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Description 

The  present  invention  relates  to  subsurface  well 
bore  equipment  and  more  particularly  to  an  apparatus 
for  milling  away  tubular  conduits  such  as  liners  en-  5 
cased  within  well  bores. 

There  is  a  special  need  in  the  oil  and  gas  industry 
for  tools  which  can  remove  the  casing  in  an  oil  and 
gas  well,  drill  collars,  drill  pipe  and  jammed  tools.  This 
is  accomplished  from  the  surface  with  a  tool  on  the  10 
end  of  a  drill  string.  The  drill  string  can  range  from  hun- 
dreds  to  thousands  of  feet  in  length.  Typically,  the 
working  area  of  the  milling  tool  in  a  well  is  from  three 
to  ten  thousand  feet  or  more  below  the  surface.  In  va- 
rious  operations  at  this  subsurface  point,  a  portion  of  15 
the  well  casing  may  have  to  be  removed  so  that  drill- 
ing  can  be  conducted  in  a  different  direction  or  a  drill 
collar  may  have  to  be  removed.  One  reason  to  remove 
casing  is  to  permit  the  drilling  of  an  additional  well 
from  the  main  well.  Another  use  for  the  milling  tools  20 
is  to  remove  a  tool  jammed  in  the  well.  This  latter  use 
entails  destroying  the  tool  by  milling  through  the  tool 
and  the  borehole.  This,  then,  reopens  the  hole  so  that 
drilling  may  be  commenced. 

Milling  tools  have  been  used  for  many  years  in  25 
subsurface  operations.  Many  of  these  tools  have  a 
lower  pilot  or  guide  section  and  an  upper  cutting  sec- 
tion.  These  tools  include  pilot  mills,  drill  pipe  mills,  drill 
collar  mills  and  junk  mills.  These  mills  all  have  one 
thing  in  common,  and  that  is,  to  remove  some  mate-  30 
rial  or  item  from  a  well  hole.  Each  of  these  mills  ac- 
complishes  this  function  in  the  same  way  by  reducing 
the  item  to  shavings,  hence,  small  chips. 

The  various  mills  in  use  have  different  types  of 
cutter  blades.  Most  of  these  cutter  blades,  however,  35 
are  permanently  fixed  to  the  outside  surface  of  the 
tool  by,  for  example,  welding  blades  on  the  outer  cas- 
ing  to  perform  the  milling  function.  Once  these  blades 
are  worn  through,  the  milling  tool  then  has  to  be  re- 
placed.  This  includes  the  entire  body  and  connectors  40 
associated  with  the  mill. 

The  prior  art  is  replete  with  examples  of  milling 
tools.  An  early  example  of  a  milling  apparatus  is  found 
in  U.S.  Patent  No.  2,855,994.  This  patent  illustrates  a 
number  of  radially  extending  milling  blades  that  are  45 
metallurgical^  bonded  to  the  outer  casing  of  the  body 
of  the  milling  apparatus.  The  blades  of  the  milling  tool 
are  oriented  with  respect  to  the  length  of  the  milling 
tool  at  different  elevations  such  that  the  tool  contin- 
ues  to  perform  the  cutting  function  without  flaring  the  50 
pipe  that  the  tool  is  cutting  as  the  blades  wear  out. 

As  heretofore  indicated,  once  these  blades  wear 
out  the  tool  needs  to  be  replaced  with  a  new  tool. 

Another  more  recent  patent  relating  to  milling 
tools  is  U.S.  Patent  No.  4,717,290.  This  milling  tool  55 
consists  of  a  tool  body  which  has  a  plurality  of  cutter 
blades  extending  from  the  body.  Each  cutter  blade 
has  a  negative  axial  rake  and  essentially  constant 

negative  radial  rake.  Each  cutter  arm  has  a  close 
packing  of  cylindrical  cutting  grade  tungsten  carbide 
inserts,  each  of  the  inserts  being  set  at  a  lead  angle 
of  from  0  to  10  degrees.  Each  of  the  blades  radially 
extending  from  the  body  of  the  milling  tool  is  oriented 
in  a  spiral,  or  angled  pattern,  one  from  the  other;  each 
of  the  blades  being  equi-circumferentially  spaced 
around  the  body  of  the  tool. 

Again,  as  these  blades  wear  away,  the  entire  mil- 
ling  tool  needs  to  be  replaced  including  the  body  and 
the  connecting  ends,  etc. 

There  is  a  whole  family  of  milling  tools  that  have 
movably  expandable  arms  that  extend  radially  out 
from  the  body  of  the  milling  tool,  the  extending  oper- 
ation  occurring  down  hole.  U.S.  Patent  No.  3,  1  05,562 
which  discloses  the  features  of  the  preamble  of  claim 
1  ,  is  typical  of  these  expanding  type  reamers  and  mil- 
ling  tools  and  forms  the  precharacterising  clause  of 
the  subject  claim  1. 

It  is  an  object  of  the  present  invention  to  provide 
a  pipe  milling  apparatus  which  obviates  the  need  to 
replace  the  entire  body  of  the  milling  apparatus  by 
providing  replaceable  milling  blades. 

According  to  this  invention  there  is  provided  a 
pipe  milling  apparatus  for  milling  and  cutting  pipe  in 
energy  exploration  wells,  said  apparatus  comprising: 

a  tubular  body  having  at  least  two  circumferen- 
tially  spaced  longitudinal  slots  formed  through  the  cir- 
cumferential  wall  of  said  tubular  body, 

a  milling  blade  radially  extending  through  each 
said  slot,  each  said  milling  blade  having  a  longitudin- 
ally  extending  flange  portion  inside  said  tubular  body, 
which  flange  portion  has  at  least  one  dimension  larg- 
er  than  the  slot, 

a  radially  inner  surface  of  each  blade  having  a 
tapered  surface,  and 

a  cylindrical  mandrel  means  for  insertion  into 
said  tubular  body,  said  mandrel  means  including  taper 
means  characterised  in  that  said  taper  means  has  a 
taper  corresponding  to  the  taper  on  said  tapered  sur- 
face  on  said  blade,  said  taper  being  in  continuous 
contact  with  said  blade  tapered  surface  to  support 
said  milling  blade,  said  tapered  portion  and  tapered 
surface  frictionally  contacting  against  one  another  to 
wedge  the  blades  radially  outwardly  of  the  tubular 
body  such  that  a  cutting  surface  of  the  blade  moves 
parallelly  to  a  longitudinal  axis  of  said  apparatus  and 
when  in  such  a  wedging  position  opposing  ends  of 
said  flange  portion  inside  the  tubular  body  extend 
over  the  slot  to  limit  the  extent  of  radial  outward  move- 
ment  of  said  blades  to  prevent  the  blades  from  being 
removed  outwardly  from  a  respective  slot. 

Preferably  four  equi-circumferentially  spaced 
longitudinal  slots  are  provided  through  which  a  corre- 
sponding  blade  extends. 

In  one  embodiment  of  the  invention  the  mandrel 
means  has  a  first  end  and  a  second  pilot  end  the  taper 
on  said  taper  means  being  disposed  between  said 
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first  and  second  ends,  the  taper  reducing  in  diameter 
from  said  second  pilot  end  towards  said  first  end,  said 
first  end  being  provided  with  a  threaded  connection, 
and  retaining  means  is  provided  for  securing  said  5 
mandrel  within  said  body. 

In  said  embodiment  advantageously  said  body  is 
prevented  from  rotation  on  said  mandrel  by  key  way 
means. 

