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some embodiments of this apparatus, a reciprocating sleeve-like piston is
movable to increase the pumping This invention relates to a pressure
limiter and  chamber volume in response to the displacement of pump
combination for use in a downhole tool string.  the pump. While this is
desirable in some situations, A known method of testing a well formation is
to   5   the apparatus is considerably more complex than the isolate the
formation between a pair of inflatable  pressure limiter of the present
invention. The present packers with a flow port therebetween adjacent the
pressure limiter may also be utilized with any number formation. The
packers are inflated by means of a  of previously known positive
displacement pumps. pump in the testing string which pumps well annulus
According to the present invention there is pro- fluid or mud into the
packers to place them in sealing   10  vided a combination of a pressure
limiter and a pump, engagement with the well bore.                     for
use in a tool string having an inflatable packer, said Typically, positive
displacement pumps are used.  combination comprising pressure limiter
housing U.S. patent specification no. 4,246,964 discloses a  means adapted
to be positioned in a tool string be- rotationally operated pump having a
plurality of vert-  tween the pump and a packer, said housing means ically
reciprocating pistons which are driven by a cam   15  defining a central
opening therethrough; mandrel structure. A simpler, sleeve-type pump piston
is used  means positioned in said central opening of said in the downhole
pump of U.S. patent specification no.  housing means; movable means
disposed between 3,926,254.                                         said
housing means and mandrel means and mov- When using these or other pumps
for inflating   able between an open position in response to an out- the
packers, it is essential that the packers not be   20  let pressure of said
pump, and a closed position; and overinflated and damaged. One method of
limiting  biasing means for biasing said movable means to- the inflation
pressure uses a torque limiter. As the  ward said closed position;
characterised in that said work string is rotated to operate the pump and
in-  housingmeans includesanoutlettoanannulusofthe crease the pressure
therein, the torque required to  well, the outlet being in communication
with said cen- operate the pump also increases. When the torque   25  tral
opening; and wherein port means are provided on exceeds a predetermined
level, the torque limiter is  said housing means in communication with a
dis- engaged which allows the entire pump to rotate so  charge portion of
said pump to provide a fluid flow that it will no longer pump liquid.
path in said housing means, and wherein said mov- Another method utilizes a
type of pressure limiter  able means is a valve means which provides commu-
having a spring biased differential piston which, when   30  nication
between said port means and said outlet engaged, engages a set of lugs
which allows the bot-  when in its open position to open said fluid flow
path. tom of the pump to be held stationary while the top is  The apparatus
preferably further comprises rotated by the work string so that the pump
will oper-  means for preventing premature relief of pressure on ate. When
the pump pressure exceeds the spring     the packer. This means for
preventing premature re- force acting on the differential piston, the lugs
are dis-  35  lief of packer pressure may be characterized by check engaged
which allows the entire pump to rotate so  valve means for allowing flow of
fluid from the pump that it no longer pumps. With either of these two  to
the packer and preventing reverse fluid flow, such methods of limiting
inflation pressure, a set of lugs is  that the packer pressure is
maintained on a portion engaged or disengaged which may be inconsistent in
of the valve means. theiroperation.Alargeamountoffrictionresultswhen   40
The valve means defines a differential area the lugs are engaged or
disengaged, and any side   thereon againstwhich pump discharge pressure
acts, load resulting from a deviated hole also increases the  and this
differential area is preferably defined by the friction. It is therefore
desirable to develop a pressure  difference between lower and upper
substantially an- limiter which does not present these frictional difficul-
nular areas on the valve means. In one embodiment, ties.
