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©  Ram  type  blowout  preventer  with  improved  seal. 
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©  There  is  disclosed  a  ram  type  blowout  preventer 
(20)  wherein  the  outer  ends  of  guideways  (23)  radiat- 
ing  from  the  bore  (22)  of  the  body  (21)  to  receive  the 
rams  (24)  are  closed  by  bonnets  (25)  bolted  to  the 
body  (21)  and  sealed  with  respect  to  the  body  (21) 
by  a  seal  assembly  received  in  a  recess  in  the  inner 
face  (35)  of  the  bonnet  (25)  for  sealing  between  the 
inner  face  (35)  of  the  bonnet  (25)  and  the  outer  face 
(21a)  of  the  body  (21)  about  the  outer  end  of  the 
guideway  (23)  to  contain  internal  pressure  in  the 
preventer  (20). 

FIG.  5  
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This  invention  relates  generally  to  blowout  pre- 
venters  for  closing  about  a  pipe  or  other  objects  in 
the  bore  or  across  an  open  bore  of  a  housing 
mounted  on  a  wellhead.  More  particularly,  it  relates 
to  improvements  in  ram  type  blowout  preventers 
wherein  rams  are  slidable  within  guide-ways  ex- 
tending  radially  from  the  bore  between  inner  posi- 
tions  to  engage  one  another  to  close  the  bore  and 
outer  positions  to  open  the  bore. 

Conventionally,  bonnets  are  mounted  on  the 
body  for  movement  between  positions  opening  and 
closing  the  outer  ends  of  the  guideways  to  permit 
the  rams  to  be  installed  within  or  removed  from  the 
guideways.  Hydraulic  operators  mounted  on  the 
bonnets  include  a  rod  extending  through  the  bon- 
net  for  connection  with  the  rams.  The  bonnets  may 
be  hinged  to  the  body  for  swinging  between 
opened  and  closed  positions,  or  they  may  be  so 
moved  by  the  hydraulic  operators.  In  either  case, 
the  inner  faces  of  the  bonnets  are  forced  into  tight 
engagement  with  the  outer  faces  of  the  body  by 
bolts  connecting  the  bonnet  to  the  body. 

Packings  are  carried  on  the  inner  face  of  the 
bonnet  to  sealably  engage  the  outer  face  of  the 
body  in  an  effort  to  contain  the  fluid  pressure  in  the 
preventer  bore,  and  thus  in  the  guideways.  As  a 
practical  matter,  however,  neither  face  is  perfectly 
flat  so  that  there  are  gaps  between  them  even 
when  forced  against  one  another  as  the  bolts  are 
made  up.  Also,  the  fluid  pressure  in  the  preventer 
may  be  so  high  as  to  cause  the  bonnet  to  bend 
outwardly,  thus  tending  to  create  even  greater  gaps 
between  the  faces  into  which  the  packing  may 
extrude,  in  addition  to  those  gaps  which  normally 
result  from  deflection  of  the  bolts  due  to  the  inter- 
nal  pressure,  whereby  the  large  gaps  which  occur 
because  of  deflection  are  very  difficult  to  seal  un- 
der  conditions  of  high/low  temperatures  and  high 
pressure.  As  a  result,  it  has  been  the  practice  to 
make  up  the  bolts  with  greater  and  greater  torque, 
all  of  which  is  time-consuming.  Furthermore,  many 
preventer  bodies  and  bonnets  are  of  such  configu- 
ration  that  they  cannot  be  connected  by  a  full  circle 
of  bolts,  thus  leaving  potential  leak  paths. 

The  object  of  this  invention  is  to  provide  a  ram 
type  blowout  preventer  of  the  type  described  in 
which  the  body  and  bonnet  faces  are  so  sealed 
with  respect  to  one  another  as  to  overcome  these 
and  other  problems;  and,  more  particularly,  to  pro- 
vide  such  a  preventer  having  means  for  sealing 
between  the  faces  which  is  of  such  construction  as 
to  eliminate  gaps  between  the  faces  of  the  bonnet 
and  body  through  which  leaks  might  occur  without 
having  to  overtorque  the  bolts. 

