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©  Control  apparatus  for  downhole  tools. 

©  A  control  apparatus  for  a  downhole  tool  com- 
prises  a  sensor  (84),  eg.  pressure  sensor,  for  sens- 
ing  a  command  signal;  interpreting  means  (86),  eg.  a 
microprocessor,  for  interpreting  the  sensed  signal; 
an  electric  motor  (78)  responsive  to  the  interpreting 
means  (86),  and  a  battery  (88)  for  supplying  electric 
current  to  the  interpreting  means  and  to  the  electric 
motor.  Command  signals  can  be  provided  by  well 
annulus  pressure  variations  to  operate  the  control 
apparatus. 
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The  present  invention  relates  generally  to  con- 
trol  apparatus  for  downhole  tools  for  use  in  oil  or 
gas  wells,  and  more  particularly  but  not  exclusively 
to  an  annulus  pressure  responsive  control  appara- 
tus  which  is  electronically  controlled  in  response  to 
command  signals  transmitted  as  pressure  pulses  in 
the  well  annulus. 

U.S.  patent  no.  4,422,506  (Beck)  discloses  a 
prior  art  annulus  pressure  responsive  tester  valve 
of  the  type  toward  which  the  modifications  of  the 
present  invention  are  generally  directed.  The  Beck 
apparatus  includes  a  housing  having  a  power  pis- 
ton  disposed  therein.  First  and  second  pressure 
conducting  passages  are  defined  in  the  housing 
and  communicate  the  well  annulus  with  first  and 
second  sides  of  the  power  piston.  A  metering  ori- 
fice  type  of  retarding  means  is  disposed  in  the 
second  pressure  conducting  passage  for  providing 
a  time  delay  in  communication  of  changes  in  well 
annulus  pressure  to  the  second  side  of  the  power 
piston.  Accordingly,  a  rapid  increase  or  rapid  de- 
crease  in  well  annulus  pressure  causes  a  tem- 
porary  pressure  differential  across  the  piston  which 
moves  the  piston.  The  metering  orifice  functions  to 
define  a  temporary  reference  pressure  within  the 
tool  which  is  different  from  the  rapidly  changed 
well  annulus  pressure  so  as  to  provide  the  neces- 
sary  pressure  differential  for  operation  of  the  tool. 

U.S.  Patent  No.  4,711,305  (Ringgenberg)  dis- 
closes  another  manner  for  actuating  an  annulus 
pressure  responsive  downhole  tool.  The  Ringgen- 
berg  device  utilizes  a  pressurized  gas  chamber  to 
provide  a  compressible  fluid  spring  against  which 
the  power  piston  operates  in  response  to  changes 
in  well  annulus  pressure. 

The  prior  art  also  includes  downhole  tools 
which  operate  in  response  to  command  signals 
sent  from  the  surface.  For  example,  U.S.  patents 
nos.  4,347,900  (Barrington),  4,375,239  (Barrington 
et  al.)  and  4,378,850  (Barrington),  all  disclose 
downhole  tools  operated  in  response  to  acoustic 
command  signals  transmitted  down  a  pipe  string. 

U.S.  patents  nos.  4,796,699,  4,896,722  and 
4,915,168,  all  to  Upchurch,  disclose  downhole  tools 
responsive  to  command  signals  transmitted  with  a 
pressure  pulse  down  a  well  annulus. 

There  is  a  need  for  a  simplified  means  for 
controlling  downhole  tools  in  response  to  remote 
command  signals. 

According  to  the  present  invention,  there  is 
provided  an  operating  apparatus  for  controlling 
tools  used  in  a  hydrocarbon  wellbore,  which  ap- 
paratus  comprises  means  for  sensing  a  command 
signal;  means  for  interpreting  said  sensing  means; 
an  electric  motor  responsive  to  said  interpreting 
means;  and  battery  means  for  supplying  electrical 
current  to  said  interpreting  means  and  said  electric 
motor.  The  apparatus  preferably  also  includes 

means  for  generating  a  command  signal. 
Preferably,  the  apparatus  further  comprises  a 

shaft  operably  associated  with  said  electric  motor 
so  that  when  said  electric  motor  is  energized  said 

5  shaft  rotates,  and  when  said  electric  motor  is  de- 
energized,  said  shaft  stops  rotation. 

Preferably,  the  sensing  means  is  a  pressure 
sensor  for  detecting  changes  in  well  annulus  pres- 
sure,  and  the  interpreting  means  is  a  microproces- 

io  sor  for  controlling  the  electric  motor.  The  motor  is 
connected  to  a  valve  or  other  tool  so  that  the  tool  is 
controlled  in  response  to  a  predetermined  change 
in  well  annulus  pressure  detected  by  said  pressure 
sensor  means. 

75  In  order  that  the  invention  may  be  more  fully 
understood,  reference  is  made  to  the  accompany- 
ing  drawings,  wherein: 

FIG.  1  is  a  schematic  illustration  of  a  typical 
prior  art  annulus  pressure  responsive  downhole 

20  tool. 
FIG.  2  is  a  schematic  illustration  of  a  downhole 
tool  similar  to  that  of  FIG.  1  which  has  been 
modified  in  accordance  with  the  present  inven- 
tion  to  include  a  means  for  controlling  the  tool. 

25  FIG.  3  is  a  graph  of  annulus  and  nitrogen  pres- 
sure  during  a  typical  operation  of  a  prior  art  tool 
like  that  of  FIG.  1. 
FIG.  4  is  a  schematic  illustration  of  a  second 
type  of  typical  prior  art  annulus  pressure  re- 

30  sponsive  downhole  tool. 
FIG.  5  is  a  schematic  illustration  of  a  downhole 
tool  similar  to  that  of  FIG.  4  which  has  been 
modified  in  accordance  with  the  present  inven- 
tion  to  provide  a  means  for  temporarily  deacti- 

35  vating  the  tool. 
FIG.  6  is  a  schematic  illustration,  again  of  a  tool 
similar  to  the  prior  art  tool  of  FIG.  4,  which  has 
been  modified  in  another  manner  in  accordance 
with  the  present  invention  to  provide  a  means 

40  for  temporarily  deactivating  the  tool. 
FIG.  7  is  a  schematic  illustration  of  yet  another 
typical  prior  art  annulus  pressure  responsive 
tool. 
FIG.  8  is  a  schematic  illustration  of  a  tool  similar 

45  to  the  prior  art  tool  of  FIG.  7  which  has  been 
modified  in  accordance  with  the  present  inven- 
tion  to  provide  a  means  for  temporarily  deacti- 
vating  the  tool. 
FIGS.  9A-9L  comprise  an  elevation,  right-side 

50  only,  sectioned  view  of  the  downhole  tool  sche- 
matically  illustrated  in  FIG.  2. 
FIG.  10  is  a  cross-sectional  view  taken  along 
line  10-10  of  FIG.  9F. 
FIG.  11  is  a  cross-sectional  view  taken  along 

55  line  11-11  of  FIG.  9G  and  FIG.  16. 
FIG.  12  is  a  cross-sectional  view  taken  along 
line  12-12  of  FIG.  91. 
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FIG.  13  is  a  cross-sectional  view  taken  along 
line  13-13  of  FIG.  91. 
FIG.  14  is  a  cross-sectional  view  taken  along 
line  14-14  of  FIG.  91. 
FIG.  15  is  a  cross-sectional  view  taken  along 
line  15-15  of  FIG.  9J. 
FIG.  16  is  a  frontal  elevation  view  of  a  segment 
of  the  apparatus  of  FIGS.  9A-9L  corresponding 
to  the  segment  of  FIG.  9G  and  viewed  along  line 
16-16  as  shown  in  FIG.  11. 
FIG.  1  is  a  hydraulic  schematic  illustration  of 

one  typical  form  of  prior  art  annulus  pressure  re- 
sponsive  tool,  corresponding  generally  to  the  tool 
set  forth  in  U.  S.  Patent  No.  4,422,506. 

A  well  test  string  10  is  schematically  illustrated 
as  extending  from  a  subsurface  formation  12  up  to 
the  earth's  surface  14.  A  downhole  tool  16  includ- 
ing  a  tester  valve  18  is  disposed  in  test  string  10 
for  controlling  the  flow  of  well  fluids  from  formation 
12  up  through  testing  string  10  to  the  earth's  sur- 
face  14. 