In  an  alternative  embodiment  of  the  invention  10 
said  cylindrical  mandrel  means  comprises  a  cylindri- 
cal  mandrel  and  said  taper  means  comprises  a  ta- 
pered  flexible  ring  and  an  axially  spaced  tapered  rigid 
ring  both  said  ring  being  slidingly  located  on  said  cyl- 
indrical  mandrel  a  taper  on  each  ring  decreasing  the  15 
diameter  thereof  toward  the  space  between  said 
rings,  wherein  the  taper  on  said  rings  is  arranged  to 
cooperate  with  corresponding  tapers  on  said  blades 
so  that  relative  movement  between  the  rings  facili- 
tates  radial  movement  of  said  blades.  20 

In  said  embodiment  advantageously  said  flexible 
ring  has  a  taperformed  by  a  plurality  of  spring  fingers 
and  the  rigid  ring  is  biased  toward  the  flexible  ring  by 
a  spring  means. 

Advantageously  said  body  is  connected  to  a  bot-  25 
torn  sub  by  a  shouldered,  screw  threaded  connection 
and  conveniently  a  spacer  cylinder  is  provided  be- 
tween  the  body  and  the  mandrel  said  spacer  cylirder 
being  located  between  said  bottom  sub  and  said 
spring  means  for  compressing  said  spring  means.  30 

Preferably  a  collar  is  provided  in  the  space  be- 
tween  said  rings  on  said  mandrel  said  collar  being  at- 
tached  to  said  mandrel  for  disassembly  of  said  appa- 
ratus  to  move  said  rigid  ring  axially  away  from  said 
flexible  ring.  35 

Conveniently  a  stabiliser  means  is  mounted  on 
the  body  below,  in  operation,  said  blades. 

In  a  preferred  embodiment  said  flange  portion  in- 
cludes  an  extending  tab  protruding  substantially  per- 
pendicularly  to  a  leading,  cutting  surface  extending  40 
longitudinally  of  each  blade  and  substantially  perpen- 
dicularly  to  the  inner  tapered  surface  on  said  blade, 
a  pair  of  said  tabs  being  positioned  at  each  longitudi- 
nal  end  of  said  blades  forengagement  with  said  inside 
of  said  tubular  body.  45 

Advantageously  cutting  means  are  provided  on 
said  cutting  surface  and  said  cutting  means  compris- 
es  tungsten  carbide  elements. 

Preferably  either  the  cutting  elements  or  the 
blades  are  angled  to  provide  a  negative  rake  angle  50 
with  respect  to  a  longitudinal  axis  of  said  apparatus. 

Advantageously  negative  rake  angle  is  between 
0  degrees  and  20  degrees  and  preferably  said  nega- 
tive  rake  angle  is  7  degrees. 

The  present  invention  obviates  the  need  to  return  55 
worn  mills  to  the  manufacturing  facilities,  cut  off  the 
portion  remaining  of  the  worn  blades,  heat  up  the 
whole  boday,  weld  new  blades  to  the  body  and  sub- 
sequently  dress  each  of  these  blades  with  cutting  ele- 

ments  and  grind  the  outside  diameter  of  the  mill  be- 
fore  shipping  out  into  the  field  again.  Prior  to  this  in- 
vention  mill  bodies  cracked  after  repeated  heating 
during  redressing  and  subsequent  cooling  and  mill 
bodies  had  to  be  rejected  after  few  runs;  mill  blades 
could  not  be  dressed  in  a  controlled  environment  but 
only  after  they  were  welded  to  the  body;  also,  a  large 
number  of  mills  were  required  to  carry  out  a  single  job 
off-shore  where  sometimes  more  than  20  mill  runs 
are  required  and  logistics  prevent  shipping  mills  back 
to  the  workshop,  redressing  them  and  returning  them 
to  the  rig.  Mills  according  to  the  present  invention  do 
not  have  to  be  returned  to  manufacturing  facilities  for 
redressing;  they  can  be  disassembled  at  the  rig  and 
can,  without  applying  any  heat  to  the  mill  body,  be 
equipped  with  new  blades  that  were  dressed  in  a  con- 
trolled  environment  in  the  plant  and  that  are  individ- 
ually  ground  to  size.  This  reduces  the  number  of  mill 
bodies  required  for  a  single  job  and  greatly  increases 
the  number  of  mill  runs  before  a  mill  body  has  to  be 
scrapped.  The  milling  tool  of  the  present  invention  is 
comprised  of  several  components  that  when  assem- 
bled,  firmly  lock  a  series  of  milling  blades  through 
slots  in  the  body  of  the  milling  tool.  When  the  blades 
become  worn,  the  tool  is  simply  disassembled,  new 
blades  are  inserted  through  slots  formed  by  a  cylin- 
drical  housing  from  the  inside  of  the  housing  and  a 
central  mandrel  is  then  inserted  within  the  housing, 
thereby  locking  each  of  the  replaceable  blades  in 
place  for  further  milling  operations. 

The  present  invention,  therefore,  has  an  advan- 
tage  over  the  prior  art  in  that  the  cutting  blades  are 
easily  replaceable. 

Still  another  advantage  of  the  present  invention 
over  the  prior  art  is  that  different  types  of  milling 
blades  may  be  utilized  in  the  same  body  of  the  appa- 
ratus. 

Yet  another  advantage  of  the  present  invention 
over  the  prior  art  is  that  the  blades  are  mechanically 
locked  in  place  thereby  obviating  the  need  to  weld  the 
blades  to  the  housing  thereby  compromising  the  in- 
tegrity  of  the  base  metal  of  the  blades  and  the  cutting 
material  secured  thereto. 

The  invention  will  now  be  described  byway  of  ex- 
ample  with  reference  to  the  accompanying  drawings 
in  which:- 

Figure  1  is  a  cross-section  of  one  embodiment  of 
a  milling  apparatus  in  accordance  with  this  inven- 
tion; 
Figure  2  is  an  exploded  perspective  view  of  the 
milling  apparatus  shown  in  Figure  1; 
Figure  3  is  a  partially  cutaway  view  of  the  milling 
apparatus  showing  fixed  pilot  guide  blades  at  the 
end  of  the  apparatus; 
Figure  4  is  a  cross-sectional  view  along  double 
arrow  headed  lines  4-4  of  Figure  3  illustrating  re- 
tention  bolts  that  mechanically  retain  the  mandrel 
within  the  surrounding  housing  if  the  mandrel 
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should  break  during  operation; 
Figure  5  is  a  side  view  of  one  of  the  replaceable 
cutter  blades  illustrating  the  tungsten  carbide  cut- 
ter  discs  mounted  to  the  cutting  surface  of  the 
blade; 
Figure  6  is  a  side  view  along  double  arrow  head- 
ed  line  6-6  of  Figure  5  showing  the  tungsten  car- 
bide  cutter  discs  mounted  at  a  negative  rake  an- 
gle  with  respect  to  the  longitudinal  axis  of  the 
body  of  the  pipe  milling  apparatus;  and 
Figure  7  shows  a  longitudinal  cross-section  of 
part  of  another  embodiment  of  the  apparatus  in 
accordance  with  this  invention. 
In  the  Figures  like  reference  numerals  denote  like 

parts. 
Referring  to  Figures  1  and  2,  the  milling  appara- 

tus  10  is  shown  inserted  in  a  pipe  encased  well  bore 
formed  in  a  formation  11.  The  milling  apparatus  is 
connected  to  a  drill  string  17  (shown  in  phantom  lines) 
at  the  top  of  the  milling  device.  The  milling  device  10 
is  shown  in  contact  with  an  end  19  of  a  metal  well  pipe 
16. 

