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(54)  Inflatable  packing  element  for  use  in  subterranean  wells. 

@  An  inflatable  packing  element  (10)  for  an 
inflatable  packer  or  bridge  plug  utilized  in  sub- 
terranean  wells  comprises  a  tubular  elastomeric 
sleeve  (30)  which  is  surrounded  by  a  plurality  of 
circumferentially  overlapping  flexible  metal  ribs 
(12).  The  opposite  ends  of  the  ribs  (12)  are 
respectively  welded  to  an  external  surface  pro- 
vided  on  a  force  transmitting  sleeve  (14).  The 
sleeve  (14)  is  provided  with  a  shoulder  (14a) 
having  an  abutting  relationship  with  an  inter- 
nally  projecting  shoulder  (20a)  provided  on  the 
tubular  mounting  structure  (20)  for  the  inflat- 
able  element  (10). 
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INFLATABLE  PACKING  ELEMENT  FOR  USE  IN  SUBTERRANEAN  WELLS 

BACKGROUND  OF  THE  INVENTION 

1.  FIELD  OF  THE  INVENTION: 

The  invention  relates  to  the  construction  of  an 
inflatable  pacing  element  for  use  in  inflatable  packers 
or  bridge  plugs  employed  in  subterranean  wells. 

2.  SUMMARY  OF  THE  PRIOR  ART: 

Inflatable  packers  (or  bridge  plugs)  have  long 
been  utilized  in  subterranean  wells.  Such  inflatable 
tools  normally  comprise  an  elastomeric  sleeve  ele- 
ment  mounted  in  surrounding  relationship  to  a  tubular 
body  portion.  Pressured  fluid  is  communicated  from 
the  surface  of  the  well  to  the  bore  of  the  tubular  body 
and  then  through  radial  passages  to  the  interior  of  the 
elastomeric  sleeve.  To  protect  the  elastomeric 
sleeve,  it  is  customary  to  completely  surround  the 
elastomeric  sleeve  with  a  plurality  of  peripherally 
overlapping,  resilient,  reinforcing  slats  or  ribs.  The 
medial  portions  of  the  reinforcing  ribs  are  surrounded 
by  and  may  be  bonded  to  an  outer  annular  elas- 
tomeric  packing  element  or  cover  of  substantial  wall 
thickness.  Upper  and  lower  securing  assemblies  re- 
spectively  engage  the  ends  of  the  elastomeric  sleeve 
and  the  reinforcing  ribs  and  is  fixedly  and  sealably 
secured  relative  to  a  central  tubular  body.  A  lowersec- 
uring  assembly  is  secured  to  a  sealing  sub  which  is 
mounted  for  slidable  and  sealable  movement  on  the 
exterior  of  the  central  tubular  body,  in  response  to  the 
inflation  forces.  A  structure  of  this  general  type  is 
shown  in  U.S.  patent  number  3,160,21  1  to  MALONE. 

With  inflatable  packers  of  this  type,  very  substan- 
tial  tensile  forces  are  exerted  on  the  reinforcing  slats 
or  ribs  during  the  inflation  of  the  elastomeric  sleeve. 
It  has  been  customary  to  clamp  the  ends  of  the  ribs 
to  the  upper  and  lower  securing  assemblies,  but  such 
clamping  arrangements  are  subject  to  failure  if  the 
inflatable  packer  is  repeatedly  inflated  for  engage- 
ment  with  different  portions  of  the  well  casing  or  con- 
duit  in  which  it  is  inserted. 

More  recently,  the  ends  of  the  flexible  ribs  have 
been  welded  to  an  internal  surface  of  a  securing 
sleeve,  in  the  manner  indicated  in  Fig.  1  of  the  draw- 
ings.  If  the  welding  operation  is  properly  accom- 
plished,  this  provides  a  secure  anchoring  of  the  ends 
of  the  flexible  ribs  to  the  mounting  sleeve,  but  those 
skilled  in  the  art  will  recognize  the  difficulty  of  making 
consistently  good  welds  within  the  relatively  small 
bore  of  a  mounting  sleeve  for  the  inflatable  packing 
element  of  an  inflatable  packer.  If  one  or  more  of  the 
ribs  is  not  property  welded,  such  ribs  will  break  loose 
under  the  tensile  forces  imposed  by  the  inflation  of  the 
elastomeric  sleeve  packer  or  element  which  is  inser- 

ted  within  the  ribs  and,  because  there  is  thus  created 
a  weak  area  in  the  cylindrical  cage  of  the  reinforcing 
ribs,  the  substantial  fluid  pressure  applied  to  the  inflat- 