45  the valve means may be characterized by a piston U.S. patent
specification no. 4,313,495 utilizes a  movable to an open position in
response to the pump clutch which is disengaged when the pump pressure
discharge pressure, this open position being such- reaches a predetermined
level, thus making the     that the outlet of the housing means is in
communi- pump inoperative. Again, there are frictional limita-  cation with
the pump outlet whereby fluid pumped tions with such a system. The present
invention which   50  from the pump is bypassed through the outlet of the
utilizes a sleeve-like relief valve bypasses pump dis-  housing means.
charge liquid to the well annulus. Continued rotation  The port means
comprises an annular portion in of the tool string in operation of the pump
merely cir-  the housing means defining a port therethrough. culates the
fluid. No frictionally hindered members  When thevalvemeans is in an open
positionthisport are present.                                  55  is in
fluid communication with the outlet of the hous- The pressure limiter of
U.S. patent specification  ing means. no. 4,729,430 limits packer pressure
internally and    The pressure limiter may further comprise first does not
vent fluid therein to the well annulus. In  sealing means on the valve
means, for sealing be- 2    



3                   EP 0 360 597 B1                 4 tween the valve means
and the mandrel means and    string 18 and includes a reversing sub 20, a
testing between the valve means and the housing means for  valve 22 such as
the Halliburton Hydrospring tester, preventing communication between the
packer and  and an extension joint 24. the outlet of the housing means, and
second sealing   A positive displacement pump 26, such as that means on the
valve means for sealing between the   5   disclosed in U.S. patent
specification no. 4,246,964, port means and the outlet ofthe housing means
when  is positioned below extension joint 24. Other positive the valve
means is in the closed position. The first  displacement pumps could also
be used. Ascreen as- sealing means is on one side of the housing means
sembly 28 of a kind also disclosed in the patent to outlet, and the second
sealing means is on an oppo-  Brandell, extends downwardly from pump 26 and
is site side of the housing means outlet from the first  10  thus
positioned above pressure limiter 10. sealing means.
Positioned below pressure limiter 10 is a safety The mandrel means
preferably comprises an in-   joint 30, such as the Halliburton Hydroflate
(trade ner mandrel and a flow tube disposed in the inner  mark) safety
joint. An upper packer 32 is attached to mandrel such that a fluid passage
is defined there-  the lower end of safety joint 30 and is disposed above
between for directing fluid to a portion of the valve   15  formation 16. A
lower packer 34 is positioned below means opposite the biasing means. The
biasing      well formation 16. A porting sub 36 interconnects up- means
may be characterized by a spring engaged     per packers 32 and lower
packer 34. An equalizing with the valve means and the housing means.
Prefer-  tube and spacers (not shown) may also be used be- ably, the
biasing force is adjustable, such as by vary-  tween upper packer 32 and
lower packer 34 depend- ing the length of the spring with spacer means.  20
ing upon the longitudinal separation required there- In use of the present
invention, a downhole tool  between. is made up comprising the pump, an
inflatable packer   Upper packer 32 and lower packer 34 are also of
disposed below the pump and adapted for inflation  a kind generally known
in the art such as the Hallibur- thereby, and the pressure limiter disposed
between  ton Hydrof late packers. Upper packer 32 and lower the pump and
packer. The pressure limiter bypasses   25  packer 34 are inflatable by
pump 26 in a manner here- pump discharge pressure to the well annulus above
inafter described such that the packers may be the packer, when the pump
discharge pressure       placed in sealing engagement with well bore 14,
thus reaches a predetermined level, and the pressure lim-  isolating well
formation 16 so that a testing operation iter is maintained in the
bypassing position such that  may be carried out. an outlet of the pump is
in substantially constant com-   30  A gauge carrier 38 is attached to the
lower end munication with the well annulus until pressure is re-  of lower
packer 34 and includes a plurality of drag lieved from the packer. The
bypassing is preferably  springs 40 which are adapted to engage well bore
14 effected by an annular piston in the pressure limiter  and prevent
rotation of a portion of testing string 12 which is biased toward a closed
position, the piston  during inflation of upper packer 32 and lower packer
having a differential area thereon against which the   35  34. pump
pressure acts for overcoming a biasing force on   Referring now to FIGS.