These  and  other  objects  are  accomplished,  in 
accordance  with  the  illustrated  and  preferred  em- 
bodiment  of  the  invention,  by  a  ram  type  blowout 
preventer  of  the  type  described  in  which  the  bon- 

net  has  a  recess  in  its  inner  face  to  form  a  periph- 
eral  wall  and  an  end  wall  opposite  the  outer  face  of 
the  body  when  the  bonnet  is  closed,  and  a  metal 
ring  mounted  on  the  bonnet  for  limited  axial  and 

5  radial  movement  within  the  recess  carries  a  first 
elastomeric  ring  on  its  inner  side  for  sealing  against 
the  face  of  the  body.  Means  such  as  a  spring  acts 
between  the  inner  wall  of  the  recess  and  the  metal 
ring  to  yieldably  urge  the  inner  side  of  the  metal 

io  ring  toward  said  outer  face  of  the  bonnet,  and  a 
second  elastomeric  ring  is  carried  about  the  outer 
periphery  of  the  metal  ring  for  sealing  against  the 
peripheral  wall  of  the  recess  about  an  area  which  is 
greater  than  the  area  of  the  sealing  engagement  of 

75  the  first  elastomeric  ring  with  the  bonnet  face  and 
spaced  outwardly  therefrom,  whereby  fluid  pres- 
sure  in  the  guideway  is  effective  to  urge  the  metal 
ring  toward  the  outer  bonnet  face  and  at  the  same 
time  expand  its  outer  circumference  toward  said 

20  peripheral  wall  of  the  recess.  More  particularly,  the 
metal  ring  is  of  such  construction  that  its  inner  side 
is  tightly  engaged  against  the  outer  face  of  the 
body  prior  to  radial  expansion  of  the  ring  periphery 
thereof  and  tightly  against  the  peripheral  wall  of  the 

25  recess,  thus  assuring  that  gaps  between  the  body 
and  bonnet  surfaces  are  closed  to  prevent  ex- 
trusion  of  the  elastomeric  rings  between  them. 

In  the  illustrated  embodiment  of  the  invention, 
the  metal  ring  has  holes  extending  therethrough 

30  from  its  inner  to  its  outer  sides,  and  bolts  extend 
loosely  through  the  holes  and  into  the  end  wall  of 
the  recess  and  have  enlarged  outer  ends  to  retain 
the  metal  ring  on  the  bonnet  while  permitting  it  to 
move  limited  distances  radially  as  well  as  axially  of 

35  the  bolts. 
In  the  drawings,  wherein  like  reference  char- 

acters  are  used  throughout  to  designate  like  parts: 
FIG.  1  is  a  side  view  of  a  blowout  preventer 
constructed  in  accordance  with  the  preferred 

40  embodiment  of  the  invention  and  with  its  left 
end  in  elevation  and  right  end  in  vertical  section, 
and  showing  the  bonnets  closed  and  at  least  the 
right-hand  ram  withdrawn  to  its  open  position; 
FIG.  2  is  a  top  view  of  the  preventer,  as  seen 

45  along  broken  lines  2-2  of  FIG.  1,  and  with  its 
left  end  in  plan  and  its  right  end  partly  broken 
away; 
FIG.  3  is  a  view  of  the  end  of  the  preventer,  as 
seen  along  broken  lines  3-3  of  FIG.  1; 

50  FIG.  4  is  a  somewhat  enlarged  cross-sectional 
view  of  the  preventer,  as  seen  along  broken 
lines  4-4  of  FIG.  1  ;  and 
FIG.  5  is  an  enlarged  cross-sectional  view  of  a 
part  of  the  preventer  indicated  by  the  circle  "5" 

55  of  FIG.  1,  and  showing  the  details  of  the  assem- 
bly  which  seals  between  the  body  and  bonnet 
faces. 

2 
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With  reference  now  to  the  details  of  the  above 
described  drawings,  the  overall  preventer,  which  is 
indicated  in  its  entirety  by  reference  character  20, 
comprises  a  body  21  having  a  bore  22  thereth- 
rough  and  means  such  as  a  flange  on  its  lower 
end,  so  that  as  well-known  in  the  art,  it  may  be 
installed  on  the  upper  end  of  a  wellhead  to  form  an 
upper  continuation  of  the  bore  through  the  wellhead 
and  thus  to  receive  pipe,  such  as  drill  pipe,  as  it  is 
being  lowered  into  or  raised  from  within  the  well- 
head  and  thus  the  well  therebelow. 