5  able  elastomeric  sleeve  can  well  push  such  ribs  out  of 
alignment  with  the  other  ribs  and  thus  produce  a 
potential  area  of  breakage  of  the  inflatable  elas- 
tomeric  sleeve  because  it  will  follow  the  outward  dis- 
placement  of  the  unanchored  rib  and  form  a  thin 

10  walled  bubble. 
There  is  a  need  therefore  for  an  anchoring  system 

for  the  peripherally  stacked  cage  of  flexible  reinforcing 
ribs  which  normally  surround  the  inflatable  elas- 
tomeric  sleeve  of  an  inflatable  packer  or  bridge  plug 

15  which  effects  a  reliable  rigid  connection  of  the  ends  of 
the  ribs  to  the  mounting  sleeves  for  the  expansible 
packing  element. 

SUMMARY  OF  THE  INVENTION 
20 

In  accordance  with  this  invention,  the  ends  of  the 
cylindrical  cage  of  peripherally  overlapped  slats  or 
ribs  surrounding  an  inflatable  elastomeric  sleeve  of  an 
inflatable  packing  element  are  respectively  welded  to 

25  an  external  surface  of  a  force  transmitting  sleeve. 
Such  force  transmitting  sleeve  is  further  provided  with 
an  external  shoulder  which  is  disposed  in  abutting 
relationship  with  an  internal  shoulder  provided  on  the 
respective  mounting  sleeve  for  securing  the  entire 

30  inflatable  assemblage  to  the  body  of  the  inflatable 
packer  or  bridge  plug.  Additionally,  the  location  of  the 
abutting  shoulders  is  deliberately  selected  so  as  to 
provide  an  axial  length  of  the  circumferential  array  of 
resilient  slats  or  ribs  in  frictional  contact  with  the  inter- 

35  nal  bore  of  the  mounting  sleeve.  Such  frictional  for- 
ces,  which  are  greatly  increased  through  the 
application  of  the  inflation  pressures  to  the  apparatus, 
significantly  reduce  the  tensile  forces  applied  to  the 
welds,  hence  minimizing  the  opportunity  for  any  indi- 

40  vidual  rib  to  break  at  its  weld. 
Further  advantages  of  the  invention  will  be  readily 

apparent  to  those  skilled  in  the  art  from  the  following 
detailed  description,  taken  in  conjunction  with  the 
annexed  sheets  of  drawings,  on  which  is  shown  a  pre- 

45  ferred  embodiment  of  the  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  combination  perspective  and  sectional 
so  view  illustrating  a  prior  art  method  of  welding  the  ends 

of  the  reinforcing  ribs  to  the  mounting  sleeve  of  an 
inflatable  packer. 

Fig.  2  is  a  vertical  quarter  sectional  view  of  the 
mounting  sleeve  portion  of  an  inflatable  packer  whe- 

55  rein  the  reinforcing  ribs  are  secured  by  utilization  of 
the  construction  of  this  invention. 
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surface  of  anchor  body  1  cooperates  with  an  internal 
body  tube  2  to  define  an  annular  passage  1c  and 
radial  ports  1d  for  application  of  fluid  pressure  to  the 
interior  of  the  elastomeric  sleeve  30.  The  application 
and  maintenance  of  fluid  pressure  on  the  interior  of 
the  elastomeric  sleeve  30  is  accomplished  in  a  man- 
ner  well  known  in  the  art  and  fully  disclosed  in  the 
aforementioned  patents,  hence  further  description  is 
deemed  unnecessary.  Thus,  when  such  fluid  press- 
ure  is  applied  through  the  fluid  passage  1c,  the  inflat- 
able  packing  element  10  is  expanded  to  assume  the 
configuration  illustrated  in  Fig.  3.  The  tensile  forces 
developed  in  the  ribs  12  by  such  expansion  are  trans- 
mitted  by  the  welds  W  to  the  force  transmitting  sleeve 
or  end  ring  14  and  by  the  peripheral  shoulder  14a  to 
the  mounting  sleeve  20  and  the  anchor  body  1  . 