The  downhole  tool  16  includes  a  housing  20  in 
which  the  valve  18  is  disposed.  A  power  piston  22 
is  disposed  in  the  housing  20.  A  first  side  24  of 
power  piston  22  is  communicated  with  the  well 
annulus  26  so  as  to  be  exposed  to  the  fluid  pres- 
sure  present  in  well  annulus  26. 

A  passage  28  defined  through  the  housing  20 
communicates  a  second  side  30  of  power  piston  22 
with  the  well  annulus  26  through  a  metering  means 
32. 

The  second  side  30  of  power  piston  22  is 
directly  exposed  to  compressed  nitrogen  gas  in  a 
nitrogen  chamber  34.  A  floating  piston  36  transfers 
pressure  between  nitrogen  chamber  34  and  a  first 
oil  chamber  38.  Oil  in  first  oil  chamber  38  must 
flow  through  the  metering  means  32  into  a  second 
oil  chamber  40.  A  second  floating  piston  42  trans- 
mits  pressure  between  chamber  40  and  well  fluid 
contained  in  a  chamber  44  which  is  directly  ex- 
posed  to  the  well  annulus  26. 

In  this  arrangement  when  annulus  pressure  is 
quickly  increased,  pressure  on  first  side  24  of 
power  piston  22  increases  quickly.  At  the  same 
time,  annulus  pressure  in  oil  chamber  40  increases 
but  meters  slowly  through  metering  means  32  so 
that  pressure  in  oil  chamber  38  and  nitrogen  cham- 
ber  34  communicated  with  the  second  side  30  of 
power  piston  22  increases  relatively  slowly.  This 
differential  pressure  results  in  a  large  hydraulic 
force  which  tends  to  push  the  power  piston  22  from 
left  to  right  as  shown  in  FIG.  1  and  thus  to  open 
the  valve  18.  As  well  annulus  pressure  is  main- 
tained  at  the  increased  value,  oil  will  continue  to 
meter  through  metering  means  32  into  oil  chamber 
38  and  thus  the  pressure  differential  across  the 
power  piston  22  will  approach  zero,  unless  the 
metering  means  32  incorporates  back  pressure 

check  valves  as  further  described  below  in  refer- 
ence  to  FIGS.  9I-9J. 

If  annulus  pressure  has  been  applied  for  long 
enough  for  pressure  equalization  across  the  power 

5  piston  22  to  occur,  and  pressure  in  the  well  an- 
nulus  26  is  then  quickly  reduced,  the  pressure  on 
the  first  side  24  of  power  piston  22  is  quickly 
reduced.  However,  again  because  of  the  metering 
means  32,  time  is  required  for  the  pressure  to 

io  decrease  in  the  nitrogen  chamber  34  communi- 
cated  with  the  second  side  30  of  power  piston  22. 
This  results  in  a  large  pressure  differential  across 
the  power  piston  22  which  will  move  it  from  right  to 
left  as  shown  in  FIG.  1  and  will  move  the  valve  18 

is  back  to  its  original  closed  position. 
FIG.  3  is  a  graph  of  annulus  pressure  and 

nitrogen  pressure  versus  time  during  a  typical  test- 
ing  procedure  carried  out  with  the  prior  art  appara- 
tus  of  FIG.  1.  The  pressure  in  well  annulus  26  at 

20  the  elevation  of  the  tool  16  is  shown  as  a  solid  line. 
The  pressure  within  nitrogen  chamber  34  is  repre- 
sented  by  the  dashed  lines.  Beginning  at  the  left 
end,  time  T0  represents  the  initial  placement  of  the 
tool  in  the  well  at  the  surface.  The  tool  is  steadily 

25  lowered  into  the  well  until  time  Ti  at  which  time  the 
tool  has  reached  the  depth  within  the  well  at  which 
it  is  to  be  operated.  From  T0  to  Ti  the  pressure  to 
which  the  tool  16  is  exposed  rises  along  line  46 
from  zero  to  Pi  which  is  the  hydrostatic  pressure  in 

30  the  well  annulus  26  at  the  depth  of  tool  16. 
At  time  T2  well  annulus  pressure  is  rapidly 

increased  to  P2  to  open  the  valve  18.  Well  annulus 
pressure  is  maintained  at  P2  until  time  T3.  The 
interval  from  T2  to  T3  is  sufficient  for  well  annulus 

35  pressure  to  equalize  across  power  piston  22.  At 
time  T3  well  annulus  pressure  is  reduced  rapidly  to 
hydrostatic  pressure  Pi  thus  again  closing  valve 
18.  Annulus  pressure  remains  at  hydrostatic  pres- 
sure  Pi  until  time  T+  at  which  pressure  is  again 

40  rapidly  increased  to  P2.  This  again  opens  valve  18. 
At  T5  pressure  is  again  reduced  to  hydrostatic 
pressure  and  the  valve  18  gain  closes.  At  time  TG 
the  retrieval  of  tool  16  out  of  the  well  is  begun  and 
the  tool  16  reaches  the  surface  again  at  time  T7. 

45  The  decrease  in  hydrostatic  pressure  to  which  tool 
16  is  exposed  between  times  TG  and  T7  is  repre- 
sented  by  sloped  line  48. 

The  dashed  lines  in  FIG.  3  represent  the  pres- 
sure  in  nitrogen  chamber  34  during  this  procedure. 

50  Pressure  begins  at  NP1  which  represents  the  initial 
pressurized  charge  placed  in  nitrogen  chamber  34 
when  the  tool  16  is  at  the  surface.  As  hydrostatic 
pressure  changes  in  the  manner  previously  de- 
scribed,  the  nitrogen  pressure  lags  behind  hydro- 

55  static  pressure  as  illustrated  in  the  curve.  This  lag 
is  due  to  the  use  of  restricted  orifices  and  back 
pressure  check  valves  in  metering  means  32. 

3 



5 EP  0  551  163  A1 6 

The  Tool  Of  FIGS.  2  And  9-16 

FIG.  2  is  a  schematic  illustration  of  the  elec- 
tronically  controlled  pressure  activated  hydraulic 
system  of  the  present  invention  as  utilized  to  modi- 
fy  a  tool  generally  otherwise  similar  to  the  tool  16 
of  FIG.  1. 

In  FIG.  2  a  downhole  tool  apparatus  50  is 
schematically  illustrated  within  the  phantom  bound- 
aries  designated  by  the  numeral  50.  The  downhole 
tool  50  is  responsive  to  changes  in  pressure  in  the 
well  annulus  26. 

The  downhole  tool  50  includes  a  tool  housing 
52.  A  power  piston  54  is  slidably  disposed  in  the 
tool  housing  52  and  has  a  first  side  56  and  a 
second  side  58.  The  power  piston  54  can  be  gen- 
erally  described  as  an  operating  means  54  for 
operating  the  tool  50  in  response  to  changes  in 
well  annulus  pressure. 

A  first  pressure  conducting  passage  means  60 
is  defined  in  the  housing  52  for  communicating  the 
well  annulus  26  with  the  first  side  56  of  power 
piston  54. 

A  reference  pressure  means  generally  indicat- 
ed  at  62  is  disposed  in  the  tool  housing  52  for 
providing  a  reference  pressure  communicated  with 
the  second  side  58  of  the  power  piston  54  so  that  a 
change  in  well  annulus  pressure  creates  a  pressure 
differential  across  power  piston  54  to  move  the 
power  piston  54  between  a  first  position  and  a 
second  position  relative  to  the  housing  52.  The 
power  piston  54  is  operably  associated  with  a 
tester  valve  64  disposed  in  test  string  10,  and 
moves  the  tester  valve  64  between  closed  and 
open  positions  as  the  power  piston  54  moves  be- 
tween  its  first  position  and  second  position,  respec- 
tively. 