The  milling  apparatus  10  consists  of  a  cylindrical 
body  12  having  an  upperthreaded  end  13  adapted  to 
be  connected  to  the  drill  string  1  7.  The  circumferential 
wall  of  the  body  12  has  four  longitudinally  extending 
slots  14  (shown  in  Figure  2)  therethrough  positioned 
between  the  end  13  and  an  open  lower  end  15  of  the 
body  12.  The  lower  end  15  has  a  series  of  equi- 
circumferentially  spaced  slots  27.  These  slots  are  de- 
signed  to  engage  with  pilot  vanes  28  extending  from 
a  central  mandrel  20. 

Four  replaceable  cutter  blades  40  are  each  de- 
signed  to  be  inserted  through  open  end  15  of  cylindri- 
cal  body  12,  the  blades  being  subsequently  pushed 
through  slots  14  of  the  body  12  from  the  inside  of  the 
body.  Tabs  46  and  47  (also  particularly  shown  in  Fiu- 
gures  5  and  6)  are  positioned  at  each  end  of  the 
blades  and  oriented  perpendicularly  to  cutter  surface 
43  and  back  surface  41  for  preventing  the  blades  40 
from  being  pushed  all  the  way  through  the  slots  14. 
The  blade  retention  tabs  46  and  47  engage  the  inner 
wall  18  of  the  cylindrical  body  12. 

The  inner  mandrel  20  has  a  body  22  which  forms 
an  inner  fluid  passage  24  that  communicates  with 
open  end  13  of  body  12.  The  passage  is  designed  to 
transmit  drilling  fluid  or  "mud"  through  the  milling  ap- 
paratus  1  0  and  serves  to  provide  fluid  to  wash  the  cut- 
tings  or  detritus  from  the  ends  19  of  the  pipe  casing 
16  being  milled.  The  downstream  or  bottom  end  25  of 
mandrel  20  defines  a  finned  pilot  or  guide  end  25  of 
the  apparatus  10.  Blades  26  are  welded  to  the  end  25 
of  the  mandrel  20  and  the  four  blades  26  continue  into 
longitudinal  radially  extending  blades  or  fins  28.  The 
blades  are  welded  to  the  end  25  of  the  mandrel  20. 
The  pilot  end  blades  26  and  the  extended  fins  28  are 
welded  along  junction  31  formed  between  the  blades 
and  the  outer  surface  of  the  mandrel  body  22.  The  up- 

stream  end  29  of  the  four  blades  28  extend  within 
slots  27  formed  in  end  15  of  cylindrical  body  12  when 
the  mandrel  is  inserted  all  the  way  into  the  cylindrical 

5  body  12. 
Each  of  the  cutting  blades  40  form  a  longitudin- 

ally  extending  angled  surface  48.  The  surface  is  an- 
gled  downwardly  and  radially  outwardly  from  the 
longitudinal  centerline  of  the  milling  apparatus  10.  A 

10  conical  surface  30  formed  on  the  mandrel  20  is  par- 
allel  with  the  angled  surface  48  of  the  blade  40.  The 
conical  surface  of  the  mandrel  tapers  from  a  large  di- 
ameter  at  the  pilot  end  25  to  a  smaller  diameter  to- 
ward  an  opposite,  threaded  end  23.  A  locking  nut  32 

15  is  threaded  onto  end  23  after  the  mandrel  is  inserted 
all  the  way  into  the  body  12.  When  the  mandrel  is 
firmly  inserted  in  the  body  12,  each  of  the  blades  40 
is  firmly  and  mechanically  locked  within  the  slots  14 
of  the  body  12. 

20  With  reference  now  particularly  to  the  exploded 
perspective  view  of  Figure  2,  the  assembly  procedure 
is  readily  discernible.  The  cutting  blades  40  are  in- 
serted  through  the  open  end  15  of  the  body  12  and 
aligned  with  slots  14.  When  all  of  the  four  blades  40 

25  are  inserted  through  the  slots  14  circumferentially 
spaced  and  preferably  equi-circumferentially  spaced 
around  the  body  12,  the  mandrel  20  is  then  inserted 
into  the  interior  of  the  body  12.  The  longitudinally  ex- 
tending  slots  28  equi-circumferentially  spaced  at  90 

30  degree  intervals  around  the  end  of  the  mandrel  25 
are,  of  course,  aligned  with  the  slots  27  of  the  end  15 
of  the  body  12.  An  O-ring  35  is  first  placed  within  a 
cavity  formed  in  the  end  23  of  the  mandrel  20.  End 
29  of  the  fins  28  are  then  inserted  within  the  slots  27 

35  and  the  nut  32  is  threaded  onto  end  23  of  the  mandrel 
20.  Once  the  nut  32  is  tightly  screwed  onto  the  end 
23  of  the  mandrel  20,  a  split  lock-ring  33  is  snapped 
in  place  in  a  mating  receptacle  formed  in  the  inner 
wall  18  of  the  body  12. 

40  Once  the  mandrel  is  securely  positioned  within 
the  cylindrical  body  12  each  of  the  four  cutters  are 
mechanically  locked  to  the  body  12  and  the  milling 
apparatus  is  now  ready  for  use  to  mill  pipe  downhole. 

Three  mandrel  retention  bolts  34  are  placed  at 
45  120  degree  intervals  around  the  mandrel  and  serve 

to  prevent  the  mandrel  from  being  ejected  from  the 
body  12  in  the  event  the  mandrel  should  be  severed 
from  the  body  12  (see  Figures  3  and  4).  The  mandrel 
retention  bolts  are  inserted  afterthe  milling  apparatus 

so  is  assembled.  The  bolts  34  are  positioned  within  en- 
larged  holes  37  formed  through  body  12  to  coincide 
with  threaded  holes  formed  in  the  mandrel  body  22. 
Once  the  milling  apparatus  is  assembled,  the  man- 
drel  retention  bolts  are  passed  through  the  holes  37, 

55  the  bolts  indexing  within  the  threaded  holes  in  the 
mandrel.  If  the  mandrel  breaks,  the  head  of  the  bolts 
34  prevent  the  bottom  portion  of  the  mandrel  from  be- 
ing  ejected  from  the  cylindrical  body  12. 

Turning  now  to  Figure  3,  the  lower  pilot  end  25  of 

4 
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the  milling  apparatus  is  illustrated.  The  lower  end  of 
the  mandrel  body  22  supports  the  pilot  guide  fins  of 
the  apparatus.  The  four  pilot  fins  26  are  welded  at  end 
25  along  junction  31  .  The  leading,  or  forward  face,  of 
the  pilot  fins  26  have,  for  example,  an  abrasive  coat- 
ing  that  facilitates  removal  of  detritus  that  may  be  pre- 
venting  the  milling  apparatus  from  seating  on  the  top 
19  of  the  casing  16.  Each  of  the  welded  on  tips  26 
continues  into  longitudinal  fins  28  welded  to  the  man- 
drel  body  22.  As  heretofore  stated,  end  29  of  the  fins 
28  registers  within  slots  27  formed  in  the  end  of  the 
cylindrical  body  12. 

Figure  4  is  a  section  taken  through  Figure  3  show- 
ing  the  positions  of  the  mandrel  retention  bolts  34  in 
the  body  22  of  the  mandrel. 

Figure  5  shows  a  side  view  of  the  separate  cutting 
blades  40.  Each  blade  has  a  cutting  face  43  formed 
on  a  body  42,  the  angled  inner  surface  48  being  per- 
pendicular  to  the  cutting  face  43.  The  cutting  surface 
43  has  a  series  of  radially  extending  slots  44  formed 
in  the  leading,  in  use,  face  43. 

