
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number  :  0  500   3 4 3   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

@  Application  number:  92301364.3  @  Int.  CI.5:  E21B  23/04,  E21B  34 /10 ,  

(g)  Date  of  filing  :  19.02.92  E21  B  4 1 / 0 0  

(30)  Priority  :  20.02.91  US  658485  @  Inventor  :  Skinner,  Neal  G. 
1219  Indian  Paint 

(43)  Date  of  publication  of  application  :  Lewisville,  Texas  75067  (US) 
26.08.92  Bulletin  92/35 

(74)  Representative  :  Wain,  Christopher  Paul  et  al 
@)  Designated  Contracting  States  :  A.A.  THORNTON  &  CO.  Northumberland 

DE  DK  FR  GB  IT  NL  House  303-306  High  Holborn 
London  WC1V  7LE  (GB) 

(7j)  Applicant  :  HALLIBURTON  COMPANY 
P.O.  Drawer  1431 
Duncan  Oklahoma  73536  (US) 

CO 
CO 
o  
o  
If) 

LU 

(54)  Downhole  tool  with  hydraulic  actuating  system. 

(57)  A  downhole  tool  apparatus  which  is  operable 
on  a  pressure  differential  between  the  well  an- 
nulus  and  a  substantially  atmospheric  pressure 
dump  chamber  defined  in  the  tool,  comprises  a 
housing  (102)  having  a  power  chamber  (104),  a 
high  pressure  source  chamber  (106)  and  a  low 
pressure  dump  chamber  (108)  defined  therein, 
said  housing  having  a  power  port  means  (110) 
defined  therein  for  communicating  said  high 
pressure  source  chamber  with  a  well  annulus 
(40)  surrounding  said  housing  ;  a  power  piston 
(112)  slidably  disposed  in  said  power  chamber 
(104)  and  dividing  said  power  chamber  into  first 
(114)  and  second  (116)  power  chamber  por- 
tions;  a  pressure  transfer  piston  (118),  slidably 
disposed  in  said  high  pressure  source  chamber 
(106)  and  dividing  said  high  pressure  source 
chamber  into  a  well  side  chamber  portion  (120) 
and  a  tool  side  chamber  portion  (122),  said  well 
side  chamber  portion  being  in  fluid  flow  com- 
munication  with  said  power  port  means  (110); 
said  housing  further  includes  power  passage 
means  (124)  defined  therein  whereby  there  is 
fluid  pressure  communication  between  said 
power  chamber  (1  04)  and  each  of  said  well  side 
chamber  portion  (120)  and  said  low  pressure 
dump  chamber  (108);  electric  solenoid  control 
valve  means  (126)  for  selectively  controlling 
fluid  pressure  communication  between  said 
power  chamber  (1  04)  and  each  of  said  tool  side 
chamber  portion  (122)  and  said  low  pressure 
dump  chamber  (108),  said  electric  solenoid 
control  valve  means  having  a  first  position  whe- 
rein  said  first  power  chamber  portion  (114)  is 
communicated  with  said  tool  side  chamber  por- 
tion  (122)  and  said  second  power  chamber 
portion  (116)  is  communicated  with  said  low 
pressure  dump  chamber  (108),  so  that  a  press- 
ure  differential  between  said  well  annulus  (40) 
and  said  low  pressure  dump  chamber  (108)  acts 
in  a  first  direction  across  said  power  piston 

(112);  and  a  second  position  wherein  said  first 
power  chamber  portion  (114)  is  communicated 
with  said  low  pressure  dump  chamber  (108)  and 
said  second  power  chamber  portion  (116)  is 
communicated  with  said  tool  side  chamber  por- 
tion  (122)  so  that  said  pressure  differential 
between  said  well  annulus  (40)  and  said  low 
pressure  dump  chamber  (108)  acts  in  a  second 
direction  across  said  power  piston  (112);  and 
pressure  regulator  means  (146)  for  regulating 
the  fluid  pressure  supplied  from  said  high  pres- 
sure  source  chamber  (106)  to  said  electric  sole- 
noid  control  valve  means  (126). 
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The  present  invention  relates  generally  to  a  dow- 
nhole  tool  and,  more  particularly,  to  a  downhole  tool 
actuable  in  response  to  a  pressure  differential. 

The  use  of  most  downhole  tools  involves  surface 
manipulation  of  a  downhole  operation  system  to 
accomplish  a  task  such  as  opening  a  valve,  for 
example  the  opening  and  closing  of  a  tester  valve  or 
a  circulation  valve.  This  process  usually  involves  a 
linear  actuator,  i.e.  a  power  piston,  which  works  off  a 
pressure  differential  acting  across  a  hydraulic  area. 
There  are  several  ways  in  which  this  pressure  diffe- 
rential  can  be  achieved  to  operate  such  a  linear 
actuator. 

One  technique  is  the  use  of  a  nitrogen  charged 
system  in  which  the  nitrogen  acts  as  a  spring  which 
supports  hydrostatic  well  annulus  pressure,  but  which 
can  be  further  compressed  with  applied  pressure  at 
the  surface  allowing  linear  actuation  across  a  hyd- 
raulic  area  downhole.  An  example  of  such  a  tool  is 
seen  in  U.S.  Patent  No.  4,711,305  to  Ringgenberg. 

Another  system  provides  first  and  second  press- 
ure  conducting  passages  from  eitherside  of  the  power 
piston  to  the  well  annulus.  A  metering  orifice  type  of 
retarding  means  is  disposed  in  the  second  pressure 
conducting  passage  for  providing  a  time  delay  in  com- 
munication  of  changes  in  well  annulus  pressure  to  the 
second  side  of  the  power  piston.  Accordingly,  a  rapid 
increase  or  rapid  decrease  in  well  annulus  pressure 
causes  a  temporary  pressure  differential  across  the 
piston  which  moves  the  piston.  An  example  of  such  a 
system  is  seen  in  U.S.  Patent  No.  4,422,506  to  Beck. 