The  tool  50  further  includes  a  selectively  op- 
erable  deactivating  means  66  shown  within  the 
phantom  boundary  denoted  by  numeral  66.  The 
deactivating  means  66  provides  a  means  for  tem- 
porarily  deactivating  the  power  piston  54  so  that 
the  power  piston  54  is  no  longer  responsive  to 
changes  in  well  annulus  pressure.  The  deactivating 
means  66  can  further  be  generally  described  with 
regard  to  the  tool  50  as  a  means  for  balancing  well 
annulus  pressure  across  the  power  piston  54  to 
deactivate  the  power  piston  54.  The  deactivating 
means  66  can  also  be  described  as  a  means  for 
repeatedly  selectively  deactivating  the  power  piston 
54  so  that  the  power  piston  54  is  no  longer  respon- 
sive  to  changes  in  well  annulus  pressure  and  for 
subsequently  reactivating  the  power  piston  54  so 
that  the  power  piston  54  is  again  responsive  to 
changes  in  well  annulus  pressure. 

The  tool  50  includes  a  second  pressure  con- 
ducting  passage  means  68  defined  in  housing  52 
for  communicating  the  well  annulus  26  with  the 

second  side  58  of  power  piston  54.  The  reference 
pressure  means  62  includes  a  metering  means  70 
disposed  in  the  second  pressure  conducting  pas- 
sage  means  68.  The  metering  means  70  can  gen- 

5  erally  be  described  as  a  retarding  means  70,  dis- 
posed  in  the  second  pressure  conducting  passage 
means  68,  for  delaying  communication  of  a  suffi- 
cient  portion  of  a  change  in  well  annulus  pressure 
to  the  second  side  58  of  power  piston  54  for  a 

io  sufficient  time  to  allow  a  pressure  differential 
across  the  power  piston  54  to  move  the  power 
piston  54  between  its  previously  mentioned  first 
and  second  positions  relative  to  housing  52. 

The  second  side  58  of  power  piston  54  com- 
15  municates  with  nitrogen  chamber  59.  A  floating 

piston  61  transmits  pressure  between  nitrogen 
chamber  59  and  a  first  oil  chamber  63.  Fluid  from 
first  oil  chamber  63  communicates  with  second  oil 
chamber  65  through  the  metering  means  70.  A 

20  second  floating  piston  67  transmits  pressure  be- 
tween  second  oil  chamber  65  and  well  fluid  con- 
tained  in  a  mud  chamber  69. 

The  deactivating  means  66  can  be  generally 
described  as  a  selectively  operable  bypass  means 

25  66  for  bypassing  changes  in  well  annulus  pressure 
around  the  reference  pressure  means  62,  and  par- 
ticularly  around  the  metering  means  70  thereof. 

The  bypass  means  66  has  an  open  position 
wherein  changes  in  well  annulus  pressure  are  sub- 

30  stantially  immediately  communicated  with  second 
side  58  of  power  piston  54  and  the  power  piston  54 
is  not  moved  by  changes  in  well  annulus  pressure. 
Bypass  means  66  also  has  a  closed  position 
wherein  the  second  side  58  of  power  piston  54  is 

35  in  operable  communication  with  the  reference  pres- 
sure  means  62  and  particularly  the  metering  means 
70  thereof;  that  is  the  pressure  changes  from  well 
annulus  26  must  be  transmitted  through  the  meter- 
ing  means  70  in  order  for  those  pressure  changes 

40  to  reach  the  second  side  58  of  power  piston  54 
when  the  bypass  means  66  is  in  its  closed  position. 

The  bypass  means  66  includes  a  bypass  pas- 
sage  means  72  defined  in  the  housing  52  for 
communicating  the  well  annulus  26  with  the  second 

45  side  58  of  power  piston  54.  It  is  seen  that  the 
bypass  passage  means  72  is  in  hydraulic  parallel 
with  that  portion  of  second  pressure  conducting 
passage  means  68  in  which  metering  means  70  is 
placed,  so  that  when  the  bypass  passage  means 

50  72  is  open  changes  in  well  annulus  pressure  will  be 
quickly  transmitted  therethrough  rather  than 
through  the  more  restricted  passage  through  me- 
tering  means  70. 

Bypass  means  66  includes  an  electric  motor 
55  operated  bypass  valve  means  74  having  a  valve 

element  76  disposed  in  bypass  passage  72,  and 
having  a  motor  78  which  operates  the  valve  ele- 
ment  76  through  a  shaft  80.  The  bypass  valve 

4 



7 EP  0  551  163  A1 8 

means  74  is  disposed  in  the  bypass  passage 
means  72  for  selectively  opening  and  closing  the 
bypass  passage  means  72  as  the  valve  element  76 
is  moved  between  and  open  and  closed  position. 

The  bypass  means  66  further  includes  a  con- 
trol  means  82  for  moving  the  bypass  valve  means 
74  between  its  said  open  and  closed  positions.  The 
control  means  82  is  itself  responsive  to  changes  in 
well  annulus  pressure.  Control  means  82  includes  a 
pressure  sensor  means  84  for  detecting  changes  in 
well  annulus  pressure,  and  a  microprocessor 
means  86  for  controlling  the  electric  motor  74  in 
response  to  a  predetermined  change  in  well  an- 
nulus  pressure  as  detected  by  the  pressure  sensor 
means  84.  Control  means  82  also  includes  an 
electrical  battery  power  supply  88. 

Sensor  means  84,  microprocessor  means  86, 
electrical  battery  supply  88,  and  electric  motor  78 
are  all  interconnected  by  electrical  wiring  as  in- 
dicated  by  dashed  lines. 

It  is  noted  that  the  apparatus  50  could  also  be 
constructed  so  that  it  is  deactivated  in  response  to 
inputs  other  than  an  annulus  pressure  signal.  For 
example,  the  pressure  sensor  84  could  be  replaced 
with  an  acoustic  sensor  so  that  the  apparatus  50 
could  be  selectively  deactivated  in  response  to 
detection  of  an  acoustic  signal.  Similarly,  a  clock 
could  be  included  in  the  control  means  82  so  as  to 
enable  or  disable  the  apparatus  50  automatically  at 
predetermined  intervals. 

The  electric  motor  operated  bypass  valve 
means  74  is  further  characterized  as  requiring  elec- 
tric  power  only  to  selectively  move  the  valve  ele- 
ment  76  between  its  said  open  and  closed  posi- 
tions,  so  that  the  valve  element  76  will  remain  in 
either  its  open  or  closed  position  without  continued 
application  of  electric  power  thereto.  Furthermore, 
the  microprocessor  means  86  is  programmed  to 
cause  the  electric  motor  control  bypass  valve 
means  to  remain  in  a  predetermined  one  of  its  said 
open  and  closed  positions  upon  sensing  of  a  low 
power  state  of  the  power  supply  88.  That  is,  when 
the  power  supplied  from  power  supply  88  declines 
to  a  predetermined  low  level,  this  is  sensed  and 
the  microprocessor  means  is  programmed  to  re- 
spond  to  that  condition  and  to  cause  the  electric 
motor  control  bypass  valve  means  74  to  move  to  a 
predetermined  one  of  its  open  and  closed  posi- 
tions.  The  predetermined  position  which  is  appro- 
priate  depends  upon  the  particular  downhole  tool. 
For  a  tester  valve,  typically  the  microprocessor 
means  86  would  be  programmed  so  that  the  valve 
element  76  will  move  to  or  remain  in  its  closed 
position  so  that  the  reference  pressure  means  62  is 
operable  and  the  tester  valve  64  will  respond  to 
changes  in  well  annulus  pressure  after  the  batteries 
fail. 

The  microprocessor  means  86  is  programmed 
to  open  and  close  the  electric  motor  operated 
bypass  valve  means  74  in  response  to  predeter- 
mined  changes  in  well  annulus  pressure  sensed  by 

5  sensing  means  84.  These  changes  may  be  two  or 
more  pressure  pulses,  a  stepped  or  multi-level 
single  pulse,  or  pressure  increases  or  pressure 
changes  corresponding  with  predetermined  times. 
Thus,  the  deactivation  means  66  can  be  generally 

io  described  as  being  movable  between  deactivated 
and  reactivated  positions  thereof  in  response  to 
predetermined  changes  in  well  annulus  pressure. 
The  deactivated  position  of  deactivating  means  66 
is  that  position  corresponding  to  the  open  position 

is  of  valve  element  76  wherein  the  metering  means 
70  is  bypassed.  The  reactivated  position  of  deacti- 
vating  means  66  is  that  position  corresponding  to 
the  closed  position  of  valve  element  76  wherein  the 
time  delay  effect  of  the  metering  means  70  is 

20  operable. 
FIGS.  9A-9L  comprise  an  elevation,  right-side 

only,  detailed  sectioned  view  of  the  downhole  tool 
50  which  was  only  schematically  shown  in  FIG.  2. 