Referring  now  to  Figure  6,  the  slots  44  are  angled 
downwardly  and  rearwardly  with  respect  to  the  long- 
itudinal  axis  of  the  milling  apparatus,  the  angle  being 
a  negative  rake  angle  with  respect  to  the  axis.  The  an- 
gle  of  each  of  the  slots  may  be  between  0  degrees 
and  20  degrees  negative  rake  angle,  but  preferably  7 
degrees. 

A  multiplicity  of,  for  example,  tungsten  carbide 
disc  45  are  metallurgically  bonded  within  the  slots  44. 
Each  of  the  multiplicity  of  tungsten  carbide  cutters  are 
aligned  substantially  longitudinally  to  intersect  the 
end  19of  the  casing  16  to  be  milled  thereby  providing 
maximum  cutting  action  to  mill  the  casing.  The  tung- 
sten  carbide  discs  may,  for  example,  be  a  Grade  363 
or  HS6  manufactured  by  RTW  (Rogers  Tool  Works). 
The  manufacturer  is  located  in  Rogers,  Arkansas.  It 
should  be  understood  that  other  types  of  cutters  may 
be  utilized  while  remaining  within  the  scope  of  the 
present  invention.  The  tungsten  carbide  discs  may  be 
brazed  to  the  blade  40  within  a  brazing  furnace  at 
tightly  controlled  temperatures  to  effect  a  maximum 
bond  between  the  tungsten  carbide  discs  and  the 
slots  44  formed  in  cutting  face  43  of  the  replaceable 
blades  40.  This  brazing  process  is  well  known  in  the 
art  and  the  foregoing  controlled  brazing  process  max- 
imizes  the  strength  of  the  bond  between  the  tungsten 
carbide  and  the  replaceable  blades  without  degrada- 
tion  of  the  blades. 

One  or  more  radially  disposed  chip  breaker  ridg- 
es  as  described  in  our  co-pending  EPA-90301  967.7 
may  be  formed  on  a  cutting  surface  of  the  individual 
tungsten  carbide  cutters  (not  shown).  The  chip  break- 
ers  serve  to  break  up  long  "tails"  of  cuttings  removed 
from  end  19  of  the  steel  pipe  casing  16  during  oper- 
ation  of  the  milling  apparatus  10  in  the  borehole.  The 
cuttings,  if  not  kept  to  a  small  size,  could  bind  between 
the  drill  pipe  17  and  the  borehole  11  preventing  the 

mud  from  removing  the  cuttings. 
Where  the  milling  apparatus  is  to  be  used  with 

other  drill  string  components  that  are  added  to  the 
5  bottom  of  the  mill  and  which  may  require  high  axial 

pulling  or  pushing  loads,  then  there  may  be  a  mech- 
anical  strength  problem  with  the  above  described  tool 
owing  to  the  reduced  diameter  threaded  end  portion 
23  of  mandrel  20  engaging  body  12.  In  such  instances 

10  it  may  be  desired  to  have  a  larger  shouldered  connec- 
tion  at  the  top  and  bottom  of  the  apparatus  providing 
a  larger  diameterfor  connection  to  the  body  and  a  bot- 
tom  sub.  In  the  embodiment  now  to  be  described  the 
key  type  torque  transfer  of  blades  28  within  slots  27 

15  is  avoided. 
Referring  now  particularly  to  Figure  7,  a  body  120 

has  four  equi-circumferentially  spaced  apertures  for 
location  of  blades  140.  The  blades  140  have  tabs  46, 
47  similarly  to  the  embodiment  of  Figures  1-6.  The 

20  blades  in  the  embodiment  of  Figure  7  are  provided 
with  tungsten  carbide  cutting  elements  405  of  the 
same  grade  tungsten  carbide  as  the  discs  45  except 
that  the  elements  405  are  rectangular  or  square  in 
shape  and  are  located  on  the  respective  blades  in  a 

25  "brick  work"  fashion.  The  elements  405  are  arranged 
to  cut  at  a  negative  rake  angle  of  between  0-20°,  pre- 
ferably  7°.  The  body  120  has  an  upward  facing  (in 
use)  shouldered  box  thread  121  to  connect  the  body 
to  a  drill  string  and  a  shouldered  downward  facing 

30  connection  122  having  an  internal  screw  thread  to 
which  is  connected  a  bottom  sub  400  having  a  corre- 
sponding  mating  external  screw  thread,  a  shoulder 
123  of  the  bottom  sub  400  abutting  an  end  of  the  body 
120. 

35  A  mandrel  200  is  secured  by  a  screw  thread  201 
to  the  bottom  sub  400  and  the  body  1  20,  mandrel  200 
and  bottom  400  each  have  an  internal  bore  for  mud 
circulation.  The  bottom  sub  400  supporting  the  man- 
drel  200  acts  as  a  link  between  the  milling  apparatus 

40  and  the  next  lower  component  of  the  bottom  hole  as- 
sembly  (not  shown). 

The  equi-circumferentially  disposed  blades  140 
have  axially  disposed,  spaced,  internal  surfaces  141  , 
142  upon  which  are  oppositely  angled  tapers  such 

45  that  the  tapers  on  the  blades  increase  radially  out- 
wardly  toward  the  opposing  ends  thereof.  The  taper 
141  is  located  on  a  tapered  flexible  ring  406  having  a 
cooperating  tapered  surface  with  surface  141,  the 
ring  406  being  slidably  located  on  the  mandrel  200 

so  and  sealed  to  the  mandrel  by  an  0-ring411  and  to  the 
body  120  by  an  O-ring  412.  The  O-rings  11  and  12 
form  a  seal  between  the  higher  pressure  of  the  mud 
stream  being  pumped  down  inside  the  apparatus  and 
the  mud  flowing  back  toward  the  surface  on  the  out- 

55  side  of  the  mill.  The  ring  406  is  located  in  an  internal 
shouldered  portion  125  of  the  body  120.  The  ring  406 
may  be  made  of  thin  steel  or  have  a  solid  ring  of  con- 
stant  diameter  steel  with  a  plurality  of  tapered  flexible 
spring  fingers  in  abutment  with  the  surface  141  of  the 

5 
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blade  140. 
A  tapered  rigid  ring  405  having  a  taper  corre- 

sponding  to  the  surface  142  is  axially  spaced  from 
and  faces  the  ring  406  and  supports  the  opposite  end 
of  the  blade  from  the  ring  406,  the  ring  405  also  being 
slidably  located  on  the  mandrel  200.  The  ring  405  is 
biased  toward  the  ring  406  by  a  compression  spring 
408  formed  by  a  plurality  of  spring  discs.  The  spring 
408  is  located  between  the  body  120  and  the  mandrel 
200  and  force  is  exerted  on  the  spring  by  a  spacer  cy- 
linder  409  located  between  body  120  and  mandrel 
200  as  the  cylinder409  is  moved  axially  upward  when 
the  bottom  sub  400  is  screwed  into  the  mill  body  120. 

A  stabiliser  sleeve  407  having  a  tapered  connec- 
tion  410  on  the  body  120  is  located  just  belowthe  low- 
er  end  of  the  blades  140  on  the  outside  of  the  body 
to  keep  the  mill  centrally  located  in  a  casing  that  is  be- 
ing  milled. 