As  best  shown  in  Fig.  3,  the  location  of  the  force 
transmitting  sleeve  14  relative  to  the  length  of  the 
mounting  sleeve  20  is  an  important  feature  of  this 
invention.  The  force  transmitting  sleeve  is  preferably 
located  above  the  central  or  medial  portion  of  the 
mounting  sleeve  20  so  that  a  substantial  length  of  the 
ribs  12  are  disposed  in  frictional  engagement  with  the 
bore  20b  of  the  mounting  sleeve  20.  These  frictional 
forces  are  substantially  increased  by  the  fluid  press- 
ure  forces  illustrated  by  the  arrows  shown  in  Fig.  3  and 
result  from  the  application  of  the  inflation  pressure. 

It  will  be  therefore  be  readily  apparent  to  those 
skilled  in  the  art  that  a  very  substantial  frictional  force 
may  be  developed  to  resist  the  tensile  forces  exerted 
on  the  reinforcing  ribs  12  by  the  inflation  of  the  elas- 
tomeric  sleeve  30.  Such  frictional  forces  substantially 
diminish  the  tensile  forces  exerted  on  the  welds  W 
and  thus  provide  further  insurance  against  the  sepa- 
ration  of  any  of  the  welds  W. 

While  only  the  mounting  structure  for  one  end  of 
the  inflatable  packing  element  10  has  been  shown, 
those  skilled  in  the  art  will  recognize  that  the  other  end 
of  the  element  is  of  identical  construction.  Thus,  the 
other  ends  of  the  reinforcing  ribs  12  are  secured  by 
external  welds  W  to  a  force  transmitting  sleeve  which 
is  identical  to  sleeve  or  ring  14  except  that  it  will  be  dis- 
posed  in  a  vertically  reversed  relationship. 

The  aforedescribed  construction  resolves  a 
troublesome  constructural  defect  of  inflatable  packers 
or  bridge  plugs  through  not  only  the  substantial  elimi- 
nation  of  welding  defects  caused  by  performing  rib 
welds  in  an  internal  bore,  but  also  significantly 
reduces  the  tensile  forces  applied  to  the  welds 
through  the  utilization  of  an  extended  longitudinal 
bore  area  of  the  mounting  sleeve  in  frictional  contact 
with  the  reinforcing  ribs  12  when  such  ribs  are  expan- 
ded  by  inflation  pressure. 

Although  the  invention  has  been  described  in 
terms  of  specified  embodiments  which  are  set  forth  in 
detail,  it  should  be  understood  that  this  is  by  illus- 
tration  only  and  that  the  invention  is  not  necessarily 
limited  thereto,  since  alternative  embodiments  and 

Fig.  3  is  a  view  similar  to  Fig.  2  but  illustrating  the 
effects  of  application  of  inflation  pressures  to  the  elas- 
tomeric  sleeve  of  the  mounting  construction  of  Fig.  1  . 

Fig.  4  is  an  enlarged  scale  sectional  view  taken 
on  the  plane  4-4  of  Fig.  2.  5 

DESCRIPTION  OF  PREFERRED  EMBODIMENT 

Referring  to  Fig.  1  ,  a  prior  art  construction  for  sec- 
uring  the  reinforcing  ribs  of  an  inflatable  element  for  10 
an  inflatable  packer  or  bridge  plug  is  shown.  The  ends 
of  each  ribs  is  welded  to  an  interior  surface  of  a  mount- 
ing  sleeve.  After  the  welding  operation,  a  sleeve  of 
elastomeric  material  (not  shown)  is  inserted  within  the 
rib  cage  and  the  end  secured  in  conventional  fashion.  15 
It  should  be  noted,  however,  that  the  welding  has  to 
be  accomplished  in  a  small  internal  bore  surface  and 
this  is  recognized  to  be  a  difficult  procedure  to  consis- 
tently  produce  good  welds  for  each  of  the  multitude  of 
reinforcing  ribs.  20 

Referring  now  to  Fig.  2,  only  the  upper  securing 
portion  of  the  inflatable  element  of  an  inflatable  packer 
or  bridge  plug  is  shown.  All  other  elements  of  the 
inflatable  packer  or  bridge  plug,  including  the  valving 
apparatus  for  supplying  inflation  pressures  are  well  25 
known  in  the  art.  See  for  example,  U.S.  Patent  No. 
4,832,120;  U.S.  Patent  No.  4,708,208;  and  U.S. 
Patent  No.  4,805,699,  and  the  disclosures  of  such 
patents  are  hereby  incorporated  by  reference. 