Still  another  approach  is  to  provide  both  high  and 
low  pressure  sources  within  the  tool  itself  by  providing 
a  pressurized  hydraulic  fluid  supply  and  an  essentially 
atmospheric  pressure  dump  chamber.  Such  an 
approach  is  seen  in  U.S.  Patent  No.  4,375,239  to  Bar- 
rington  et  al. 

Another  approach  is  to  utilize  the  well  annulus 
pressure  as  a  high  pressure  source,  and  to  provide  an 
essentially  atmospheric  pressure  dump  chamber  as 
the  low  pressure  zone  within  the  tool  itself.  Such  an 
approach  is  seen  in  U.S.  Patents  Nos.  4,796,699; 
4,856,595;  4,915,168;  and  4,896,722,  all  to 
Upchurch. 

We  have  now  devised  a  downhole  tool  of  a  type 
generally  similar  to  that  disclosed  in  the  Upchurch 
patents  identified  above,  in  that  it  utilizes  a  pressure 
differential  between  the  well  annulus  and  an  essen- 
tially  atmospheric  pressure  dump  chamber  defined 
within  the  tool.  The  present  tool  is  greatly  simplified, 
however,  as  compared  to  the  Upchurch  arrangement. 

According  to  the  present  invention,  there  is  pro- 
vided  a  downhole  tool  apparatus  which  comprises  a 
housing  having  a  power  chamber,  a  high  pressure 
source  chamber  and  a  low  pressure  dump  chamber 
defined  therein,  said  housing  having  a  power  port 
means  defined  therein  for  communicating  said  high 
pressure  source  chamber  with  a  well  annulus  sur- 

rounding  said  housing;  a  power  piston  slidably  dis- 
posed  in  said  power  chamber  and  dividing  said  power 
chamber  into  first  and  second  power  chamber  por- 
tions;  a  pressure  transfer  piston,  slidably  disposed  in 

5  said  high  pressure  source  chamber  and  dividing  said 
high  pressure  source  chamber  into  a  well  side  cham- 
ber  portion  and  a  tool  side  chamber  portion,  said  well 
side  chamber  portion  being  in  fluid  flow  communi- 
cation  with  said  power  port  means;  said  housing 

10  further  includes  power  passage  means  defined  the- 
rein  whereby  there  is  fluid  pressure  communication 
between  said  power  chamber  and  each  of  said  well 
side  chamber  portion  and  said  low  pressure  dump 
chamber;  electric  solenoid  control  valve  means  for 

15  selectively  controlling  fluid  pressure  communication 
between  said  power  chamber  and  each  of  said  tool 
side  chamber  portion  and  said  low  pressure  dump 
chamber,  said  electric  solenoid  control  valve  means 
having  a  first  position  wherein  said  first  power  cham- 

20  ber  portion  is  communicated  with  said  tool  side  cham- 
ber  portion  and  said  second  power  chamber  portion  is 
communicated  with  said  low  pressure  dump  chamber, 
so  that  a  pressure  differential  between  said  well 
annulus  and  said  low  pressure  dump  chamber  acts  in 

25  a  first  direction  across  said  power  piston;  and  a  sec- 
ond  position  wherein  said  first  power  chamber  portion 
is  communicated  with  said  low  pressure  dump  cham- 
ber  and  said  second  power  chamber  portion  is  com- 
municated  with  said  tool  side  chamber  portion  so  that 

30  said  pressure  differential  between  said  well  annulus 
and  said  low  pressure  dump  chamberacts  in  a  second 
direction  across  said  power  piston;  and  pressure 
regulator  means  for  regulating  the  fluid  pressure  sup- 
plied  from  said  high  pressure  source  chamber  to  said 

35  electric  solenoid  control  valve  means. 
Generally,  the  power  passage  means  includes 

four  flow  paths  defined  therein.  A  first  flow  path  com- 
municates  the  first  power  chamber  portion  with  the 
tool  side  chamber  portion  of  the  high  pressure  source 

40  chamber.  A  second  flow  path  communicates  the  sec- 
ond  power  chamber  portion  with  the  low  pressure 
dump  chamber.  A  third  flow  path  communicates  the 
second  power  chamber  portion  with  the  tool  side 
chamber  portion  of  the  high  pressure  source  cham- 

45  ber.  The  fourth  flow  path  communicates  the  first 
power  chamber  portion  with  the  low  pressure  dump 
chamber. 

The  electric  solenoid  control  valve  means  is  pref- 
erably  a  normally  closed  electric  solenoid  control 

so  valve  means  which  in  the  absence  of  electrical  power 
is  in  a  normally  closed  position  wherein  the  power 
chamber  is  isolated  from  the  tool  side  chamber  portion 
and  the  low  pressure  dump  chamber  to  hydraulically 
lock  the  power  piston  in  place  within  the  power  cham- 

55  ber. 
The  electric  solenoid  control  valve  means  prefer- 

ably  includes  separate  first,  second,  third  and  fourth 
electric  solenoid  control  valves  disposed  directly  in 
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the  first,  second,  third  and  fourth  flow  paths,  respect- 
ively,  for  controlling  flow  therethrough. 

The  first  and  second  electric  solenoid  control  val- 
ves  are  wired  in  parallel  so  that  they  are  actuated  sim- 
ultaneously.  The  third  and  fourth  electric  solenoid 
control  valves  are  also  wired  in  parallel  so  that  they 
are  actuated  simultaneously. 