The  apparatus  of  Figure  7  is  assembed  by  the  fol- 
lowing  steps: 

The  O-rings  411  and  412  are  located  in  groves  in 
the  flexible  ring  406  and  the  ring  406  is  inserted  into 
the  mill  body  120.  Asub-assembly  is  prepared  by  slid- 
ing  the  tapered  rigid  ring  405,  the  disc  springs  408 
and  the  spacer  cylinder  409  over  the  lower  part  of  the 
mandrel  200  and  the  mandrel  200  is  screwed  into  the 
bottom  sub  400  using  a  pipe  wrench  as  is  convention- 
ally  available  on  a  rig.  After  the  stabiliser  sleeve  407 
has  been  made  up  to  the  outside  of  the  mill  body  120, 
the  blades  140  are  inserted  from  inside  the  mill  body 
through  the  slots  and  brought  into  contact  with  the 
previously  installed  flexible  ring  406.  The  already  pre- 
pared  sub-assembly  is  guided  into  the  bottom  of  the 
mill  body.  The  top  section  of  the  mandrel  200  is  insert- 
ed  through  the  flexible  ring  406  and  seals  against  ring 
411.  As  the  sub-assembly  moves  further  axially,  so 
the  tapered  pin  thread  122  of  the  bottom  sub  400  is 
connected  to  the  bottom  box  thread  of  the  mill  body 
120.  As  the  thread  of  the  bottom  sub  enters  the  box 
thread  of  the  mill  body,  the  spacer  cylinder  409  push- 
es  against  the  disc  springs  408  which  in  turn  push  the 
tapered  rigid  ring  405  against  the  mill  blades  140. 
Conventional  rotary  tongs  are  used  to  achieve  the 
high  torque  required  to  compress  the  stiff  disc  springs 
408  that  are  necessary  to  lock  the  blades  radially 
open  while  also  obtaining  the  appropriate  compres- 
sion  at  the  shoulder  123  of  the  connection  between 
bottom  sub  400  and  the  mill  body  120. 

The  tapered  flexible  ring  406  is  just  sufficiently 
flexible  to  distribute  the  radial  forces  of  the  taper  sub- 
stantially  evenly  to  all  the  blades  140  so  that  all  the 
blades  are  properly  held  in  place.  Without  the  com- 
pensation  provided  by  the  flexible  ring  406  some  of 
the  blades  could  become  loose  while  other  blades  are 
held  tight  because  of  differences  in  the  dimension  be- 
tween  the  individual  blades  used  as  a  result  of  man- 
ufacturing  tolerances.  The  tapered  rigid  ring  405,  as 
described  above,  is  pushed  against  the  lower  portion 

of  the  mill  blades  140  by  the  disc  springs  408  which 
compensate  for  some  wear  on  the  gripping  surfaces 
during  milling  and  overall  dimensional  differences 

5  caused  by  the  forenoted  manufacturing  tolerances  of 
the  mill  components. 

A  collar  413,  which  may  be  integrally  formed  or 
fixedly  secured  or  a  snap  ring  in  a  groove,  is  provided 
on  the  outer  circumference  of  the  mandrel  200  so  that 

10  in  disassembly,  when  the  mandrel  is  moved  to  the 
right  as  shown  in  the  Figure  7  so  the  collar  pushes  on 
the  tapered  rigid  ring  405  to  move  the  ring  405  away 
from  the  tapered  bottom  end  of  the  mill  blades  140. 
By  such  an  expedient,  if  the  ring  405  should  become 

15  locked  to  the  blades  then  the  collar  will  ensure  that 
the  blades  can  collapse  radially  inwardly. 

By  the  embodiment  of  Figure  7  axial  loads  are 
transferred  from  the  top  connection  through  the  mill 
body  1  20  and  via  the  top  of  the  body  slots  into  the  mill 

20  blades.  If  it  is  necessary  to  put  weight  on  components 
of  the  bottom  hole  assembly  below  the  bottom  sub 
400,  for  example  to  pull  on  the  bottom  hole  compo- 
nents  or  to  jar  them  free  if  they  are  stuck  then  strong, 
oil-field  type  shouldered  connections  are  provided  to 

25  withstand  the  necessary  forces. 
Instead  of  the  slots  14  being  parallel  with  the  ap- 

paratus  longitudinal  axis,  each  of  the  slots  14  in  the 
cylindrical  body  12  could  alternatively  be  angled  at  a 
negative  rake  angle  between  0  degrees  and  15  de- 

30  grees  with  respect  to  an  axis  of  the  milling  apparatus 
10.  Although  the  slots  14  and  associated  blades  40 
or  140  are  preferably  equi-circumferentially  spaced,  it 
will  be  realised  by  those  skilled  in  the  art  that  such 
equi-spacing  is  not  essential  for  operation  of  the  in- 

35  vention.  The  tungsten  carbide  cutters  45  could  be 
brazed  directly  onto  cutting  surface  43  of  the  blades 
or  into  slots,  the  surface  43  and  the  bottom  of  the 
slots  being  parallel  to  the  back  surface  41  in  such  an 
alternative. 

40 

Claims 

1.  A  pipe  milling  apparatus  (10)  for  milling  and  cut- 
45  ting  pipe  (16)  in  energy  exploration  wells,  said  ap- 

paratus  comprising: 
a  tubular  body  (12;  120)  having  at  least 

two  circumferentially  spaced  longitudinal  slots 
(14)  formed  through  the  circumferential  wall  of 

so  said  tubular  body, 
a  milling  blade  (40;  140)  radially  extending 

through  each  said  slot,  each  said  milling  blade 
having  a  longitudinally  extending  flange  portion 
(42,  46,  47)  inside  said  tubular  body,  which  flange 

55  portion  has  at  least  one  dimension  larger  t  han  t  he 
slot, 

a  radially  inner  surface  (48)  of  each  blade 
having  a  tapered  surface,  and 

a  cylindrical  mandrel  means  (20;  200,  405, 

6 
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406)  for  insertion  into  said  tubular  body,  said 
mandrel  means  including  taper  means  (30;  405, 
406)  characterised  in  that  said  taper  means  (30; 
405,  406)  has  a  taper  corresponding  to  the  taper 
on  said  tapered  surface  on  said  blade,  said  taper 
being  in  continuous  contact  with  said  blade  ta- 
pered  surface  to  support  said  milling  blade,  said 
tapered  portion  and  tapered  surface  frictionally 
contacting  against  one  another  to  wedge  the 
blades  radially  outwardly  of  the  tubular  body  such 
that  a  cutting  surface  (43)  of  the  blade  moves 
parallelly  to  a  longitudinal  axis  of  said  apparatus 
and  when  in  such  a  wedging  position  opposing 
ends  of  said  flange  portion  (42,  46,  47)  inside  the 
tubular  body  extend  over  the  slot  to  limit  the  ex- 
tent  of  radial  outward  movement  of  said  blades  to 
prevent  the  blades  from  being  removed  outward- 
ly  from  a  respective  slot. 

2.  A  pipe  milling  apparatus  as  claimed  in  claim  1 
wherein  four  equi-circumferentially  spaced  longi- 
tudinal  slots  (14)  are  provided  through  which  a 
corresponding  blade  (40;  140)  extends. 

3.  A  pipe  milling  apparatus  as  claimed  in  claim  1  or 
2  wherein  the  mandrel  means  (20)  has  a  first  end 
(23)  and  a  second  pilot  end  (25,  26),  the  taper  on 
said  taper  means  (30)  being  disposed  between 
said  first  and  second  ends,  the  taper  reducing  in 
diameter  from  said  second  pilot  end  towards  said 
first  end,  said  first  end  being  provided  with  a 
threaded  connection,  and  retaining  means  (32)  is 
provided  for  securing  said  mandrel  (20)  within 
said  body  (12). 