The  tool  housing  52  is  a  cylindrical  tool  hous- 
25  ing  52  which  is  made  up  of  a  number  of  intercon- 

nected  components  including  an  upper  adapter  88, 
an  upper  valve  support  90,  a  valve  case  92,  a 
shear  pin  adapter  94,  a  power  case  96,  a  nitrogen 
fill  adapter  98,  a  nitrogen  chamber  case  100,  an 

30  inner  nitrogen  chamber  mandrel  101,  an  oil  fill 
adapter  102,  an  inner  oil  chamber  mandrel  103,  a 
bypass  housing  section  104,  a  mud  case  106,  and 
a  lower  adapter  1  08. 

The  upper  adapter  88  and  upper  valve  support 
35  90  are  connected  together  at  threaded  connection 

110  with  an  O-ring  seal  112  provided  there- 
between.  Outward  extending  splines  114  of  upper 
valve  support  90  engage  inward  extending  splines 
116  of  valve  case  92.  An  upward  facing  shoulder 

40  118  of  upper  valve  support  90  is  pressed  against 
the  lower  end  of  splines  116  and  holds  the  valve 
case  92  rigidly  against  upper  adapter  88.  An  O-ring 
seal  120  is  provided  between  upper  adapter  88  and 
valve  case  92. 

45  The  tester  valve  64  includes  a  rotatable  hollow 
ball  valve  element  122  which  is  held  between  up- 
per  and  lower  seats  124  and  126.  The  upper  seat 
124  is  contained  in  upper  valve  support  90,  and  the 
lower  seat  126  is  contained  in  a  lower  valve  sup- 

50  port  128.  The  lower  valve  support  128  is  connected 
to  upper  valve  support  90  at  thread  129  so  that  the 
ball  valve  member  122  is  tightly  sandwiched  be- 
tween  its  upper  and  lower  seats  124  and  126. 

Ball  valve  element  122  has  a  bore  130  thereth- 
55  rough  which  in  the  closed  position  shown  in  FIG. 

9B  is  oriented  perpendicular  to  a  longitudinal  pas- 
sageway  132  which  extends  through  the  tool  50. 
The  longitudinal  passageway  132  communicates 

5 
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with  the  interior  of  the  tubing  string  10  when  the 
tester  valve  50  is  made  up  in  the  tubing  string  10. 

The  ball  valve  element  122  has  a  pair  of  ec- 
centric  holes  134  defined  therethrough  in  each  of 
which  is  received  a  lug  136.  The  lug  136  is  carried 
upon  a  reciprocable  arm  138  which  is  intercon- 
nected  with  an  actuating  mandrel  assembly  140. 

The  power  piston  54  seen  in  FIG.  9C  is  slidab- 
ly  received  in  a  bore  142  of  the  power  case  96. 
Power  piston  54  is  defined  on  the  upper  end  of  a 
lower  power  mandrel  144. 

An  upper  power  mandrel  148  is  threadedly 
connected  to  lower  power  mandrel  144  at  threaded 
connection  150  for  longitudinal  movement  there- 
with. 

As  seen  in  FIG.  9B,  an  end  cap  152  is 
threadedly  connected  to  the  upper  end  of  upper 
power  mandrel  148  and  overlaps  with  a  lower  collar 
154  of  actuating  mandrel  assembly  140. 

Thus,  as  the  power  piston  54  reciprocates  back 
and  forth  within  the  power  case  96  of  tool  housing 
52,  the  actuating  mandrel  assembly  140,  arm  138 
and  lug  136  reciprocate  therewith  to  rotate  the  ball 
valve  element  122  between  the  closed  position 
shown  in  FIG.  9B,  and  an  open  position  wherein 
the  bore  130  is  aligned  with  longitudinal  passage- 
way  132. 

The  shear  pin  adapter  94  carries  a  plurality  of 
shear  pins  156  which  are  received  in  the  upper 
power  mandrel  148  so  as  to  initially  retain  the 
upper  power  mandrel  148  in  place  as  the  tool  50  is 
run  into  a  well  so  that  the  power  piston  54  will  not 
be  prematurely  moved  from  its  pinned  first  position 
which  corresponds  to  the  closed  position  of  the  ball 
valve  element  122.  After  the  tool  50  is  at  its  desired 
location  in  the  well,  and  the  well  annulus  pressure 
is  increased  above  hydrostatic  pressure  to  a  pre- 
determined  operating  pressure  for  the  tool  50  with 
bypass  72  closed,  the  pins  156  will  shear  thus 
allowing  the  power  piston  54  to  move  downward 
and  to  move  the  ball  valve  element  122  to  an  open 
position.  Subsequently,  the  ball  valve  122  can  be 
repeatedly  moved  between  its  open  and  closed 
positions. 

The  upper  power  mandrel  148  includes  a  plu- 
rality  of  radially  outward  extending  splines  158 
which  mesh  with  inward  extending  splines  160  of 
power  case  96  to  prevent  rotation  of  the  power 
mandrels  148  and  144  within  housing  52. 

The  power  case  96  includes  a  plurality  of  pow- 
er  ports  162  disposed  therethrough  communicating 
with  an  annular  cavity  164  defined  above  power 
piston  54  and  in  communication  with  the  first  side 
56  of  power  piston  54.  Power  ports  162  and  an- 
nular  cavity  164  comprise  the  previously  mentioned 
first  pressure  conducting  passage  means  60  de- 
fined  in  the  housing  52  for  communicating  the  well 
annulus  26  with  the  first  side  56  of  power  piston 

54. 
Power  piston  54  carries  a  sliding  piston  seal 

assembly  166  which  seals  against  the  bore  142  of 
power  case  96. 

5  The  lower  end  portion  of  lower  power  mandrel 
144  is  closely  and  slidably  received  within  first  and 
second  O-ring  seals  168  and  170  carried  by  nitro- 
gen  fill  adapter  98. 

Below  power  piston  54  there  is  an  annular 
io  cavity  172  defined  between  lower  power  mandrel 

144  and  power  case  96  which  defines  a  first  por- 
tion  of  the  previously  mentioned  nitrogen  chamber 
59. 

An  annular  cavity  174  defined  between  inner 
is  nitrogen  chamber  mandrel  101  and  nitrogen  cham- 

ber  case  100  defines  a  lower  portion  of  the  pre- 
viously  mentioned  nitrogen  chamber  59.  The  upper 
and  lower  annular  cavities  172  and  174  are  com- 
municated  by  a  plurality  of  longitudinal  ports  176 

20  which  extend  through  nitrogen  fill  adapter  98  and 
which  may  themselves  be  considered  to  be  part  of 
the  nitrogen  chamber  59. 

A  transverse  port  178  seen  in  FIG.  9E  inter- 
sects  one  of  the  longitudinal  ports  176  and  a  nitro- 

25  gen  fill  valve  (not  shown)  contained  therein  allows 
the  nitrogen  chamber  59  to  be  charged  with  com- 
pressed  nitrogen  gas  when  the  tool  50  is  at  the 
surface. 

The  floating  piston  61  floats  within  the  annular 
30  space  between  nitrogen  chamber  case  100  and 

inner  nitrogen  chamber  mandrel  101  and  separates 
the  nitrogen  chamber  54  from  the  first  oil  chamber 
63  located  therebelow.  The  first  oil  chamber  63  is 
irregular  in  shape  and  includes  an  annular  space 

35  178  between  inner  oil  chamber  mandrel  103  and 
nitrogen  chamber  case  100.  It  also  includes  an 
annular  cavity  180  between  inner  oil  chamber  man- 
drel  103  and  oil  fill  adapter  102. 