Preferably,  the  apparatus  also  includes  a  press- 
ure  regulator  means  disposed  in  the  first  and  third  flow 
paths  for  regulating  the  fluid  pressure  supplied  from 
the  high  pressure  source  chamber.  This  pressure 
regulator  means  is  referenced  to  the  low  pressure  in 
the  dump  chamber. 

This  operating  system  can  be  applied  to  many  dif- 
ferent  downhole  tools,  and  is  particularly  useful  in 
connection  with  formation  tester  valves  and  circulat- 
ing  valves. 

The  system  is  constructed  for  use  in  a  remote 
control  valve  means  is  controlled  in  response  to  a 
command  signal  transmitted  from  a  remote  location 
adjacent  a  well  in  which  the  tool  is  placed. 

In  order  that  the  invention  may  be  more  fully 
understood,  reference  is  made  to  the  accompanying 
drawings,  wherein: 

FIG.  1  is  an  elevational  schematic  view  of  a  typi- 
cal  well  test  string  in  which  the  apparatus  of  the 
present  invention  may  be  incorporated;  and 
FIG.  2  is  a  schematic  illustration  of  one  embodi- 
ment  of  downhole  tool  of  the  present  invention, 
given  by  way  of  illustration. 
During  the  course  of  drilling  an  oil  well,  the  bore 

hole  is  filled  with  fluid  known  as  drilling  fluid  or  drilling 
mud.  One  of  the  purposes  of  this  drilling  fluid  is  to  con- 
tain  in  intersected  formations  any  formation  fluid 
which  may  be  found  there.  To  contain  these  formation 
fluids  the  drilling  mud  is  weighted  with  various  addi- 
tives  so  that  the  hydrostatic  pressure  of  the  mud  at  the 
formation  depth  is  sufficient  to  maintain  the  formation 
fluid  within  the  formation  without  allowing  it  to  escape 
into  the  borehole.  Drilling  fluids  and  formation  fluids 
can  all  be  generally  referred  to  as  well  fluids. 

When  it  is  desired  to  test  the  production  capabili- 
ties  of  the  formation,  a  testing  string  is  lowered  into  the 
borehole  to  the  formation  depth  and  the  formation  fluid 
is  allowed  to  flow  into  the  string  in  a  controlled  testing 
program. 

Sometimes,  lower  pressure  is  maintained  in  the 
interior  of  the  testing  as  it  is  lowered  into  the  borehole. 
This  is  usually  done  by  keeping  a  formation  tester 
valve  in  the  closed  position  near  the  lower  end  of  the 
testing  string.  When  the  testing  depth  is  reached,  a 
packer  is  set  to  seal  the  borehole,  thus  closing  the  for- 
mation  from  the  hydrostatic  pressure  of  the  drilling 
fluid  in  the  well  annulus.  The  formation  tester  valve  at 
the  lower  end  of  the  testing  string  is  then  opened  and 
the  formation  fluid,  free  from  the  restraining  pressure 
of  the  drilling  fluid,  can  flow  into  the  interior  of  the  test- 
ing  string. 

At  other  times  the  conditions  are  such  that  it  is 
desirable  to  fill  the  testing  string  above  the  formation 
tester  valve  with  liquid  as  the  testing  string  is  lowered 
into  the  well.  This  may  be  for  the  purpose  of  equalizing 

5  the  hydrostatic  pressure  head  across  the  walls  of  the 
test  string  to  prevent  inward  collapse  of  the  pipe 
and/or  may  be  for  the  purpose  of  permitting  pressure 
testing  of  the  test  string  as  it  is  lowered  into  the  well. 

The  well  testing  program  includes  intervals  of  for- 
10  mation  flow  and  intervals  when  the  formation  is  closed 

in.  Pressure  recordings  are  taken  throughout  the  pro- 
gram  for  later  analysis  to  determine  the  production 
capability  of  the  formation.  If  desired,  a  sample  of  the 
formation  fluid  may  be  caught  in  a  suitable  sample 

15  chamber. 
At  the  end  of  the  well  testing  program,  a  circu- 

lation  valve  in  the  test  string  is  opened,  formation  fluid 
in  the  testing  string  is  circulated  out,  the  packer  is 
released,  and  the  testing  string  is  withdrawn. 

20  A  typical  arrangement  for  conducting  a  drill  stem 
test  offshore  is  shown  in  FIG.  1  .  Of  course,  the  present 
invention  may  also  be  used  on  wells  located  onshore. 

The  arrangement  of  the  offshore  system  includes 
a  floating  work  station  1  0  stationed  over  a  submerged 

25  worksite  12.  The  well  comprises  a  well  bore  14,  which 
typically  is  lined  with  a  casing  string  16  extending  from 
the  work  site  12  to  a  submerged  formation  18.  It  will 
be  appreciated,  however,  that  the  present  invention 
can  also  be  used  to  test  a  well  which  has  not  yet  had 

30  the  casing  set  therein. 
The  casing  string  includes  a  plurality  of  perfor- 

ations  19  at  its  lower  end  which  provide  communi- 
cation  between  the  formation  18  and  a  lower  interior 
zone  or  annulus  20  of  the  well  bore  14. 

35  At  the  submerged  well  site  12  is  located  the  well 
head  installation  22  which  includes  blowout  preventer 
mechanisms  23.  A  marine  conductor  24  extends  from 
the  well  head  installation  22  to  the  floating  work  sta- 
tion  10.  The  floating  work  station  10  includes  a  work 

40  deck  26  which  supports  a  derrick  28.  The  derrick  28 
supports  a  hoisting  means  30.  A  well  head  closure  32 
is  provided  at  the  upper  end  of  the  marine  conductor 
24.  The  well  head  closure  32  allows  for  lowering  into 
the  marine  conductor  and  into  the  well  bore  14  a  for- 

45  mation  testing  string  34  which  is  raised  and  lowered 
in  the  well  by  the  hoisting  means  30.  The  testing  string 
34  may  also  generally  be  referred  to  as  a  tubing  string 
34. 