4.  A  pipe  milling  apparatus  as  claimed  in  claim  1  or 
2  wherein  said  cylindrical  means  comprises  a  cyl- 
indrical  mandrel  (200)  and  said  taper  means  com- 
prises  a  tapered  flexible  ring  (406)  and  an  axially 
spaced  tapered  rigid  ring  (405),  both  said  rings 
(405,  406)  being  slidingly  located  on  said  cylindri- 
cal  mandrel  (200),  a  taper  on  each  ring  decreas- 
ing  the  diameter  thereof  toward  the  space  be- 
tween  said  rings,  wherein  the  taper  on  said  rings 
is  arranged  to  cooperate  with  corresponding  ta- 
pers  (141,  142)  on  said  blades  (140)  so  that  rel- 
ative  movement  between  the  rings  (405,  406)  fa- 
cilitates  radial  movement  of  said  blades  (140). 

5.  A  pipe  milling  apparatus  as  claimed  in  claim  4 
wherein  said  flexible  ring  (406)  has  a  taper 
formed  by  a  plurality  of  spring  fingers. 

6.  A  pipe  milling  apparatus  as  claimed  in  claim  4  or 
5  wherein  the  rigid  ring  (405)  is  biased  toward  the 
flexible  ring  (406)  by  a  spring  means  (408). 

7.  A  pipe  milling  apparatus  as  claimed  in  claim  6 

wherein  said  body  (120)  is  connected  to  a  bottom 
sub  (400)  by  a  shouldered,  screw  threaded  con- 
nection  (122,  123). 

5 
8.  A  pipe  milling  apparatus  as  claimed  in  claim  7 

wherein  a  spacer  cylinder  (409)  is  provided  be- 
tween  the  body  (120)  and  the  mandrel  (200),  said 
spacer  cylinder  being  located  between  said  bot- 

10  torn  sub  (400)  and  said  spring  means  (408)  for 
compressing  said  spring  means  (408). 

9.  A  pipe  milling  apparatus  as  claimed  in  any  of 
claims  4  to  8  inclusive  wherein  a  collar  (413)  is 

15  provided  in  the  space  between  said  rings  (405, 
406)  on  said  mandrel  (200),  said  collar  (413)  be- 
ing  attached  to  said  mandrel  for  disassembly  of 
said  apparatus  to  move  said  rigid  ring  (405)  axial- 
ly  away  from  said  flexible  ring  (406). 

20 
10.  A  pipe  milling  apparatus  as  claimed  in  any  pre- 

ceding  claim  wherein  a  stabiliser  means  (407)  is 
mounted  on  the  body  (120)  below,  in  operation, 
said  blades  (140). 

25 
11.  A  pipe  milling  apparatus  as  claimed  in  claims  1  to 

3  wherein  said  body  (12)  is  prevented  from  rota- 
tion  on  said  mandrel  (20)  by  key  way  means  (27, 
28). 

30 
12.  A  pipe  milling  apparatus  as  claimed  in  any  pre- 

ceding  claim  wherein  said  flange  portion  includes 
an  extending  tab  (46,  47)  protruding  substantially 
perpendicularly  to  a  leading,  cutting  surface  (43) 

35  extending  longitudinally  of  each  blade  and  sub- 
stantially  perpendicularly  to  the  inner  tapered 
surface  (48)  on  said  blade,  a  pair  of  said  tabs  be- 
ing  positioned  at  each  longitudinal  end  of  said 
blades  for  engagement  with  said  inside  of  said 

40  tubular  body. 

13.  A  pipe  milling  apparatus  as  claimed  in  claim  12 
wherein  cutting  means  (44,  405)  are  provided  on 
said  cutting  surface  and  said  cutting  means  com- 

45  prises  tungsten  carbide  elements. 

14.  A  pipe  milling  apparatus  as  claimed  in  claim  13 
wherein  either  the  cutting  elements  or  the  blades 
are  angled  to  provide  a  negative  rake  angle  with 

so  respect  to  a  longitudinal  axis  of  said  apparatus. 

15.  A  pipe  milling  apparatus  as  claimed  in  claim  14 
wherein  said  negative  rake  angle  is  between  0 
degrees  and  20  degrees. 

55 
16.  A  pipe  milling  apparatus  as  claimed  in  claim  14 

wherein  said  negative  rake  angle  is  7  degrees. 

7 
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Patentanspruche 

1  .  Rohrenfrasgerat  (1  0)  zum  Frasen  und  Schneiden 
eines  Rohrs  (16)  bei  Energieexplorationsbohrun-  5 
gen,  mit: 

einem  rohrenformigen  Korper  (12;  120) 
mit  mindestens  zwei  umfanglich  mit  Abstand  an- 
geordneten  Langsnuten  (14),  die  durch  die  Um- 
fangswand  des  rohrenformigen  Korpers  ausge-  10 
bildet  sind, 

einer  Frasschneide  (40;  140),  die  sich  ra- 
dial  durch  jede  Nut  erstreckt,  wobei  jede  Fras- 
schneide  in  dem  rohrenformigen  Korper  einen 
sich  langs  erstreckenden  Flanschteil  (42,  46,  47)  15 
umfalit,  wobei  der  Flanschteil  mindestens  eine 
Abmessung  aufweist,  die  grafter  ist  als  die  Nut, 

eine  radiale  Innenoberflache  (48)  fur  jede 
Schneide  mit  einer  kegelformigen  Oberflache, 
und  20 

eine  zylinderformige  Dorneinrichtung  (20; 
200,  405,  406)  zur  Einfuhrung  in  den  rohrenfor- 
migen  Korper,  wobei  die  Dorneinrichtung  eine 
Kegeleinrichtung  (30;  405,  406)  aufweist,  da- 
durch  gekennzeichnet,  dali  die  Kegeleinrichtung  25 
(30;  405,  406)  eine  Kegeligkeit  aufweist,  die  der 
Kegeligkeit  an  der  kegelformigen  Oberflache  an 
der  Schneide  entspricht,  wobei  der  Kegel  in  an- 
dauerndem  Kontkat  mit  der  kegelformigen  Ober- 
flache  der  Schneide  steht,  urn  die  Frasschneide  30 
zu  stutzen,  wobei  der  kegelformige  Teil  und  die 
kegelformige  Oberflache  in  Reibungskontakt  zu- 
einander  stehen,  urn  die  Schneiden  radial  von 
dem  rohrenformigen  Korper  nach  aulien  festzu- 
klemmen,  so  dali  sich  eine  Schneideflache  (43)  35 
der  Schneide  parallel  zu  einer  Langsachse  des 
Gerats  bewegt  und  in  dieser  Festklemmposition 
erstrecken  sich  gegenuberliegende  Enden  des 
Flanschteils  (42,  46,  47)  in  dem  rohrenformigen 
Korper  uber  die  Nut,  urn  so  das  Ausmali  der  ra-  40 
dialen  Auswartsbewegung  der  Schneiden  zu  be- 
grenzen,  so  dali  die  Schneiden  nicht  aus  einer 
entsprechenden  Nut  nach  aulien  entfernt  wer- 
den. 

45 
2.  Rohrenfrasgerat  nach  Anspruch  1,  wobei  vier 

umfanglich  mit  gleichen  Abstanden  angeordnete 
Langsnuten  (14)  vorgesehen  sind,  durch  die  sich 
eine  entsprechende  Schneide  (40;  140)  erstreckt. 