As  previously  described,  the  body  also  has 
guideways  23  extending  from  its  bore  and  through 
the  body  generally  radially  opposite  one  another 
(only  the  right-hand  guideway  being  shown  in 
FIGS.  1  and  2),  and  a  ram  24  is  slidable  within 
each  guideway  for  movement  between  an  inner 
position  in  which  its  inner  end  engages  the  inner 
end  of  another  ram,  and  an  outer  position,  as 
shown  in  FIGS.  1  and  2,  wherein  it  opens  the  bore. 
As  shown,  the  rams  have  recesses  on  their  inner 
ends  for  fitting  closely  about  a  pipe  within  the  bore, 
and  carry  seal  members  across  its  front  face  and 
along  the  opposite  sides  and  over  the  top  of  the 
ram  for  sealing  with  respect  to  a  pipe  in  the  bore 
and  an  opposed  ram  as  well  as  with  respect  to  the 
guideway  in  the  preventer  body  when  the  rams  are 
closed. 

The  outer  end  of  each  guideway  is  adapted  to 
be  opened  and  closed  by  means  of  a  bonnet  25 
releasably  connected  to  the  body  by  means  of 
threaded  bolts  26.  As  will  be  described  in  detail  to 
follow,  when  the  bonnet  is  so  connected,  its  inner 
face  27  is  sealed  with  respect  to  an  outer  face  28 
on  the  body  which  surrounds  the  outer  end  of  the 
guideway  23  so  as  to  contain  fluid  pressure  within 
the  preventer. 

The  rams  are  adapted  to  be  moved  between 
open  and  closed  positions  by  operating  means 
including  a  cylinder  29  mounted  on  the  outer  side 
of  the  bonnet  25,  and  a  piston  30  sealably  recipro- 
cal  in  the  cylinder  and  having  a  rod  31  which 
extends  through  a  hole  in  the  bonnet  to  connect 
with  the  ram  24.  Thus,  in  a  manner  well-known  in 
the  art,  hydraulic  fluid  may  be  selectively  intro- 
duced  to  and  exhausted  from  opposite  sides  of  the 
piston  30  in  the  cylinder  29  for  selectively  moving 
the  ram  between  its  open  and  closed  positions. 

A  hinge  32  connects  the  bonnet  to  the  body  for 
swinging  about  hinge  pin  33  between  open  and 
closed  positions  when  it  has  been  disconnected 
from  the  body  by  backing  off  the  bolts  26.  The 
outer  end  of  the  guideway  would  be  suitably  en- 
larged  to  permit  the  ram  to  move  freely  into  and 
out  of  the  guideway  when  the  ram  is  in  its  outer 
open  position. 

As  shown  in  FIGS.  3  and  4,  the  preventer  body 
is  of  generally  square  construction,  while  the  bon- 

net  25  is  more  rectangular  due  primarily  to  its 
lesser  height.  Thus,  as  shown  in  these  figures, 
there  is  no  room  for  bolts  26  along  the  top  and 
bottom  of  the  bonnet. 

5  As  previously  described,  and  in  accordance 
with  the  novel  aspects  of  the  present  invention,  the 
inner  face  27  of  each  bonnet  has  an  annular  recess 
formed  therein  which,  as  shown,  is  cylindrical,  but 
which  may  be  of  other  configuration,  such  as  oval. 

io  The  recess  has  a  peripheral  wall  34  and  an  end 
wall  35  which  is  opposite  the  outer  face  21  A  of  the 
preventer  body,  and  a  seal  assembly,  including  a 
metal  ring  36,  is  mounted  in  the  recess  for  limited 
axial  and  radial  movement  within  the  recess.  More 

is  particularly,  the  assembly  also  includes  a  first 
elastomeric  ring  37  which  is  received  in  a  groove 
about  the  inner  side  of  the  metal  ring  for  engaging 
the  outer  face  21  A  of  the  body.  As  shown,  the  seal 
ring  is  an  O-ring  having  a  diameter  greater  than  the 

20  depth  of  the  recess  so  as  to  protrude  therefrom, 
and  a  wavy  spring  39  is  received  within  a  groove 
41  about  the  outer  side  of  the  metal  ring  in  position 
to  be  axially  compressed  between  the  bottom  of 
the  groove  and  the  end  wall  35  of  the  bonnet 

25  recess,  whereby  the  metal  ring  is  urged  inwardly 
toward  the  body  face  21  A  so  as  to  compress  the 
seal  ring  37  between  the  face  and  bottom  of  the 
groove  in  the  metal  ring. 