A  supply  conduct  36  is  provided  which  extends 
so  from  a  hydraulic  pump  38  on  the  deck  26  of  the  float- 

ing  station  1  0  and  extends  to  the  well  head  installation 
22  at  a  point  below  the  blowout  preventer  23  to  allow 
the  pressurizing  of  the  well  annulus  40  defined  be- 
tween  the  testing  string  34  and  the  well  bore  14. 

55  The  testing  string  34  includes  an  upper  conduit 
string  portion  42  extending  from  the  work  deck  26  to 
the  well  head  installation  22.  A  subsea  test  tree  44  is 
located  at  the  lower  end  of  the  upper  conduit  string  42 

3 
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and  is  landed  in  the  well  head  installation  22. 
The  lower  portion  of  the  formation  testing  string 

34  extends  from  the  test  tree  44  to  the  formation  18. 
A  packer  mechanism  46  isolates  the  formation  18 
from  fluids  in  the  well  annulus  40.  Thus,  an  interior  or 
tubing  string  bore  of  the  tubing  string  34  is  isolated 
from  the  upper  well  annulus  40  above  packer  46.  Also, 
the  upper  well  annulus  40  above  packer  46  is  isolated 
from  the  lower  zone  20  of  the  well  which  is  often  refer- 
red  to  as  the  rat  hole  20. 

A  perforated  tail  piece  48  provided  at  the  lower 
end  of  the  testing  string  34  allows  fluid  communication 
between  the  formation  18  and  the  interior  of  the  tubu- 
lar  formation  testing  string  34. 

The  lower  portion  of  the  formation  testing  string 
34  further  includes  intermediate  conduit  portion  50 
and  torque  transmitting  pressure  and  volume 
balanced  slip  joint  means  52.  An  intermediate  conduit 
portion  54  is  provided  for  imparting  packer  setting 
weight  to  the  packer  mechanism  46  at  the  lower  end 
of  the  string. 

It  is  many  times  desirable  to  place  near  the  lower 
end  of  the  testing  string  34  a  circulation  valve  56 
which  may  be  opened  by  rotation  or  reciprocation  of 
the  testing  string  or  a  combination  of  both  or  by  drop- 
ping  of  a  weighted  bar  in  the  interior  of  the  testing 
string  34.  Below  circulating  valve  56  there  may  be 
located  a  combination  sampler  valve  section  and 
reverse  circulation  valve  58. 

Also  near  the  lower  end  of  the  formation  testing 
string  34  is  located  a  formation  tester  valve  60. 
Immediately  above  the  formation  tester  valve  60  there 
may  be  located  a  drill  pipe  tester  valve  62. 

A  pressure  recording  device  64  is  located  below 
the  formation  tester  valve  60.  The  pressure  recording 
device  64  is  preferably  one  which  provides  a  full  open- 
ing  passageway  through  the  center  of  the  pressure 
recorder  to  provide  a  full  opening  passageway 
through  the  entire  length  of  the  formation  testing 
string. 

The  present  invention  relates  to  a  system  for 
actuating  various  ones  of  the  tools  found  in  such  a 
testing  string  34,  and  relates  to  novel  constructions  of 
such  tools  designed  for  use  with  this  new  actuating 
system.  Typical  examples  of  the  tools  to  which  this 
new  actuating  system  may  be  applied  would  be  the 
formation  tester  valve  60  and/or  the  reverse  circulat- 
ing  valve  58. 

The  Present  Invention 

FIG.  2  schematically  illustrates  one  embodiment 
of  a  downhole  tool  utilizing  the  present  invention.  In 
FIG.  2,  a  downhole  tool  apparatus  is  shown  schemati- 
cally  and  is  generally  designated  by  the  numeral  100. 
The  downhole  tool  apparatus  100  is  a  tool  for  use  in 
a  well  such  as  that  previously  described  with  regard 
to  FIG.  1.  The  downhole  tool  100  may,  for  example, 

be  a  formation  tester  valve  in  the  location  shown  as 
60  in  FIG.  1  or  a  circulating  valve  in  the  location  shown 
as  58  in  FIG.  1.  The  present  invention  could  also  be 
used  with  other  ones  of  the  tools  shown  in  the  tool 

5  string  in  FIG.  1. 
The  tool  1  00  has  a  housing  which  is  schematically 

illustrated  in  FIG.  2  and  designated  by  the  numeral 
102.  The  housing  102  has  a  power  chamber  104,  a 
high  pressure  source  chamber  106,  and  a  low  press- 

10  ure  dump  chamber  108  defined  therein. 
The  housing  102  has  a  power  port  means  110 

defined  therein  for  communicating  the  high  pressure 
source  chamber  106  with  the  well  annulus  40  sur- 
rounding  the  housing  102. 

15  The  apparatus  100  includes  a  power  piston  112 
slidably  disposed  in  the  power  chamber  1  04  and  divi- 
ding  the  power  chamber  104  into  first  and  second 
power  chamber  portions  114  and  116,  respectively. 

The  apparatus  100  includes  a  pressure  transfer 
20  piston  118  slidably  disposed  in  the  high  pressure 

source  chamber  106  and  dividing  the  high  pressure 
source  chamber  1  06  into  a  well  side  chamber  portion 
120  and  a  tool  side  chamber  portion  122.  The  well 
side  chamber  portion  120  is  in  fluid  flow  communi- 

25  cation  with  the  power  port  110,  i.e.,  that  is  fluids  can 
flow  from  the  well  annulus  40  through  the  port  110  into 
the  well  side  chamber  portion  120. 