Inflatable  element  10  comprises  a  cylindrical  30 
cage  of  peripherally  overlapping  flexible  metal  slats  or 
ribs  12,  the  configuration  of  which  is  best  shown  in  the 
enlarged  sectional  view  of  Fig.  4.  The  ends  12a  of 
such  ribs  are  welded  to  a  force  transmitting  sleeve  or 
end  ring  14  by  a  weld  W  which  is  accomplished  after  35 
the  insertion  of  the  ribs  through  a  mounting  sleeve  or 
anchor  sleeve  20.  The  force  transmitting  sleeve  14  is 
provided  with  an  external  shoulder  14a  which  cooper- 
ates  with  an  internal  shoulder  20a  provided  on  a 
medial  portion  of  mounting  sleeve  20  for  transmitting  40 
tensile  forces  exerted  on  the  ribs  12  to  the  mounting 
sleeve  20. 

An  inflatable  tube  or  sleeve  30  of  elastomeric  ma- 
terial  is  inserted  within  the  bore  of  the  rib  cage  12  and 
passes  through  the  bore  1  4b  of  the  force  transmitting  45 
sleeve  14.  A  tube  retainer  11  is  installed  inside  the 
mounting  sleeve  or  anchor  sleeve  20,  radially  forcing 
the  inflatable  tube  or  sleeve  30  of  elastomeric  material 
to  extrude  and  engage  in  appropriate  circumferential 
grooves  20c  formed  in  mounting  sleeve  20.  Anchor  50 
body  1  is  provided  with  external  threads  1  b  for  thread- 
ably  engaging  the  upper  end  of  the  mounting  sleeve 
20.  Such  threads  are  sealed  by  an  0-ring  1e. 

A  cover  portion  35  of  elastomeric  material  is  bon- 
ded  to  the  medial  portions  of  the  rib  cage  1  2  to  provide  55 
a  sealing  contact  with  the  bore  of  a  well  or  well  con- 
duit,  as  is  customary. 

As  is  customary  in  inflatable  packers,  the  internal 
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operating  techniques  will  become  apparent  to  those 
skilled  in  the  art  in  view  of  the  disclosure.  Accordingly, 
modifications  are  contemplated  which  can  be  made 
without  departing  from  the  spirit  of  the  described 
invention. 

4.  The  apparatus  of  Claim  3  wherein  said  internal 
annular  shoulder  (20)  is  respectively  disposed  in 
a  medial  location  in  the  anchor  sleeve  (20), 
whereby  a  substantial  length  of  the  ends  of  said 

5  ribs  (1  2)  are  respectively  expanded  by  said  tubu- 
lar  elastomeric  body  (30)  into  frictional  engage- 
ment  with  the  bores  of  said  anchor  sleeve  (20), 
thereby  absorbing  a  portion  of  said  tensile  forces. 

w  5.  An  inflatable  packing  element  (10)  for  use  in  a 
subterranean  well  comprising,  in  combination: 

a  pair  of  tubular  bodies  (20)  having  inter- 
nally  projecting  annular  shoulders  (20a); 

a  pair  of  end  rings  (14)  formed  of  a  weld- 
15  able  material  and  respectively  insertable  in  said 

tubular  bodies  (20); 
a  plurality  of  elongated  flexible  ribs  (12) 

also  formed  of  a  weldable  material; 
said  ribs  (12)  being  disposed  in  a  cylindri- 

20  cal,  overlapping  array,  with  each  rib  (12)  having 
its  opposite  ends  respectively  welded  to  the 
exterior  of  said  end  rings  (14); 

a  sleeve  of  elastomeric  material  inserted  in 
said  cylindrical  array  of  ribs  (12); 

25  an  external  load  carrying  shoulder  (14a) 
on  each  said  ring  (14);  and 

said  load  carrying  external  shoulders  (14a) 
being  respectively  sbuttable  with  said  internal 
shoulders  (20a)  of  said  tubular  bodies  (20)  to 

30  transmit  tension  loads  imposed  on  said  ribs  (12) 
by  inflation  of  said  elastomeric  sleeve  (30). 