As  previously  described,  the  assembly  also 
30  includes  another  elastomeric  seal  ring  40  which  is 

received  in  a  groove  41  about  the  outer  circum- 
ference  of  the  metal  ring  opposite  the  peripheral 
wall  34  of  the  recess.  As  shown,  this  ring  40  is  also 
an  O-ring  and  has  a  diameter  greater  than  the 

35  depth  of  the  groove  41  so  as  to  protrude  therefrom 
and  thus  sealably  engage  the  wall  34.  There  is  also 
a  back-up  ring  40A  in  the  groove  41  on  the  inner 
side  of  seal  ring  40. 

Of  course,  the  seal  rings  37  and  40  may  be 
40  other  than  O-rings,  such  as  lips  arranged  to  face 

the  internal  pressure.  Also,  means  other  than  the 
wavy  spring  39,  such  as  an  O-ring  may  be  com- 
pressed  axially  between  the  groove  and  end  wall  of 
the  recess,  may  be  used  to  initially  urge  the  inner 

45  side  of  the  metal  ring  against  the  outer  face  21  A. 
As  also  previously  described,  and  as  best 

shown  in  FIG.  5,  the  O-ring  40  sealably  engages 
the  peripheral  wall  of  the  recess  about  an  area 
greater  than  the  area  with  which  the  seal  ring  37 

50  sealably  engages  the  face  21  A  of  the  preventer 
body.  Hence,  fluid  pressure  in  the  guideway  of  the 
preventer  is  effective  to  urge  the  metal  ring  in- 
wardly  against  the  face  21  A  with  a  force  equal  to 
that  pressure  times  an  annular  area  equal  to  the 

55  difference  between  the  outer  diameter  of  the  O-ring 
40  and  the  sealing  diameter  of  the  seal  ring  38. 

At  the  same  time,  since  the  O-ring  40  sealably 
engages  the  cylindrical  wall  34  outwardly  from  the 

3 
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preventer  body  face  21  A  which  is  sealably  en- 
gaged  by  the  O-ring  37,  the  metal  ring  is  urged 
radially  outwardly  toward  the  wall  34  by  a  force 
equal  to  the  internal  pressure  times  an  annular  area 
intermediate  the  sealing  engagement  of  the  O-ring 
37  with  the  face  21  A  and  the  sealing  engagement 
of  the  O-ring  40  with  the  wall  34.  More  particularly, 
as  as  previously  described,  the  ring  is  of  such  size 
and  shape  that  the  internal  pressure  will  force  the 
inner  side  of  the  metal  ring  tightly  against  the  outer 
face  of  the  body  prior  to  radial  expansion  of  its 
periphery  against  the  peripheral  wall  of  the  recess. 

The  selection  of  the  shape  of  the  ring  as  well 
as  the  above  described  annular  sealing  areas  for 
accomplishing  this  object  would  be  obvious  to  a 
person  skilled  in  the  art  in  view  of  the  novel  con- 
cept  of  the  present  invention.  Thus,  for  example, 
the  metal  ring  should  not  be  so  thin  relative  to  its 
length  as  to  be  too  stiff  in  an  axial  direction  to 
conform  to  the  outer  face  of  the  preventer  body,  or 
to  lack  sufficient  stiffness  radially  to  cause  its  outer 
periphery  to  engage  the  peripheral  wall  of  the 
recess  too  soon  and  thus  lock  it  within  the  recess 
prior  to  axial  movement  of  its  inner  side  against  the 
face  21  A  of  the  body.  In  like  manner,  the  metal  ring 
should  not  be  so  thick  in  a  radial  direction  as  to 
prevent  its  outer  periphery  from  conforming  to  the 
peripheral  wall,  following  conforming  of  its  inner 
side  against  the  outer  face  of  the  body,  so  as  to 
close  gaps  through  which  seal  ring  40  might  ex- 
trude.  A  further  consideration,  of  course,  is  the 
location  of  the  seal  ring  40  so  as  to  provide  an 
annular  area  over  which  internal  pressure  acts  to 
provide  the  force  necessary  to  fully  expand  the 
metal  ring. 

As  shown  on  the  drawings,  the  areas  Af  and  A0 
are  respectively  the  unbalanced  area  of  the  seal 
face  of  the  ring  and  the  unbalanced  area  about  the 
outer  periphery  of  the  ring.  The  minimum  area  A0 
for  a  given  Af,  in  order  to  accomplish  the  purposes 
of  the  present  invention,  may  be  calculated  in 
accordance  with  the  following  equations,  wherein: 

P  =  Internal  Blowout  Preventer  Pressure 
Pe  =  Pressure  to  overcome  ring  stiffness 
Pf  =  Pressure  to  overcome  frictional  resis- 

tance  between  inner  end  of  ring  and 
outer  face  of  preventer  body 

Pc  =  Internal  Blowout  Pressure  at  which  ring 
is  expanded  to  close  the  gap  (The  gap 
is  usually  .005"  or  more  with  the  ring 
at  rest.) 