First  oil  chamber  63  further  includes  an  offset 
40  longitudinal  bore  182  extending  lengthwise  through 

bypass  housing  section  104  and  communicating 
with  the  upper  end  of  a  metering  cartridge  184 
which  has  the  metering  means  70  therein.  The 
metering  cartridge  184  is  only  partially  shown  in 

45  FIGS.  9I-9J,  and  is  preferably  constructed  substan- 
tially  similar  to  that  shown  in  U.  S.  Patent  No. 
4,444,268  to  Barrington,  at  FIG.  21  thereof,  the 
details  of  which  are  incorporated  herein  by  refer- 
ence. 

50  The  metering  cartridge  184  has  two  passage- 
ways  disposed  lengthwise  therethrough,  one  of 
which  serves  as  a  pressurizing  passageway  and 
the  other  of  which  serves  as  a  depressurizing  pas- 
sageway.  Only  the  pressurizing  passageway  186  is 

55  illustrated  in  FIG.  91.  The  pressurizing  passageway 
186,  which  may  also  generally  be  referred  to  as  a 
metering  cartridge  passageway  186,  has  a  first 
restricted  orifice  185  of  the  metering  means  70 
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disposed  therein.  Located  above  the  restricted  ori- 
fice  185  is  a  first  back  pressure  check  valve  187 
which  permits  fluid  to  flow  upward  through  pas- 
sageway  186  but  not  downward  therethrough.  Addi- 
tionally,  the  check  valve  187  is  spring  loaded  so 
that  it  does  not  allow  annulus  pressure  to  com- 
pletely  equalize  across  the  power  piston  54.  Simi- 
larly,  in  the  depressurizing  passageway  (not  shown) 
of  metering  cartridge  184  there  is  another  restricted 
orifice,  and  a  second  back  pressure  check  valve 
which  is  oriented  in  the  opposite  direction  to  valve 
187  so  as  to  allow  fluid  to  flow  downwardly  thereth- 
rough  but  not  upwardly. 

The  second  floating  piston  67  is  slidably  and 
sealably  disposed  in  the  second  oil  chamber  65 
and  separates  oil  contained  therein  from  well  fluid 
which  enters  through  well  fluid  ports  188  to  com- 
municate  with  the  annular  mud  chamber  69  defined 
below  the  second  floating  piston  67. 

The  previously  mentioned  second  pressure 
conducting  passage  means  68  defined  in  the  hous- 
ing  52  for  communicating  the  well  annulus  26  with 
the  second  side  58  of  power  piston  54  includes  the 
annular  cavity  172,  longitudinal  bores  176,  annular 
cavity  174,  annular  cavity  178,  annular  cavity  180, 
longitudinal  bore  182,  metering  cartridge  passage 
186,  second  oil  chamber  65,  mud  chamber  69,  and 
the  well  fluid  ports  188. 

Referring  now  to  FIGS.  9G-9I,  the  components 
of  the  deactivating  means  66  are  there  illustrated. 

The  bypass  housing  section  104  of  tool  hous- 
ing  50  is  generally  cylindrical  in  shape,  and  as 
seen  in  the  cross-sectional  view  of  FIG.  11,  has  an 
arcuate  recess  190  defined  in  an  outer  cylindrical 
surface  192  thereof. 

A  control  system  framework  means  194  for 
housing  the  deactivating  means  66  is  pivotally  at- 
tached  at  its  upper  end  to  housing  52  by  pivot  pin 
196.  The  deactivating  means  66  may  also  generally 
be  referred  to  as  a  control  system  66  which  is 
operably  associated  with  the  power  piston  54  which 
may  be  generally  referred  to  itself  as  an  operating 
assembly  54. 

The  control  system  framework  means  194  is 
pivotally  attached  to  the  housing  52  and  pivotable 
between  a  normal  operating  position  as  seen  in 
solid  lines  in  FIG.  11  wherein  the  framework  means 
194  is  substantially  completely  received  in  the  ar- 
cuate  recess  190,  and  a  service  position  repre- 
sented  in  phantom  lines  in  FIG.  11  wherein  a 
substantial  portion  of  the  framework  means  194  is 
pivoted  out  of  the  recess  190  to  provide  access  to 
the  various  components  of  the  deactivating  means 
66. 

For  example,  as  is  further  described  below, 
when  the  framework  means  194  is  pivoted  to  its 
service  position  as  shown  in  phantom  lines  in  FIG. 
11,  the  batteries  88  can  be  easily  removed  there- 

from  and  replaced  without  breaking  apart  the  hous- 
ing  52  at  any  of  the  major  threaded  connections 
thereof  between  segments  of  the  longitudinal  hous- 
ing. 

5  The  framework  means  194  includes  a  laterally 
extending  arcuate  shaped  arm  198  which  is  pivot- 
ally  attached  to  the  housing  52. 

The  pivot  pin  196  connects  the  arm  198  to  a 
mounting  means  200.  The  mounting  means  200 

io  itself  is  a  solid  arcuate  segment  fitted  within  the 
recess  190  and  rigidly  attached  to  the  bypass 
housing  segment  104  by  a  plurality  of  mounting 
screws  201  .  The  mounting  means  200  is  best  seen 
in  elevation  view  in  FIG.  16. 

is  The  framework  means  194  as  seen  in  FIG.  16 
further  includes  four  tubes  202,  204,  206  and  208 
which  are  attached  to  the  arm  198  at  their  upper 
ends  for  pivotal  movement  therewith.  The  first  tube 
202  contains  the  motor  78  of  the  electrically  con- 

20  trolled  bypass  valve  means  74.  The  second  tube 
204  contains  the  microprocessor  means  86  and 
pressure  sensor  84.  The  third  and  fourth  tubes  206 
and  208  contain  batteries  which  make  up  the  elec- 
trical  battery  power  supply  88. 

25  The  first  tube  202  which  contains  the  bypass 
valve  means  74  is  coaxial  with  the  pivot  pin  196 
and  thus  with  a  pivotal  axis  210  (see  FIG.  9G)  of 
the  control  system  framework  means  194. 

In  FIG.  9G,  the  manner  of  connection  of  first 
30  tube  202  to  the  arcuate  arm  198  is  shown  in  detail 

and  is  representative  of  the  manner  of  connection 
of  the  other  tubes  204,  206  and  208  to  the  arcuate 
arm  198. 

The  arcuate  arm  198  is  an  intricately  shaped 
35  member,  which  is  seen  in  FIGS.  9G,  11  and  16. 

Arm  198  includes  four  downwardly  extending  cylin- 
drical  protrusions  212,  214,  216  and  218.  As  best 
seen  in  FIG.  9G,  each  of  the  protrusions  is  hollow 
and  communicates  with  a  passageway  220  defined 

40  in  the  arcuate  arm  198.  Passageway  220  provides 
a  conduit  for  electrical  wiring  which  interconnects 
the  various  components  contained  in  the  tubes 
202,  204,  206  and  208. 

The  first  tube  202  has  an  upper  tube  head  222 
45  threadedly  connected  thereto  at  224  with  an  O-ring 

seal  226  provided  therebetween. 
The  upper  end  of  upper  tube  head  222  is 

closely  received  within  the  first  hollow  protrusion 
212  of  arcuate  arm  198  with  an  O-ring  seal  228 

50  provided  therebetween,  and  with  a  set  screw  230 
holding  the  same  together. 

Similar  upper  heads  232,  234  and  236  are 
seen  in  FIG.  16  connecting  the  second,  third  and 
fourth  tubes  204,  206  and  208  to  the  second,  third 

55  and  fourth  protrusions  214,  216  and  218  of  arcuate 
arm  198. 

As  seen  in  FIG.  16,  when  the  arcuate  arm  198 
is  in  its  normal  position  and  received  within  the 
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recess  190,  it  is  held  in  place  therein  by  screws 
237  which  extend  into  the  bypass  housing  section 
104. 

As  seen  in  FIG.  9H,  the  lower  end  of  first  tube 
202  is  connected  to  a  lower  tube  head  238  at 
threaded  connection  240  with  an  O-ring  seal  242 
being  provided  therebetween. 

The  lower  tube  head  238  includes  a  bore  244 
extending  longitudinally  therethrough  within  which 
is  received  a  spool  shaft  246.  The  spool  shaft  246 
extends  downwardly  through  and  out  of  the  bore 
244  and  has  a  valve  spool  248  defined  on  the 
lower  portion  thereof  which  is  located  outside  of  the 
tube  202. 