The  housing  102  further  includes  a  power  pas- 
sage  means  124  defined  therein  for  providing  fluid 

30  pressure  communication  between  the  power  cham- 
ber  1  04  and  each  of  the  well  side  chamber  portion  1  06 
and  the  low  pressure  dump  chamber  108.  The  power 
passage  means  124  is  made  up  of  various  passage 
serpents  designated  124A-124J. 

35  Passage  means  124  includes  a  first  flow  path 
defined  by  segments  124A,  124B  and  124C,  which 
communicates  the  first  power  chamber  portion  114 
with  the  tool  side  chamber  portion  122  of  high  press- 
ure  source  chamber  106. 

40  Power  passage  means  124  includes  a  second 
flow  path  made  up  of  serpents  124D,  124E  and  124F 
communicating  the  second  power  chamber  portion 
116  with  the  low  pressure  dump  chamber  108. 

The  power  passage  means  124  includes  a  third 
45  flow  path  made  up  of  serpents  124G,  124H  and  124C 

communicating  the  second  power  chamber  portion 
116  with  the  tool  side  chamber  portion  122  of  high 
pressure  source  chamber  1  06. 

The  power  passage  means  124  includes  a  fourth 
so  path  made  up  of  serpents  1241,  124J  and  124F  com- 

municating  the  first  power  chamber  portion  114  with 
the  low  pressure  dump  chamber  108. 

The  apparatus  100  includes  an  electric  solenoid 
control  valve  means  126  including  individual  normally 

55  closed  electric  solenoid  control  valves  126A,  126B, 
126C,  and  126D  directly  disposed  in  the  power  pas- 
sage  means  124  for  selectively  controlling  fluid  press- 
ure  communication  between  the  power  chamber  104 

4 
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and  each  of  the  tool  side  chamber  portion  122  and  the 
low  pressure  dump  chamber  108. 

The  apparatus  100  further  includes  a  microp- 
rocessor  based  electronic  control  package  128  pow- 
ered  by  batteries  or  other  power  source  130.  A 
sensing  means  132  is  operatively  connected  to  con- 
trol  package  128  by  wiring  134.  The  sensor  132  is 
designed  to  receive  a  command  signal  transmitted 
from  a  remote  location  136  located  upon  the  work 
deck  26  adjacent  the  well. 

A  first  electrical  wiring  means  138  interconnects 
the  microprocessor  based  electronic  control  package 
1  28  with  the  first  and  second  electric  solenoid  control 
valves  126A  and  126B,  so  that  those  valves  are  con- 
nected  in  parallel  and  are  actuated  at  the  same  time. 
Similarly,  a  second  electrical  wiring  means  140  con- 
nects  the  third  and  fourth  electric  solenoid  control  val- 
ves  126C  and  126D  with  the  electronic  control 
package  1  28  so  that  the  third  and  fourth  control  valves 
126C  and  126D  are  also  connected  in  parallel  so  that 
they  are  actuated  at  the  same  time. 

The  electronic  solenoid  control  valve  means  126 
has  a  first  position  wherein  valves  126Aand  126B  are 
energized  and  held  open  and  valves  126C  and  126D 
are  not  energized  and  thus  are  closed  so  that  the  first 
power  chamber  portion  1  14  is  communicated  with  the 
tool  side  chamber  portion  122  of  high  pressure  source 
chamber  106  and  the  second  power  chamber  portion 
116  is  communicated  with  the  low  pressure  dump 
chamber  108  so  that  a  pressure  differential  between 
the  well  annulus  40  and  the  low  pressure  dump  cham- 
ber  1  08  acts  in  a  first  direction  from  left  to  right  as  seen 
in  FIG.  2  across  the  power  piston  1  12  to  move  it  from 
left  to  right. 

The  electric  solenoid  control  valve  means  126 
has  a  second  position  wherein  the  third  and  fourth  val- 
ves  126Cand  126D  are  energized  and  thus  held  open 
and  the  first  and  second  valves  126A  and  126B  are 
not  energized  and  thus  are  closed,  thus  communicat- 
ing  the  first  power  chamber  portion  114  with  the  low 
pressure  dump  chamber  108  while  communicating 
the  second  power  chamber  portion  116  with  the  tool 
side  chamber  portion  122  of  high  pressure  source 
chamber  1  06  so  that  the  pressure  differential  between 
the  well  annulus  40  and  the  low  pressure  dump  cham- 
ber  1  08  acts  in  a  second  direction  from  right  to  left  as 
seen  in  FIG.  2  across  the  power  piston  112  thus  mov- 
ing  the  power  piston  112  back  from  right  to  left  within 
the  power  chamber  1  04. 

Finally,  the  electric  solenoid  control  valve  means 
1  26  has  a  third  position  wherein  all  of  the  valves  1  26A, 
126B,  126C  and  126D  are  non-energized  and  thus 
are  in  their  normally  closed  positions  thus  isolating 
both  sides  of  the  power  chamber  104  from  the  tool 
side  chamber  portion  122  of  high  pressure  source 
chamber  106  and  from  the  low  pressure  dump  cham- 
ber  108  thus  hydraulically  locking  the  power  piston 
1  12  in  place  within  the  power  chamber  104  at  what- 

ever  location  the  power  piston  112  was  at  when  the 
electric  solenoid  control  valve  means  126  was 
deenergized.  Thus,  the  power  piston  1  12,  which  typi- 
cally  will  move  between  a  leftmost  position  and  a  right- 

5  most  position  within  the  chamber  104  as  seen  in  FIG. 
2,  can  be  hydraulically  locked  in  either  of  those  posi- 
tions. 