F0  =  Reaction  force  on  the  face  A0 
Ff  =  Reaction  force  on  the  face  Af 
M.  =  Assumed  coefficient  of  friction. 
N  =  Safety  factor 

Expansion  of  the  ring  into  contact  with  the 
peripheral  wall  of  the  cavity  34  is  resisted  by  the 
stiffness  of  the  ring  plus  the  frictional  sliding  force 

of  the  ring  against  the  outer  face  21  A  of  the  body. 
The  pressure  Pc  for  so  expanding  the  ring  is  the 
sum  of  pressures  Pe  and  Pf,  and  the  pressure  Pf 
for  overcoming  frictional  resistance  equals  u.  Ff/Af. 

5  Ff  =  Pc  (Af)  so  that,  by  substituting: 

Pf  =  u  (Pc),  and 
Pc  =  Pe  +  u  (Pc) 

io  Consequently: 

Pc  =  Pe/(1  -  U). 

In  the  case  of  a  circular  ring,  Pe  is  found  by 
is  solving  the  equation  for  expansion  of  an  open  end, 

thick-walled  cylinder  (see  Roark,  Formulas  for 
Stress  and  Strain).  As  is  well-known  in  the  art,  the 
equation  for  a  noncircular  ring  will  involve  addi- 
tional  factors. 

20  Thus,  the  force  required  to  expand  the  ring  into 
contact  with  the  peripheral  surface  of  the  cavity 
equals  PC(A0),  and  the  sum  of  forces  F0  in  the 
radial  direction  is  P(A0)  -  PC(A0),  wherein,  as  above 
noted,  F0  is  the  reaction  to  the  pressure-induced 

25  force  of  the  ring  on  the  peripheral  wall  upon  con- 
tact. 

Using  the  safety  factor  N,  the  desired  relation- 
ship  of  the  forces  on  the  axial  direction  is 

so  P(A,)  =  N(u)(F0) 

Substituting  for  F0: 

P(A0)  =  P(A,)/N(n)  +  PC(A0). 
35 

Solving  for  the  desired  area  ratio: 

Af/Ao  =  N(n)(1-Pc/P) 
40 

The  area  ratio  calculated  from  this  equation  is 
a  minimum  value.  Once  Af  has  been  determined, 
this  equation  allows  the  calculation  of  the  maximum 
value  for  A0  for  dependable  functioning  of  the  bon- 

45  net  seal  ring.  These  equations  hold  for  both  circular 
and  non-circular  seal  rings. 

The  metal  ring  36  is  mounted  on  the  bonnet  by 
a  pair  of  spaced-apart  bolts  42  which  extend 
through  holes  43  in  the  ring  and  which  are 

50  threadedly  connected  at  their  inner  ends  to  thread- 
ed  sockets  in  the  end  wall  of  the  recess.  As  shown, 
the  holes  43  are  substantially  larger  than  the  diam- 
eters  of  the  bolts  42  so  as  to  permit  limited  radial 
movement  of  the  metal  ring  with  respect  to  the 

55  bolts,  as  may  be  necessary  to  enable  the  metal 
ring  to  be  forced  radially  outwardly  by  internal 
pressure,  as  previously  described. 

4 
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The  metal  ring  is  retained  on  the  bonnet  by  an 
enlarged  head  44  received  in  a  recess  45  on  the 
inner  side  of  the  metal  ring.  Thus,  as  shown,  the 
heads  44  are  larger  than  the  holes  43.  On  the  other 
hand,  there  is  sufficient  space  between  the  en- 
larged  heads  44  and  the  inner  ends  of  the  recesses 
45  to  permit  sufficient  axial  movement  of  the  metal 
ring  with  respect  to  the  bolt  in  order  to  accomplish 
the  purposes  of  this  invention. 

From  the  foregoing  it  will  be  seen  that  this 
invention  is  one  well  adapted  to  attain  all  of  the 
ends  and  objects  hereinabove  set  forth,  together 
with  other  advantages  which  are  obvious  and  which 
are  inherent  to  the  apparatus. 