50 
3.  Rohrenfrasgerat  nach  Anspruch  1  oder  2,  wobei 

die  Dorneinrichtung  (20)  ein  erstes  Ende  (23)  und 
ein  zweites,  fuhrendes  Ende  (25,  26)  aufweist, 
wobei  sich  die  Kegeligkeit  an  der  Kegeleinrich- 
tung  (30)  zwischen  den  ersten  und  zweiten  En-  55 
den  befindet,  wobei  sich  die  Kegeligkeit  im 
Durchmesser  von  dem  zweiten,  fuhrenden  Ende 
zu  dem  ersten  Ende  verringert,  wobei  das  erste 
Ende  mit  einem  Gewindeanschluli  versehen  ist 

und  wobei  eine  Halteeinrichtung  (32)  zur  Siche- 
rung  des  Dorns  (20)  in  dem  Korper  (12)  vorgese- 
hen  ist. 

4.  Rohrenfrasgerat  nach  Anspruch  1  oder  2,  wobei 
die  zylinderformige  Einrichtung  einen  zylinder- 
formigen  Dorn  (200)  umfalit  und  wobei  die  Kege- 
leinrichtung  einen  kegelformigen  elastischen 
Ring  (406)  und  einen  axial  mit  Zwischenabstand 
angeordneten,  kegelformigen  starren  Ring  (405) 
umfalit,  wobei  sich  beide  Ringe  (405,  406)  ver- 
schiebbar  an  dem  zylinderformigen  Dorn  (200) 
befinden,  wobei  eine  Kegeligkeit  an  jedem  Ring 
dessen  Durchmesser  in  Richtung  des  Zwischen- 
raums  zwischen  den  Ringen  verringert,  wobei  die 
Kegeligkeit  an  den  Ringen  soangeordnet  ist,  dali 
sie  mit  den  entsprechenden  Kegeligkeiten  (141, 
142)  an  den  Schneiden  (140)  zusammenwirkt,  so 
dali  eine  relative  Bewegung  zwischen  den  Rin- 
gen  (405,  406)  die  radiale  Bewegung  der  Schnei- 
den  (140)  erleichtert. 

5.  Rohrenfrasgerat  nach  Anspruch  4,  wobei  derela- 
stische  Ring  (406)  eine  Kegeligkeit  aufweist,  die 
durch  eine  Mehrzahl  von  Prelifingern  gestaltet 
wird. 

6.  Rohrenfrasgerat  nach  Anspruch  4  oder  5,  wobei 
der  starre  Ring  (405)  durch  eine  Federeinrich- 
tung  (408)  zu  dem  elastischen  Ring  (406)  vorge- 
spannt  ist. 

7.  Rohrenfrasgerat  nach  Anspruch  6,  wobei  der 
Korper  (120)  durch  eine  Ansatzschraubengewin- 
deverbindung  (122,  123)  mit  einem  Unterteil 
(400)  verbunden  ist. 

8.  Rohrenfrasgerat  nach  Anspruch  7,  wobei  ein  Ab- 
standszylinder  (409)  zwischen  dem  Korper  (120) 
und  dem  Dorn  (200)  vorgesehen  ist,  wobei  sich 
der  Abstandszylinder  zwischen  dem  Unterteil 
(400)  und  der  Federeinrichtung  (408)  befindet, 
urn  die  Federeinrichtung  (408)  zusammenzu- 
drucken. 

9.  Rohrenfrasgerat  nach  einem  der  Anspruche  4  bis 
8,  wobei  an  dem  Dorn  (200)  in  dem  Zwischen- 
raum  zwischen  den  Ringen  (405,  406)  ein  Kragen 
(413)  vorgesehen  ist,  wobei  der  Kragen  (413) 
zum  Auseinanderbau  des  Gerates  an  dem  Dorn 
angebracht  ist,  urn  den  starren  Ring  (405)  axial 
von  dem  elastischen  Ring  (406)  weg  zu  bewegen. 

10.  Rohrenfrasgerat  nach  einem  der  vorstehenden 
Anspruche,  wobei  beim  Betrieb  eine  Stabilisati- 
onseinrichtung  (407)  unterhalb  der  Schneiden 
(140)  an  dem  Korper  (120)  angebracht  ist. 

8 
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11.  Rohrenfrasgerat  nach  den  Anspruchen  1  bis  3, 
wobei  der  K6rper(12)  durch  Keilnuteinrichtungen 
(27,  28)  gegen  eine  Drehung  an  dem  Dorn  (20) 
geschutzt  ist. 

12.  Rohrenfrasgerat  nach  einem  der  vorstehenden 
Anspruche,  wobei  der  Flanschteil  eine  sich  er- 
streckende  Nase  (46,  47)  aufweist,  die  im  we- 
sentlichen  senkrecht  zu  einer  fuhrenden  Schnei- 
deflache  (43)  vorsteht,  die  sich  der  Lange  nach 
zu  jeder  Schneide  und  im  wesentlichen  senkrecht 
zu  der  kegelformigen  Innenoberflache  (48)  an  je- 
der  Schneide  erstreckt,  wobei  sich  ein  Nasen- 
paar  an  jedem  Langsende  der  Schneiden  befin- 
det,  urn  mit  der  Innenseite  des  rohrenformigen 
Korpers  einzugreifen. 

13.  Rohrenfrasgerat  nach  Anspruch  12,  wobei  an 
den  Schneideoberflachen  eine  Schneideeinrich- 
tung  (44,  405)  vorgesehen  ist  und  wobei  die 
Schneideeinrichtung  Wolframkarbidelemente 
umfalit. 

14.  Rohrenfrasgerat  nach  Anspruch  13,  wobei  ent- 
weder  die  Schneideelemente  oderdie  Schneiden 
mit  einem  Winkel  versehen  sind,  urn  in  bezug  auf 
eine  Langsachse  des  Gerates  einen  negativen 
Spanwinkel  vorzusehen. 

15.  Rohrenfrasgerat  nach  Anspruch  14,  wobei  der 
genannte  negative  Spanwinkel  zwischen  0  und 
20  Grad  liegt. 

16.  Rohrenfrasgerat  nach  Anspruch  14,  wobei  der 
genannte  negative  Spanwinkel  7  Grad  betragt. 

Revendications 

1.  Appareil  de  fraisage  de  tube  (10)  pour  fraiser  et 
decouper  des  tubes  (16)  dans  des  puits  d'explo- 
ration  energetique,  ledit  appareil  comprenant  : 

un  corps  tubulaire  (12  ;  120)  ayant  au 
moins  deux  fentes  longitudinales  (14)  reparties 
sur  le  pourtour  dudit  corps  tubulaire,  et  formes 
dans  la  paroi  circonferentielle  dudit  corps  tubulai- 
re, 

une  lame  de  fraisage  (40  ;  140)  avancant 
radialement  a  travers  chacune  desdites  fentes, 
chacune  desdites  lames  de  fraisage  ayant  une 
bride  s'etendant  longitudinalement  (42,  46,  47)  a 
I'interieur  dudit  corps  tubulaire,  cette  bride  etant 
plus  grande  que  la  fente  au  moins  dans  une  di- 
mension, 

une  face  interieure  radiale  (48)  de  chaque 
lame  ayant  une  surface  inclinee,  et 

un  moyen  de  mandrin  cylindrique  (20  ; 
200,  405,  406)  pour  insertion  dans  ledit  corps  tu- 

bulaire,  ledit  moyen  de  mandrin  comprenant  un 
moyen  de  conicite  (30  ;  405,  406),  caracterise  en 
ce  que  ledit  moyen  de  conicite  (30  ;  405,  406)  a 