A  clean  hydraulic  fluid  substantially  fills  the  tool 
side  chamber  portion  122  of  high  pressure  source 

10  chamber  106,  the  first  and  second  power  chamber 
portions  114  and  116  of  power  chamber  1  04,  and  the 
power  passage  means  124.  Each  time  the  power  pis- 
ton  112  is  stroked  through  the  power  chamber  104,  a 
volume  of  clean  hydraulic  fluid  equal  to  the  displace- 

15  ment  of  the  stroke  of  piston  112  will  be  dumped  into 
the  dump  chamber  108,  and  an  equal  volume  of  fluid 
will  be  displaced  from  the  tool  side  chamber  portion 
122  of  high  pressure  source  chamber  106.  Thus, 
there  is  a  limitation  on  the  number  of  strokes  through 

20  which  the  power  piston  112  can  be  moved  dependent 
upon  the  supply  of  clean  hydraulic  fluid  in  the  tool  side 
chamber  portion  122. 

As  previously  mentioned,  the  electric  solenoid 
control  valve  means  126  is  directly  disposed  in  the 

25  power  passage  means  124  to  control  fluid  pressure 
communication  between  the  power  chamber  104  and 
the  tool  side  chamber  portion  122  of  high  pressure 
source  chamber  106  and  the  dump  chamber  108. 
More  specifically,  the  first  normally  closed  electric  sol- 

30  enoid  control  valve  126A  is  disposed  directly  in  the 
first  flow  path  124A,  124B,  124C  for  controlling  fluid 
pressure  communication  between  the  first  power 
chamber  portion  114  and  the  tool  side  chamber  por- 
tion  122  of  high  pressure  source  chamber  106.  The 

35  second  normally  closed  electric  solenoid  control  valve 
126B  is  disposed  directly  in  the  second  flow  path 
124D,  124E,  124F  to  control  fluid  pressure  communi- 
cation  between  the  second  power  chamber  portion 
116  and  the  low  pressure  dump  chamber  108.  The 

40  third  normally  closed  electric  solenoid  control  valve 
126C  is  disposed  directly  in  the  third  flow  path  124G, 
124H,  124C  for  controlling  fluid  pressure  communi- 
cation  between  the  second  power  chamber  portion 
116  and  the  tool  side  chamber  portion  122  of  high 

45  pressure  source  chamber  106.  The  fourth  normally 
closed  electric  solenoid  control  valve  126D  is  dis- 
posed  directly  in  the  fourth  flow  path  1241,  124J,  124F 
for  controlling  fluid  pressure  communication  between 
the  first  power  chamber  portion  114  and  the  low 

so  pressure  dump  chamber  1  08. 
As  the  power  piston  112  strokes  back  and  forth 

within  the  power  chamber  104,  it  will  operate  an 
operating  element  142  with  which  it  is  operatively 
associated  through  an  operating  mechanism  144. 

55  The  operating  element  142  may  be  of  many  different 
varieties  corresponding  to  the  various  tools  within  the 
testing  string  34  illustrated  in  FIG.  1  and  previously 
described. 

5 
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For  example,  the  operating  element  142  may  be 
a  rotating  ball  valve  type  element  of  a  formation  tester 
valve  60  having  an  operating  mechanism  substan- 
tially  like  that  shown  in  U.  S.  Patent  No.  3,856,085  to 
Holden  et  al.,  the  details  of  which  are  incorporated 
herein  by  reference. 

As  another  example,  the  operating  element  142 
could  be  a  sliding  sleeve  valve  of  a  reclosable  reverse 
circulation  valve  58  having  an  associated  operating 
mechanism  144  substantially  like  that  shown  in  U.  S. 
Patent  No.  4,113,012  to  Evans  et  al.,  the  details  of 
which  are  incorporated  herein  by  reference.  Prefer- 
ably,  the  indexing  system  of  the  Evans  et  al.  tool 
would  be  deleted. 

Also,  a  multi-mode  operating  element  could  be 
used  substantially  like  that  shown  in  U.  S.  Patent  No. 
4,711,305  to  Ringgenberg,  the  details  of  which  are 
incorporated  herein  by  reference. 

A  pressure  regulator  means  146  is  disposed  in 
passage  section  124C  which  is  part  of  the  first  and 
third  flow  paths,  for  regulating  the  fluid  pressure  sup- 
plied  from  the  high  pressure  source  chamber  106  to 
the  first  and  third  electric  solenoid  valves  126A  and 
126C  in  the  first  and  third  flow  paths.  The  pressure 
regulator  means  146  includes  a  reference  pressure 
conduit  148  communicated  with  the  low  pressure 
dump  chamber  108.  Thus,  the  pressure  regulator 
means  146  is  referenced  to  the  substantially  atmos- 
pheric  pressure  in  the  dump  chamber  108,  and  con- 
trols  the  pressure  from  high  pressure  source  chamber 
106  so  that  the  pressure  provided  from  the  well 
annulus  40  to  the  electric  solenoid  control  valves 
126A  and  126C  exceeds  the  pressure  in  dump  cham- 
ber  108  by  a  predetermined  value.  For  example,  with 
the  pressure  in  dump  chamber  108  being  substan- 
tially  zero,  the  pressure  regulator  146  could  be  set  to 
provide  a  pressure  from  the  well  annulus  40  to  the 
electric  solenoid  control  valve  means  126A  and  126C 
of  1  ,000  psi  greater  than  the  zero  pressure  present  in 
the  dump  chamber  108. 

The  purpose  of  this  pressure  regulation  is  to  limit 
the  pressure  differential  which  acts  across  the  electric 
solenoid  control  valve  means  126A  and  126C  which 
thereby  reduces  the  electrical  power  requirements 
needed  to  operate  those  control  valves. 

Techniques  For  Remote  Control 

Many  different  systems  can  be  utilized  to  send 
command  signals  from  the  surface  location  26  down 
to  the  sensor  132  to  control  the  tool  100. 