The  upper  end  of  lower  tube  head  238  has  a 
counterbore  250  defined  therein  within  which  is 
rotatably  received  the  lower  portion  of  a  lead  screw 
shaft  252.  The  lower  portion  of  lead  screw  shaft 
252  is  hollow  and  has  a  female  thread  defined 
therein  which  is  threadably  engaged  with  the  upper 
end  of  spool  shaft  246  to  define  a  lead  screw  254 
therebetween. 

A  pin  256  is  received  through  a  transverse 
bore  258  in  spool  shaft  246.  The  ends  of  pin  256 
are  received  in  two  diametrically  opposed  slots  260 
and  262  defined  in  lower  tube  head  238  so  as  to 
prevent  the  spool  shaft  246  from  rotating  relative  to 
lower  tube  head  238.  Thus,  upon  rotation  of  the 
lead  screw  shaft  252  relative  to  the  spool  shaft  246 
the  lead  screw  254  will  cause  the  spool  shaft  246 
and  valve  spool  248  to  move  longitudinally  relative 
to  the  tube  202  and  housing  52. 

The  upper  portion  of  lower  tube  head  238  is 
externally  threaded  at  264  and  is  thereby  threaded- 
ly  connected  to  a  bearing  housing  266.  A  set  screw 
268  locks  bearing  housing  266  to  the  lower  tube 
head  238.  The  bearing  housing  266  includes  a 
radially  inward  extending  flange  270  which  holds  an 
annular  bearing  272  sandwiched  between  the 
flange  270  and  the  upper  end  of  lower  tube  head 
238. 

The  lead  screw  shaft  252  includes  an  enlarged 
diameter  shoulder  274  which  is  closely  and  rotatab- 
ly  received  within  bearing  272. 

The  bearing  housing  266  further  includes  first 
and  second  upwardly  extending  support  brackets 
276  and  278  on  diametrically  opposite  sides  of 
lead  screw  shaft  252.  The  motor  78  is  mounted  on 
the  upper  portions  of  support  brackets  276  and  278 
with  mounting  screws  280  and  282. 

A  motor  shaft  284  extends  downward  from 
electric  motor  78  and  is  connected  to  lead  screw 
shaft  252  by  a  coupling  pin  286.  Electric  wiring  288 
extends  from  motor  78  up  through  the  tube  202 
and  through  the  conduit  220  in  arcuate  arm  198  to 
connect  the  motor  74  to  the  microprocessor  means 
86  and  electrical  battery  power  supply  88. 

As  mentioned,  the  upper  ends  of  second,  third 
and  fourth  tubes  204,  206  and  208  are  attached  to 
arcuate  arm  198  in  a  similar  manner  to  that  just 
described  for  first  tube  202. 

5  The  second  tube  204  which  contains  the  micro- 
processor  means  86  and  pressure  transducer  84 
has  the  pressure  transducer  84  located  in  its  lower 
end  portion  (not  shown)  so  that  the  pressure  trans- 
ducer  communicates  through  an  opening  (not 

io  shown)  in  the  lower  end  of  second  tube  204  with 
the  well  annulus  26. 

The  lower  ends  (not  shown)  of  third  and  fourth 
tubes  206  and  208  are  closed  with  a  sealed  plug 
so  as  to  prevent  well  fluids  from  entering  the  same 

is  and  damaging  the  batteries  contained  therein. 
As  seen  in  FIGS.  9H  and  91,  the  valve  spool 

248  which  extends  out  of  the  end  of  the  first  tube 
202  is  closely  and  slidably  received  within  a  valve 
bore  288  defined  in  the  bypass  housing  section 

20  1  04. 
The  valve  spool  248  has  upper  and  lower  seal 

assemblies  290  and  292  which  sealingly  engage 
valve  bore  288.  A  reduced  diameter  spool  portion 
294  is  located  between  upper  and  lower  seal  as- 

25  semblies  290  and  292. 
The  valve  spool  248  and  valve  bore  288  com- 

prise  the  valve  element  76  of  electric  motor  control 
valve  means  74  schematically  illustrated  in  FIG.  2. 
The  valve  spool  248  is  disposed  in  the  bypass 

30  passage  72  so  as  to  open  and  close  the  same. 
The  construction  of  the  bypass  passage  means 

72  is  apparent  in  FIGS.  9I-9J.  As  seen  near  the 
upper  end  of  FIG.  91  and  in  FIG.  12,  the  bypass 
passage  means  72  begins  with  a  first  lateral  bore 

35  296  communicating  longitudinal  bore  182  with  the 
valve  bore  288.  The  lateral  bore  296  is  formed  by 
drilling  into  the  bypass  housing  section  104 
through  its  outer  surface  192,  with  the  outer  portion 
of  the  bore  then  being  plugged  by  plug  297. 

40  As  best  seen  in  FIG.  13  and  FIG.  91,  a  short 
distance  below  the  first  lateral  bore  296  is  a  second 
lateral  bore  298  which  also  communicates  with  the 
valve  bore  288.  The  portion  of  valve  bore  288 
between  first  and  second  lateral  bores  296  and  298 

45  may  be  considered  to  be  part  of  the  bypass  pas- 
sage  means  72. 

The  second  lateral  bore  298  is  constructed  in  a 
similar  fashion  to  first  bore  296  by  drilling  through 
from  the  exterior  surface  192  and  plugging  with  a 

50  plug  300. 
Continuing  downward  from  the  second  lateral 

bore  298,  the  bypass  passage  means  72  includes  a 
longitudinal  bore  302  defined  in  bypass  housing 
section  104  and  having  its  lower  end  plugged  by 

55  plug  304. 
As  seen  in  FIG.  14  and  near  the  lower  end  of 

FIG.  91,  the  bypass  passage  means  72  then  in- 
cludes  a  short  radial  bore  304  which  communicates 

8 
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with  a  rectangular  cross  section  longitudinal  pas- 
sageway  306  extending  lengthwise  and  spanning 
the  length  of  metering  cartridge  184.  Finally,  an- 
other  short  radial  bore  308  communicates  passage- 
way  306  with  the  second  oil  chamber  65  below  the 
metering  cartridge  184. 

As  is  best  seen  in  FIGS.  14  and  15,  the  rectan- 
gular  cross-sectional  longitudinal  passageway  306 
is  formed  by  milling  out  a  lengthwise  strip  of  the 
exterior  surface  of  bypass  housing  section  104  and 
then  welding  a  metal  strip  310  thereacross  to  close 
a  portion  of  the  same  leaving  the  passageway  306 
defined  within  the  wall  of  bypass  housing  section 
104. 

As  is  also  seen  in  FIG.  15,  there  is  an  oil  fill 
port  312  which  is  closed  by  plug  314.  Fill  port  312 
allows  oil  chambers  63  and  65  to  be  filled. 

The  spool  248  is  shown  in  FIGS.  9H-9I  in  the 
open  position  with  reduced  diameter  portion  294 
allowing  free  communication  between  lateral  bores 
296  and  298.  The  motor  78  can  rotate  lead  screw 
shaft  252  to  move  spool  248  downward  within  bore 
288  until  reduced  diameter  portion  294  is  out  of 
registry  with  lateral  bore  296,  thus  defining  the 
closed  position  of  spool  248.  It  is  noted  that  when 
spool  248  is  in  its  closed  position,  there  is  not  a 
closed  seal  between  lateral  ports  296  and  298,  but 
the  close  fit  between  spool  248  and  bore  288  is 
sufficient  to  prevent  any  significant  oil  flow  thereth- 
rough. 

It  is  noted  that  the  lower  tube  head  238  seen  in 
FIG.  9H  is  received  within  a  counterbore  316  of  the 
valve  bore  288  of  bypass  housing  section  104. 
Lower  tube  head  238  serves  as  the  bottom  pivot 
pin  for  the  control  system  framework  means  194. 
Thus  the  arcuate  arm  198  with  the  four  attached 
tubes  202,  204,  206  and  208  pivot  relative  to  hous- 
ing  52  about  the  pivotal  axis  210  defined  by  pivot 
pin  196  and  by  the  lower  tube  head  238. 