It  will  be  understood  that  certain  features  and 
subcombinations  are  of  utility  and  may  be  em- 
ployed  without  reference  to  other  features  and  sub- 
combinations.  This  is  contemplated  by  and  is  with- 
in  the  scope  of  the  claims. 

As  many  possible  embodiments  may  be  made 
of  the  invention  without  departing  from  the  scope 
thereof,  it  is  to  be  understood  that  all  matter  herein 
set  forth  or  shown  in  the  accompanying  drawings  is 
to  be  interpreted  as  illustrative  and  not  in  a  limiting 
sense. 

Claims 

1.  A  ram  type  blowout  preventer  (20),  comprising 
a  body  (21)  having  a  bore  (22)  therethrough 
and  guideways  (23)  extending  radially  outward- 
ly  from  the  bore  (22),  rams  (24)  each  slidable 
within  a  guideway  (23)  between  inner  positions 
engaging  one  another  to  close  the  bore  (22) 
and  outer  positions  to  open  the  bore  (22), 
bonnets  (25)  mounted  on  the  body  (21)  each 
for  movement  between  positions  opening  and 
closing  the  outer  end  of  a  guideway  (23),  op- 
erating  means  (29)  including  a  rod  (31)  extend- 
ing  through  the  bonnet  (25)  for  connection  to 
each  ram  (24)  in  order  to  move  the  ram  (24) 
between  opened  and  closed  positions,  bolts 
(26)  connecting  the  bonnets  (25)  to  the  body 
(21)  for  forcing  an  inner  face  (27)  of  each 
bonnet  (25)  against  an  outer  face  (28)  of  the 
body  (21)  about  the  outer  end  of  the  guideway 
(23),  and  means  for  sealing  between  the  faces 
of  the  body  (21)  and  each  bonnet  (25)  in  the 
closed  position  of  the  bonnet  (25),  character- 
ized  in  that  said  sealing  means  include  a  pe- 
ripheral  wall  (34)  on  one  end  and  an  end  wall 
(21a,  35)  on  the  other  of  the  bonnet  (25)  and 
body  faces  (21),  a  metal  ring  (36)  between  the 
bonnet  (25)  and  body  (21)  for  limited  axial  and 
radial  movement  with  respect  thereto,  a  first 
seal  ring  (37)  mounted  on  a  side  of  the  metal 
ring  (36)  for  sealing  against  the  end  wall  (21a, 
35),  means  (39)  yieldably  urging  the  side  of 

the  metal  ring  (39)  toward  said  end  wall  (21a, 
35),  and  a  second  seal  ring  (40)  mounted 
about  the  outer  periphery  of  the  metal  ring  (36) 
for  engaging  the  peripheral  wall  (34)  about  an 

5  area  (A0)  which  is  greater  than  the  area  (Af)  of 
the  engagement  of  the  first  seal  ring  (37)  with 
the  end  wall  (21a,  35)  and  spaced  axially 
therefrom,  the  axial  length  and  radial  thickness 
of  the  metal  ring  (36)  being  so  related  that  fluid 

io  pressure  in  the  guideway  (23)  will  force  its  side 
tightly  against  the  end  wall  (21a,  35)  prior  to 
radial  expansion  of  its  periphery  tightly  against 
the  peripheral  wall. 

is  2.  The  preventer  of  claim  1  ,  characterized  in  that 
the  peripheral  wall  (34)  is  on  the  bonnet  (25) 
and  the  end  wall  (21a)  is  on  the  body  (21),  and 
the  urging  means  (39)  acts  between  the  bonnet 
(25)  and  the  opposite  side  of  the  metal  ring 

20  (36). 

3.  The  preventer  of  claim  2,  characterized  in  that 
the  metal  ring  (36)  is  received  in  a  recess 
having  an  end  wall  (35)  in  the  inner  face  of  the 

25  bonnet  (25)  opposite  the  end  wall  of  the  outer 
face  (21a)  of  the  body  (21). 

4.  The  preventer  of  any  of  the  preceding  claims, 
characterized  in  that  the  metal  ring  (36)  has 

30  holes  (43,  45)  extending  therethrough  from  its 
inner  to  its  outer  sides,  and  bolts  (42)  extend 
loosely  through  the  holes  (43,  45)  and  into  the 
end  wall  (35)  of  the  recess  and  have  enlarged 
outer  ends  (45)  to  retain  the  metal  ring  (36)  on 

35  the  bonnet  (25)  while  permitting  it  to  move 
limited  distances  radially  as  well  as  axially  of 
the  bolts  (42). 
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