5  une  portee  inclinee  correspondant  a  la  portee  in- 
clinee  de  ladite  surface  inclinee  de  ladite  lame,  la- 
dite  portee  inclinee  etant  en  contact  continuel 
avec  ladite  surface  inclinee  de  la  lame,  pour  sou- 
tenir  ladite  lame  de  fraisage,  lesdites  partie  incli- 

10  nee  et  surface  inclinee  etant  en  contact  frictionnel 
I'une  contre  I'autre,  pour  caler  en  coin  les  lames 
en  position  radiale  vers  I'exterieur  du  corps  tubu- 
laire,  de  facon  a  ce  qu'une  face  de  decoupe  (43) 
de  la  lame  se  deplace  parallelement  a  un  axe  lon- 

15  gitudinal  dudit  appareil,  et  dans  cette  position  de 
calage,  les  extremites  opposees  de  ladite  bride 
(42,  46,  47)  dans  le  corps  tubulaire  s'etendent  au- 
dela  de  la  fente  pour  limiter  I'ampleur  du  mouve- 
ment  radial  vers  I'exterieur  desdites  lames,  afin 

20  d'empecher  les  lames  de  sortir  de  leur  fente  res- 
pective. 

2.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 
tion  1,  dans  lequel  quatre  fentes  longitudinales 

25  reparties  regulierement  sur  le  pourtour  (14)  sont 
realisees,  a  travers  lesquelles  passe  une  lame 
correspondante  (41  ;140). 

3.  Appareil  de  fraisage  de  tube  suivant  les  revendi- 
30  cations  1  ou  2,  dans  lequel  le  moyen  de  mandrin 

(20)  a  une  premiere  extremite  (23)  et  une  deuxie- 
me  extremite  pilote  (25,  26),  la  portee  inclinee  du- 
dit  moyen  de  conicite  (30)  etant  disposee  entre 
lesdites  premiere  et  deuxieme  extremites,  le  dia- 

35  metre  de  la  portee  inclinee  diminuant  de  ladite 
deuxieme  extremite  pilote  vers  ladite  premiere 
extremite,  ladite  premiere  extremite  etant  munie 
d'un  raccordementf  ilete,  et  un  moyen  d'arret  (32) 
est  prevu  pour  maintenir  ledit  mandrin  (20)  dans 

40  ledit  corps  (12). 

4.  Appareil  de  fraisage  de  tube  suivant  les  revendi- 
cations  1  ou  2,  dans  lequel  ledit  moyen  cylindri- 
que  comprend  un  mandrin  cylindrique  (200)  et  le- 

45  dit  moyen  de  conicite  comprend  une  bague  flexi- 
ble  conique  (406)  et  une  bague  rigide  conique 
(405)  espacee  axialement,  les  deux  bagues  (405, 
406)  etant  mobiles  sur  ledit  mandrin  cylindrique 
(200),  une  portee  inclinee  sur  chaque  bague  di- 

50  minuant  son  diametre  vers  I'espace  compris  en- 
tre  les  deux  bagues,  dans  lequel  la  portee  incli- 
nee  sur  lesdites  bagues  est  disposee  de  facon  a 
concourir  avec  les  portees  inclinees  correspon- 
dantes  (141  ,  142)  sur  lesdites  lames  (140),  de  tel- 

55  le  sorte  que  le  mouvement  relatif  entre  les  ba- 
gues  (405,  406)  facilite  le  mouvement  radial  des- 
dites  lames  (140). 

5.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 
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tion  4,  dans  lequel  ladite  bague  flexible  (406)  a 
une  portee  inclinee  forme  de  plusieurs  doigts  de 
poussee. 

6.  Appareil  de  fraisage  de  tube  suivant  les  revendi- 
cations  4  ou  5,  dans  lequel  la  bague  rigide  (405) 
est  poussee  vers  la  bague  flexible  (406)  par  un 
moyen  de  ressort  (408). 

7.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 
tion  6,  dans  lequel  ledit  corps  (120)  est  raccorde 
a  une  piece  de  liaison  de  fond  (400)  par  un  rac- 
cord  a  filet  de  vis  a  epaulement  (122,  123). 

14.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 
tion  13,  dans  lequel  soit  les  elements  de  coupe, 
soit  les  lames  sont  disposes  en  biais  pour  presen- 

5  ter  un  angle  de  depouille  negatif  par  rapport  a 
I'axe  longitudinal  dudit  appareil. 

1  5.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 
tion  14,  dans  lequel  ledit  angle  de  depouille  nega- 

10  tif  est  compris  entre  0  degre  et  20  degres. 

1  6.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 
tion  14,  dans  lequel  ledit  angle  de  depouille  nega- 
tif  est  de  7  degres. 

15 
8.  Appareil  de  fraisage  de  tube  suivant  la  revendica- 

tion  7,  dans  lequel  un  cylindre  d'ecartement  (409) 
est  place  entre  le  corps  (120)  et  le  mandrin  (200), 
ledit  cylindre  d'ecartement  etant  situe  entre  ladite 
piece  de  liaison  de  fond  (400)  et  ledit  moyen  de  20 
ressort  (408)  pour  comprimer  ledit  moyen  de  res- 
sort  (408). 

9.  Appareil  de  fraisage  de  tube  suivant  I'une  des  re- 
vendications  4  a  8  y  compris,  dans  lequel  un  an-  25 
neau  (41  3)  est  place  dans  I'espace  compris  entre 
lesdites  bagues  (405,  406)  sur  ledit  mandrin 
(200),  ledit  anneau  (413)  etant  monte  sur  ledit 
mandrin  pour  le  demontage  dudit  appareil,  afin 
eloigner  axialement  ladite  bague  rigide  (405)  de  30 
ladite  bague  flexible  (406). 

10.  Appareil  de  fraisage  de  tube  suivant  I'une  des  re- 
vendications  precedentes,  dans  lequel  un  moyen 
de  stabilisation  (407)  est  monte  sur  le  corps  (120)  35 
sous,  en  fonctionnement,  lesdites  lames  (140). 

11.  Appareil  de  fraisage  de  tube  suivant  I'une  des  re- 
vendications  1  a  3,  dans  lequel  ledit  corps  (12)  est 
empeche  de  tourner  sur  ledit  mandrin  (20)  par  40 
des  moyens  de  rainures  a  clavette  (27,  28). 

12.  Appareil  de  fraisage  de  tube  suivant  I'une  des  re- 
vendications  precedentes,  dans  lequel  ladite  bri- 
de  comprend  une  patte  allongee  (46,  47)  depas-  45 
sant  sensiblement  perpendiculairement  a  une 
face  avant  de  coupe  s'etendant  longitudinale- 
ment  de  chaque  lame,  et  sensiblement  perpendi- 
culairement  a  la  surface  inclinee  interieure  (48) 
de  ladite  lame,  une  paire  desdites  pattes  etant  po-  50 
sitionnee  a  chaque  extremite  longitudinale  desdi- 
tes  lames  pourenclenchement  avec  ladite  partie 
interieure  dudit  corps  tubulaire. 

13.  Appareil  de  fraisage  de  tube  suivant  la  revendica-  55 
tion  12,  dans  lequel  un  moyen  de  coupe  (44,  405) 
est  realise  sur  ladite  surface  de  coupe,  et  ledit 
moyen  de  coupe  comprend  des  elements  en  car- 
bure  de  tungstene. 
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