One  suitable  system  is  the  signaling  of  the  control 
package  128,  and  receipt  of  feedback  from  the  control 
package  128,  using  acoustical  communication  which 
may  include  variations  of  signal  frequencies,  specific 
frequencies,  or  codes  of  acoustical  signals  or  combi- 
nations  of  these.  The  acoustical  transmission  media 
includes  tubing  string,  casing  string,  electric  line,  slick 

line,  subterranean  soil  around  the  well,  tubing  fluid, 
and  annulus  fluid.  An  example  of  a  system  for  sending 
acoustical  signals  down  the  tubing  string  is  seen  in  U. 
S.  Patents  Nos.  4,375,239;  4,347,900;  and  4,378,850 

5  all  to  Barrington  and  assigned  to  the  assignee  of  the 
present  invention. 

A  second  suitable  remote  control  system  is  the 
use  of  a  mechanical  or  electronic  pressure  activated 
control  package  128  which  responds  to  pressure 

10  amplitudes,  frequencies,  codes  or  combinations  of 
these  which  may  be  transmitted  through  tubing  fluid, 
casing  fluid,  fluid  inside  coiled  tubing  which  may  be 
transmitted  inside  or  outside  the  tubing  string,  and 
annulus  fluid. 

15  A  third  remote  control  system  which  may  be 
utilized  is  radio  transmission  from  the  surface  location 
or  from  a  subsurface  location,  with  corresponding 
radio  feedback  from  the  tool  100  to  the  surface  loca- 
tion  or  subsurface  location. 

20  A  fourth  possible  remote  control  system  is  the  use 
of  microwave  transmission  and  reception. 

A  fifth  type  of  remote  control  system  is  the  use  of 
electronic  communication  through  an  electric  line 
cable  suspended  from  the  surface  to  the  downhole 

25  control  package. 
A  sixth  suitable  remote  control  system  is  the  use 

of  fiberoptic  communications  through  a  fiberoptic 
cable  suspended  from  the  surface  to  the  downhole 
control  package. 

30  A  seventh  possible  remote  control  system  is  the 
use  of  acoustic  signaling  from  a  wire  line  suspended 
transmitter  to  the  downhole  control  package  with  sub- 
sequent  feedback  from  the  control  package  to  the 
wire  line  suspended  transmitter/  receiver.  Communi- 

35  cation  may  consist  of  frequencies,  amplitudes,  codes 
or  variations  or  combinations  of  these  parameters. 

An  eighth  suitable  remote  communication  system 
is  the  use  of  pulsed  X-ray  or  pulsed  neutron  communi- 
cation  systems. 

40  As  a  ninth  alternative,  communication  can  also  be 
accomplished  with  the  transformer  coupled  technique 
which  involves  wire  line  conveyance  of  a  partial  trans- 
former  to  a  downhole  tool.  Either  the  primary  or  sec- 
ondary  of  the  transformer  is  conveyed  on  a  wire  line 

45  with  the  other  half  of  the  transformer  residing  within 
the  downhole  tool.  When  the  two  portions  of  the  trans- 
former  are  mated,  data  can  be  interchanged. 

All  of  the  systems  described  above  may  utilize  an 
electronic  control  package  128  that  is  microprocessor 

so  based. 
It  is  also  possible  to  utilize  a  preprogrammed 

microprocessor  based  control  package  128  which  is 
completely  self-contained  and  is  programmed  at  the 
surface  to  provide  a  pattern  of  operation  of  the  dow- 

55  nhole  tool  which  it  controls.  For  example,  a  remote 
control  signal  from  the  surface  could  instruct  the 
microprocessor  based  electronic  control  package  128 
to  start  one  or  more  preprogrammed  sequences  of 

6 
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operations.  Also,  the  preprogrammed  sequence 
could  be  started  in  response  to  a  sensed  downhole 
parameter  such  as  bottom  hole  pressure.  Such  a  self- 
contained  system  may  be  constructed  in  a  manner 
analogous  to  the  self-contained  downhole  gauge  sys- 
tem  shown  in  U.  S.  Patent  No.  4,866,607  to  Anderson 
et  al.,  and  assigned  to  the  assignee  of  the  present 
invention. 

Claims 

1.  A  downhole  tool  apparatus  which  comprises  a 
housing  (102)  having  a  power  chamber  (104),  a 
high  pressure  source  chamber  (106)  and  a  low 
pressure  dump  chamber  (108)  defined  therein, 
said  housing  having  a  power  port  means  (110) 
defined  therein  for  communicating  said  high 
pressure  source  chamber  with  a  well  annulus  (40) 
surrounding  said  housing;  a  power  piston  (112) 
slidably  disposed  in  said  power  chamber  (104) 
and  dividing  said  power  chamber  into  first  (114) 
and  second  (116)  power  chamber  portions;  a 
pressure  transfer  piston  (118),  slidably  disposed 
in  said  high  pressure  source  chamber  (106)  and 
dividing  said  high  pressure  source  chamber  into 
a  well  side  chamber  portion  (120)  and  a  tool  side 
chamber  portion  (122),  said  well  side  chamber 
portion  being  in  fluid  flow  communication  with 
said  power  port  means  (110);  said  housing  further 
includes  power  passage  means  (124)  defined 
therein  whereby  there  is  fluid  pressure  communi- 
cation  between  said  power  chamber  (104)  and 
each  of  said  well  side  chamber  portion  (120)  and 
said  low  pressure  dump  chamber  (108);  electric 
solenoid  control  valve  means  (1  26)  for  selectively 
controlling  fluid  pressure  communication  be- 
tween  said  power  chamber  (104)  and  each  of  said 
tool  side  chamber  portion  (122)  and  said  low 
pressure  dump  chamber  (108),  said  electric  sol- 
enoid  control  valve  means  having  a  first  position 
wherein  said  first  power  chamber  portion  (1  14)  is 
communicated  with  said  tool  side  chamber  por- 
tion  (122)  and  said  second  power  chamber  por- 
tion  (116)  is  communicated  with  said  low 
pressure  dump  chamber  (1  08),  so  that  a  pressure 
differential  between  said  well  annulus  (40)  and 
said  low  pressure  dump  chamber  (108)  acts  in  a 
first  direction  across  said  power  piston  (112);  and 
a  second  position  wherein  said  first  power  cham- 
ber  portion  (114)  is  communicated  with  said  low 
pressure  dump  chamber  (108)  and  said  second 
power  chamber  portion  (116)  is  communicated 
with  said  tool  side  chamber  portion  (122)  so  that 
said  pressure  differential  between  said  well 
annulus  (40)  and  said  low  pressure  dump  cham- 
ber  (108)  acts  in  a  second  direction  across  said 
power  piston  (112);  and  pressure  regulator 