As  is  seen  in  FIG.  11,  the  framework  means 
194  includes  an  arcuate  bracket  318  interconnec- 
ting  the  lower  ends  (not  shown)  of  tubes  202,  204, 
206  and  208.  Screws  320  hold  the  bracket  318  in 
place  when  the  framework  means  194  is  in  its 
normal  position  received  within  the  arcuate  recess 
190. 

As  previously  mentioned,  the  pivotal  mounting 
of  control  system  framework  means  194  upon  the 
housing  52  allows  it  to  be  pivoted  to  its  open 
service  position  as  shown  in  phantom  lines  in  FIG. 
11  so  that  the  batteries  can  be  removed  and  re- 
placed  in  tubes  206  and  208  and  so  that  the 
electronic  components  in  tube  204  can  be  removed 
and  serviced. 

Additionally,  the  mounting  means  200  seen  in 
FIG.  9G  can  be  completely  removed  from  the  by- 
pass  housing  section  104  thus  allowing  the  entire 
control  system  framework  means  194  to  slide  up- 

ward  until  valve  spool  248  is  completely  removed 
from  valve  bore  288,  thus  permitting  the  framework 
means  194  to  be  completely  separated  from  the 
tool  housing  52  without  breaking  apart  the  tool 

5  housing  52  at  any  threaded  joint  thereof. 

Manner  Of  Operation  Of  The  Apparatus  Of  FIGS.  2 
And~9 

10  The  downhole  tool  50  is  lowered  into  a  well  on 
a  test  string  until  it  reaches  a  depth  at  which  it  is 
desired  to  test  the  well.  A  packer  (not  shown)  in 
place  in  the  test  string  is  set  against  the  well  bore 
to  seal  the  well  annulus  below  the  tester  valve  50. 

is  The  tool  50  may  initially  be  run  into  the  well  with 
the  spool  valve  248  in  its  closed  position  closing 
the  bypass  passage  means  72. 

After  the  packer  has  been  set,  the  tester  valve 
64  can  be  opened  by  applying  a  predetermined 

20  pressure  to  the  well  annulus  thus  shearing  the 
shear  pin  156  and  allowing  the  power  piston  54  to 
move  downward  within  housing  52  thus  moving  the 
spherical  ball  valve  element  122  to  an  open  posi- 
tion. 

25  After  a  sufficient  time  has  passed,  the  well 
annulus  pressure  will  nearly  equalize  through  the 
metering  cartridge  184.  The  pressure  in  the  nitro- 
gen  chamber  59  will  stabilize  to  a  value  slightly 
less  than  well  annulus  pressure  because  of  the 

30  presence  of  the  back  pressure  check  valve  187. 
This  maintains  a  slight  pressure  differential  across 
the  power  piston  54  and  helps  to  maintain  it  in  its 
open  position.  Then  well  annulus  pressure  may  be 
decreased  rapidly  to  hydrostatic  pressure  thus  re- 

35  closing  the  spherical  ball  valve  member  122.  Again, 
as  the  well  annulus  pressure  equalizes  across  the 
metering  cartridge  184,  the  pressure  retained  in 
nitrogen  chamber  59  will  be  at  a  pressure  slightly 
above  the  hydrostatic  well  annulus  pressure  be- 

40  cause  of  the  effect  of  the  back  pressure  check 
valve  (not  shown)  in  the  depressurizing  passage 
(not  shown)  of  metering  cartridge  184.  This  small 
pressure  differential  helps  to  keep  the  power  piston 
54  in  its  closed  position. 

45  The  power  piston  54  of  tool  50  is  powered 
entirely  by  hydraulic  energy  provided  to  fluid  in  the 
tool  50  which  fluid  is  pressurized  by  increasing  well 
annulus  pressure  above  hydrostatic  pressure.  Fur- 
ther,  the  tool  50  is  endlessly  cyclable  between  its 

50  first  and  second  positions.  That  is,  there  is  no  limit 
to  the  number  of  times  that  the  valve  element  64 
can  be  opened  by  rapidly  increasing  well  annulus 
pressure  and  subsequently  reclosed  by  rapidly  de- 
creasing  well  annulus  pressure. 

55  At  any  time  when  the  tool  50  is  in  the  well,  if  it 
is  desired  to  deactivate  the  tool  so  that  the  power 
piston  54  will  no  longer  be  moved  by  rapid 
changes  in  well  annulus  pressure,  the  same  can  be 

9 
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accomplished  with  the  deactivating  means  66.  This 
might  be  desirable  when  for  example  other  annulus 
pressure  responsive  tools  need  to  be  manipulated 
without  concern  for  undesired  premature  operation 
of  the  tool  50. 

This  is  accomplished  by  transmitting  a  com- 
mand  signal  down  the  well  annulus  26.  The  com- 
mand  signal  will  be  a  pressure  pulse  of  predeter- 
mined  character  which  will  be  recognized  by  the 
deactivating  means  66. 

This  command  signal  is  detected  at  the  tool  50 
by  the  pressure  sensor  84  which  creates  an  elec- 
trical  signal  detected  and  recognized  by  micropro- 
cessor  means  86  which  in  turn  controls  the  opera- 
tion  of  electric  motor  78  to  cause  the  valve  spool 
248  to  move  to  its  open  position  as  illustrated  in 
FIGS.  9H-9I  thus  opening  the  bypass  passage  72 
and  bypassing  well  annulus  fluid  around  the  meter- 
ing  cartridge  184  and  particularly  around  the  re- 
stricted  orifices  such  as  185  thereof. 

This  temporarily  deactivates  the  power  piston 
54  of  tool  50  in  response  to  detection  of  this 
command  signal  so  that  the  power  piston  54  is  no 
longer  responsive  to  changes  in  well  annulus  pres- 
sure. 

This  bypassing  of  well  annulus  fluid  around  the 
metering  cartridge  184  balances  well  annulus  pres- 
sure  across  the  power  piston  54. 

Subsequently,  if  it  is  desired  to  again  utilize  the 
tool  50,  a  second  command  signal  is  transmitted 
down  the  well  annulus,  and  is  detected  by  the 
pressure  sensor  84  and  microprocessor  means  86 
which  will  cause  the  motor  74  to  move  the  valve 
spool  248  down  to  its  closed  position  thus  closing 
the  bypass  passage  means  72  and  thereby  reac- 
tivating  the  power  piston  54  so  that  the  power 
piston  54  will  again  be  responsive  to  changes  in 
well  annulus  pressure. 

Then  the  well  annulus  pressure  can  be 
changed  to  again  move  the  power  piston  54  and 
open  and  close  the  spherical  valve  member  122  as 
desired. 

Another  important  feature  of  the  tool  50  is  that 
the  ball  valve  122  can  be  opened  in  the  manner 
just  described,  and  then  the  tool  50  can  be  deacti- 
vated  before  releasing  well  annulus  pressure.  This 
allows  the  tool  50  to  be  opened  with  annulus  pres- 
sure  and  then  left  open  after  annulus  pressure  is 
released. 

There  are  a  couple  of  ways  to  reclose  the  valve 
122  of  tool  50  after  it  is  left  open  in  the  manner  just 
described.  First,  the  tool  50  can  be  signaled  to 
activate  the  metering  means  70  and  keep  it  ac- 
tivated  until  annulus  pressure  was  increased  and 
then  decreased.  The  tool  would  stay  open  as  an- 
nulus  pressure  was  increased,  but  then  would  close 
when  pressure  was  again  released.  Alternatively, 
the  tool  50  can  be  signaled  to  enable  the  metering 

means  70  after  annulus  pressure  has  been  in- 
creased.  This  traps  the  increased  annulus  pressure 
in  the  nitrogen  chamber.  Then  upon  decreasing 
annulus  pressure  the  valve  122  would  be  closed. 

5  Also,  it  is  possible  to  have  several  tools 
equipped  with  a  deactivating  means  like  deactivat- 
ing  means  66,  all  of  those  tools  being  in  the  same 
tool  string  and  being  constructed  to  respond  to 
different  signals.  For  example,  a  tool  string  could 

io  include  a  tester  valve  and  a  circulating  valve,  each 
responding  to  different  pressure  signals  and  being 
operated  independently  of  each  other. 