6.  The  apparatus  of  Claim  3  wherein  said  internal 
annular  shoulders  (20a)  are  respectively  located 

35  in  medial  portions  of  said  tubular  bodies  (20)  and 
the  end  portions  of  said  ribs  (12)  are  respectively 
frictbnally  engaged  with  a  substantial  portion  of 
the  interior  surfaces  of  said  tubular  bodies  (20). 

40  7.  An  inflatable  packing  element  (1  0)  for  use  in  sub- 
terranean  well,  comprising: 

a  tubular  elastomeric  body  (30); 
elongated,  peripherally  adjacent  reinforc- 

ing  means  (12)  snugly  surrounding  at  least  the 
45  medial  portion  of  said  tubularelastomeric  body  (30); 

a  force  transmitting  sleeve  (14)  externally 
secured  to  at  least  one  end  of  said  reinforcing 
means  (12)  and  defining  an  external  load  trans- 
mitting  shoulder  (14a);  and 

so  mounting  means  (20)  for  said  load  force 
transmitting  sleeve  (14),  said  mounting  means 
(20)  defining  an  internal  shoulder  (20a)  sbuttable 
with  said  force  transmitting  external  shoulder 
(14a)  of  said  force  transmitting  sleeve  (14), 

55  thereby  transmitting  to  said  mounting  means  (20) 
the  tensile  forces  produced  by  said  reinforcing 
means  (12)  by  fluid  pressure  expansion  of  said 
tubular  elastomeric  body  (30). 

Claims 

1.  An  inflatable  packing  element  (10)  for  use  in  a 
subterranean  well  comprising: 

a  tubular  elastomeric  body  (30); 
a  plurality  of  elongated,  peripherally  adja- 

cent,  flexible  metal  ribs  (12)  snugly  surrounding  at 
least  the  medial  portion  of  said  tubular  elas- 
tomeric  body  (30); 

a  force  transmitting  sleeve  (14)  externally 
welded  to  at  least  one  end  of  each  said  metal  ribs 
(12)  and  defining  an  external  load  transmitting 
shoulder  (14a);  and 

a  mounting  sleeve  (20)  for  said  force  trans- 
mitting  sleeve  (14)  defining  an  internal  shoulder 
(20a)  abuttable  with  said  force  transmitting  exter- 
nal  shoulder  (14a)  of  said  force  transmitting 
sleeve  (14),  thereby  transmitting  to  said  mounting 
sleeve  (20)  the  tensile  forces  produced  in  said 
ribs  (12)  by  fluid  pressure  expansion  of  said  tubu- 
lar  elastomeric  body  (30). 

2.  The  apparatus  of  Claim  1  wherein  said  internal 
shoulder  (20a)  is  disposed  in  a  medial  location  in 
the  mounting  sleeve  (20),  whereby  a  length  of  the 
ends  of  said  ribs  (12)  is  moved  by  expansion  of 
said  tubular  elastomeric  body  (30)  into  frictional 
engagement  with  the  bore  of  said  mounting 
sleeve  (20),  thereby  absorbing  a  portion  of  said 
tensile  forces. 

3.  An  inflatable  packing  element  (10)  for  use  in  a 
subterranean  well  comprising: 

a  tubular  elastomeric  body  (30); 
a  plurality  of  elongated,  peripherally  adja- 

cent,  flexible  metal  ribs  (12)  snugly  surrounding  at 
least  the  medial  portion  of  said  tubular  elas- 
tomeric  body  (30); 

a  load  transmitting  means  (14)  externally 
welded  to  each  end  of  said  metal  ribs  (12)  and 
defining  an  external  load  transmitting  shoulder 
(14a);  and 

an  anchor  sleeve  (20)  for  each  said  load 
transmitting  means  (14),  said  anchor  sleeve  (20) 
defining  an  internal  shoulder  (20a)  abuttable  with 
the  respective  load  transmitting  external  shoulder 
(14a)  of  said  load  transmitting  means  (14), 
thereby  transmitting  to  said  anchor  sleeve  (20) 
the  tensile  forces  produced  in  said  ribs  (12)  by 
fluid  pressure  expansion  of  said  tubular  elas- 
tomeric  body  (30). 
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