means  (146)  for  regulating  the  fluid  pressure  sup- 
plied  from  said  high  pressure  source  chamber 
(106)  to  said  electric  solenoid  control  valve 
means  (126). 

5 
2.  Apparatus  according  to  claim  1,  wherein  said 

pressure  regulator  means  (146)  is  arranged  to 
limit  a  pressure  differential  across  said  electric 
solenoid  control  valve  means  and  thereby  reduce 

10  the  electric  power  required  to  operate  said  elec- 
tric  solenoid  control  valve  means  (126). 

3.  Apparatus  according  to  claim  1  or  2,  wherein  said 
pressure  regulator  means  (146)  includes  a  refer- 

15  ence  pressure  conduit  (148)  communicated  with 
said  low  pressure  dump  chamber  (108). 

4.  Apparatus  according  to  claim  1  ,  2  or  3,  wherein 
said  electric  solenoid  control  valve  means  (126) 

20  further  has  a  third  position  wherein  said  power 
chamber  (104)  is  isolated  from  said  tool  side 
chamber  portion  (122)  and  said  low  pressure 
dump  chamber  (108)  to  hydraulically  lock  said 
power  piston  (112)  in  place  within  said  power 

25  chamber  (104). 

5.  Apparatus  according  to  claim  4,  wherein  said 
electric  solenoid  control  valve  means  (1  26)  is  a 
normally  closed  electric  solenoid  control  valve 

30  means  which  is  normally  in  a  closed  position  in 
the  absence  of  electric  power,  said  closed  posi- 
tion  being  said  third  position. 

6.  Apparatus  according  to  claim  1  ,  2  or  3,  wherein 
35  said  electric  solenoid  control  valve  means  (126) 

is  a  normally  closed  electric  solenoid  control 
valve  means  which  in  the  absence  of  electrical 
power  is  in  a  normally  closed  position  wherein 
said  power  chamber  (104)  is  isolated  from  said 

40  tool  side  chamber  portion  (122)  and  said  low 
pressure  dump  chamber  (108)  to  hydraulically 
lock  said  power  piston  (112)  in  place  within  said 
power  chamber  (1  04). 

45  7.  Apparatus  according  to  any  of  claims  1  to  6, 
further  comprising  a  clean  hydraulic  fluid  sub- 
stantially  filling  said  tool  side  chamber  portion 
(122),  said  first  (114)  and  second  (116)  power 
chamber  portions  and  said  power  passage 

so  means  (124). 

8.  Apparatus  according  to  any  of  claims  1  to  7,  whe- 
rein  said  electric  solenoid  control  valve  means 
(126)  comprises  a  first  electric  solenoid  control 

55  valve  (126A)  for  controlling  fluid  pressure  com- 
munication  between  said  first  power  chamber 
portion  (114)  and  said  tool  side  chamber  portion 
(122)  of  said  high  pressure  source  chamber 

7 
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(106);  a  second  electric  solenoid  control  valve 
(126B)  for  controlling  fluid  pressure  communi- 
cation  between  said  second  power  chamber  por- 
tion  (116)  and  said  low  pressure  dump  chamber 
(108);  a  third  electric  solenoid  control  valve  5 
(126C)  for  controlling  fluid  pressure  communi- 
cation  between  said  second  power  chamber  por- 
tion  (116)  and  said  tool  side  chamber  portion 
(122)  of  said  high  pressure  source  chamber 
(106);  a  fourth  electric  solenoid  control  valve  10 
(126D)  for  controlling  fluid  pressure  communi- 
cation  between  said  first  power  chamber  portion 
(114)  and  said  low  pressure  dump  chamber 
(108);  and  wherein  said  pressure  regulator 
means  (146)  regulates  pressure  supplied  from  15 
high  pressure  source  chamber  (106)  to  said  first 
(126A)  and  third  (126C)  electric  solenoid  control 
valves. 

9.  Apparatus  according  to  claim  8,  wherein  each  of  20 
said  first  (126A),  second  (126B),  third  (126C)  and 
fourth  (126D)  electric  solenoid  control  valves  is  a 
normally  closed  electric  solenoid  control  valve. 

1  0.  Apparatus  according  to  claim  8  or  9,  wherein  said  25 
electric  solenoid  control  valve  means  (126) 
further  comprises  first  electrical  wiring  means 
(138)  for  connecting  said  first  (126A)  and  second 
(126B)  electric  solenoid  control  valves  in  parallel 
so  that  they  can  be  actuated  at  the  same  time;  30 
and  second  electrical  wiring  means  (140)  for  con- 
necting  said  third  (126C)  and  fourth  (126D)  elec- 
tric  solenoid  control  valves  in  parallel  so  that  they 
can  be  actuated  at  the  same  time. 
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