Also,  as  previously  mentioned,  the  deactivating 
means  66  can  be  constructed  to  respond  to  signals 

is  other  than  annulus  pressure  signals.  For  example, 
it  can  be  responsive  to  acoustic  signals  or  could 
automatically  be  disabled  in  response  to  clock  set- 
tings. 

20  Other  Embodiments  Of  The  Invention 

The  present  invention  is  applicable  to  many 
different  types  of  downhole  tools,  and  the  tester 
valve  illustrated  in  FIGS.  9A-9L  is  for  purposes  of 

25  illustration  only.  The  invention  can  be  applied  to 
any  number  of  other  tools  such  as  circulation 
valves,  samplers  and  the  like. 

Additionally,  the  concept  of  deactivating  an  an- 
nulus  pressure  responsive  tool  is  applicable  to 

30  many  other  annulus  pressure  responsive  operating 
systems  other  than  that  one  particular  prior  art 
system  schematically  illustrated  in  FIG.  1. 

For  example,  FIGS.  4  and  7  schematically  illus- 
trate  two  other  types  of  annulus  pressure  respon- 

35  sive  operating  systems  known  to  the  prior  art. 
FIGS.  5  and  6  illustrate  applications  of  the  present 
invention  to  systems  of  the  type  shown  in  FIG.  4, 
and  FIG.  8  schematically  illustrates  the  application 
of  the  present  invention  to  systems  of  the  type 

40  shown  in  FIG.  7. 
The  prior  system  illustrated  in  FIG.  4  is  some- 

what  similar  to  that  previously  described  with  re- 
gard  to  FIG.  1,  except  that  there  is  no  metering 
means  32  or  other  time  delay  means  placed  in  the 

45  second  fluid  conducting  passageway  28.  Instead, 
an  isolation  valve  means  322  is  provided  in  the  tool 
between  the  well  annulus  26  and  the  mud  chamber 
44.  The  tool  is  lowered  into  the  well  with  the 
isolation  valve  322  in  an  open  position  so  that  the 

50  pressure  in  nitrogen  chamber  34  will  be  equivalent 
to  hydrostatic  pressure  in  the  well  annulus  26. 
Then,  when  the  well  tool  is  at  its  final  depth,  the 
isolation  valve  322  is  closed  so  as  to  trap  the 
nitrogen  at  substantially  hydrostatic  pressure  at  that 

55  depth  within  the  well  annulus.  Subsequently,  well 
annulus  pressure  is  increased  to  create  a  pressure 
differential  relative  to  the  trapped  hydrostatic  pres- 
sure  in  nitrogen  chamber  34.  A  typical  example  of 

10 
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such  a  prior  art  system  is  seen  in  U.  S.  Patent  No. 
3,856,085  to  Holden  et  al. 

FIG.  5  illustrates  one  method  by  which  a  tool 
like  that  shown  in  FIG.  4  can  be  deactivated  with 
the  deactivating  means  66.  The  electric  motor  con- 
trolled  valve  means  74  is  placed  between  the  well 
annulus  26  and  the  first  side  24  of  power  piston  22 
so  that  the  power  piston  22  can  be  deactivated  by 
isolating  the  power  piston  22  from  the  well  annulus 
26  when  the  valve  element  76  is  closed.  With  the 
valve  element  76  closed,  changes  in  well  annulus 
pressure  are  not  sensed  by  power  piston  22  and 
thus  the  tool  does  not  operate.  Subsequently,  the 
tool  can  be  reactivated  by  opening  the  valve  ele- 
ment  76. 

In  the  embodiment  of  FIG.  6,  a  tool  having  an 
operating  mechanism  generally  like  that  of  the  prior 
art  tool  of  FIG.  4  has  been  modified  in  a  different 
manner  by  replacing  the  isolation  valve  322  with 
the  electric  motor  controlled  valve  74.  The  valve 
element  76  can  be  placed  in  an  open  position 
when  it  is  desired  to  deactivate  the  tool.  When  the 
valve  element  76  is  in  an  open  position,  well  an- 
nulus  pressure  is  balanced  across  the  power  piston 
22  so  it  will  not  move  in  response  to  changes  in 
well  annulus  pressure.  The  tool  can  again  be  reac- 
tivated  by  closing  the  valve  element  76  to  trap 
hydrostatic  pressure  in  chamber  44  which  will  then 
serve  as  a  reference  pressure  against  which  in- 
creased  well  annulus  pressure  can  operate  to  move 
the  power  piston  22. 

FIG.  7  illustrates  another  typical  operating 
mechanism  for  prior  art  annulus  pressure  respon- 
sive  tools  wherein  the  nitrogen  chamber  34  is  a 
simple  sealed  chamber  which  is  precharged  prior 
to  the  time  the  tool  is  placed  in  the  well.  The 
compressed  gas  in  nitrogen  chamber  34  serves  as 
a  compressible  fluid  spring  against  which  well  an- 
nulus  pressure  operates  to  cause  the  power  piston 
22  to  move  back  and  forth  to  operate  the  tester 
valve  18  or  other  operating  mechanism  of  the  tool. 
An  example  of  such  a  tool  is  seen  in  U.  S.  Patent 
No.  3,664,415  to  Wray  et  al. 

As  illustrated  in  FIG.  8,  the  present  invention 
can  be  applied  to  a  tool  utilizing  an  operating 
mechanism  similar  to  that  shown  in  FIG.  7  by 
placing  the  electric  motor  controlled  valve  74  be- 
tween  the  first  side  24  of  power  piston  22  and  the 
well  annulus  26.  When  the  valve  element  76  is 
closed,  the  power  piston  22  is  isolated  from  the 
well  annulus  26  thus  preventing  operation  of  the 
tool.  The  tool  can  be  reactivated  by  opening  the 
valve  element  76  so  that  changes  in  well  annulus 
pressure  26  as  contrasted  to  the  reference  pres- 
sure  in  chamber  34  can  cause  the  power  piston  22 
to  move  back  and  forth  to  operate  the  valve  mem- 
ber  18. 

Claims 

1.  An  operating  apparatus  for  controlling  tools 
used  in  a  hydrocarbon  wellbore,  which  appara- 

5  tus  comprises  means  for  generating  a  com- 
mand  signal;  means  (84)  for  sensing  said  com- 
mand  signal;  means  (86)  for  interpreting  said 
sensing  means;  an  electric  motor  (78)  respon- 
sive  to  said  interpreting  means;  and  battery 

io  means  (88)  for  supplying  electrical  current  to 
said  interpreting  means  (86)  and  said  electric 
motor  (78). 

2.  Apparatus  according  to  claim  1,  further  com- 
15  prising  a  shaft  (80)  operably  associated  with 

said  electric  motor  (78)  so  that  when  said 
electric  motor  is  energized  said  shaft  rotates, 
and  when  said  electric  motor  is  de-energized, 
said  shaft  stops  rotation. 

20 
3.  Apparatus  according  to  claim  1,  wherein  said 

sensing  means  comprises  a  pressure  sensor 
(84)  that  creates  an  electrical  signal  in  re- 
sponse  to  changes  in  pressure  in  the  wellbore. 

25 
4.  Apparatus  according  to  claim  2,  wherein  said 

interpreting  means  (86)  comprises  a  micro- 
processor  pre-programmed  to  interpret  the 
electrical  signals  created  by  said  pressure  sen- 

30  sor  (84). 

5.  Apparatus  according  to  claim  3,  which  is 
adapted  to  respond  to  a  command  signal  com- 
prising  a  first  pressure  increase  in  the  well- 

35  bore;  a  first  pressure  decrease  in  the  wellbore; 
a  second  pressure  increase  in  the  wellbore; 
and  a  second  pressure  decrease  in  the  well- 
bore. 

40  6.  Apparatus  according  to  claim  3,  which  is 
adapted  to  respond  to  a  command  signal  com- 
prising  a  plurality  of  pressure  pulses  in  the 
wellbore. 

45  7.  Apparatus  according  to  claim  3,  which  is 
adapted  to  respond  to  a  command  signal  com- 
prising  a  multi-level  single  pulse  pressure  in- 
crease  followed  by  a  multi-level  signal  pulse 
pressure  decrease. 

11 
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