2A-2C, the details of the piston when the predetermined pressure level is
pressure limiter 10 are shown. Pressure limiter 10 reached. A check valve
is preferably used to maintain  generally includes housing means 42
defining a long- the pressure limiter in a bypassing position whereby
Itudinally central opening 44 therethrough. Posi- pressure is maintained on
the differential area at a   40  tioned in central opening of housing means
42 is a level substantially as high as the predetermined level,  mandrel
means 46. even when the pump discharge pressure drops as a       As seen in
FIG. 2A, housing means 42 includes result of being bypassed to the well
annulus.      at its upper end a top coupling 48 with an internally In
order that the invention may be more fully un-  threaded upper end 50
adapted for attachment to an derstood, reference is made to the
accompanying   45   upper portion of testing string 12 above pressure lim-
drawings, wherein:                                  iter 10. Top coupling
48 has a first bore 52 and a larger. FIGS. 1A-1 B show an embodiment of
pump and     second bore 54. Adownwardly facing, annular shoul pressure
limiter of the present invention in a well  der 56 extends between first
and second bores 52 testing apparatus positioned in a well bore for  and
54. testing a well formation; and              so      Mandrel means 46
comprises an inner flow tube FIGS. 2A-2C show a partial longitudinal cross
58, a portion of which forms the upwardmost portion section of the pressure
limiter.                of the mandrel means. Sealing means, such as 0-
Referring now to FIGS. 1A-1B, a combination of  rings 60, are provided at
the upper end of inner flow pump and pressure limiter 10 embodying the
present  tube 58 for sealing engagement with a corresponding invention is
shown, forming a part of a testing string  55  tube portion of the portion
of testing string 12 above or tool 12. Testing string 12 is shown in
position in a  pressure limiter 10 in a manner known in the art. well bore
14 for use in testing a well formation 16.   Also comprising a portion of
mandrel means 46 Testing string 12 is attached to the lower end of a tool
is an inner mandrel 62 which is disposed generally an- 3    



5                   EP 0 360 597 B1                 6 nularly around inner
flow tube 58. Inner mandrel 62  mandrel 62. Lower port 108 provides
communication has a first bore 63 therein and a first outside diameter
between annular volume 72 and fourth outside diam- 64 which is spaced
radially inwardly from second bore  eter 104 of the inner mandrel. It will
be seen that inner 54 of top coupling 48 such that an annular volume 66
flow tube 58 extends through the entire portion of is defined therebetween.
Disposed in annularvolume   5   first bore 63 of inner mandrel 62 shown in
FIG. 2B, 66 is a biasing means, such as spring 68. It will be  and thus
annularvolume 72 extends through this por- seen that the upper end of
spring 68 bears against  tion as well. shoulder 56 in top coupling 48.
Annularly positioned between housing means 42 At a position below O-rings
60, inner flow tube 58  and mandrel means 46 is a differential piston or
valve has an enlarged portion 70 which is in close, spaced   10   means
110, characterized in the preferred embodi- relationship to f irst bore 63
of inner mandrel 62. It will  ment as a differential piston 110. Piston 110
has a first be seen that a generally annular volume 72 is formed  bore 112
which is preferably spaced radially outward- between inner flow tube 58 and
first bore 63 of inner  ly from first outside diameter 64 of inner mandrel
62. mandrel 62.An upperport 74 in innermandrel 62 pro-  Below first bore
112 in piston 110 is a larger, second vides communication between annular
volume 66   15  bore 114 adapted for close, sliding engagement with and
annular volume 72.                             second outside diameter 100
of inner mandrel 62. A Referring now to FIG. 2B, the lower end of top
downwardly facing shoulder 115 extends between coupling 48 is connected to
a piston housing 76 at  first bore 112 and second bore 114 on piston 110.
threaded connection 78. Sealing means, such as O-      An outer sealing
means, such as O-ring 116, pro- ring 80, provide sealing engagement between
top   20  vides sliding, sealing engagement between piston coupling 48 and
piston housing 76. It will be seen that  110 and inner mandrel 62. This
outer sealing means piston housing 76 forms another portion of housing  may
be characterized as a portion of a first or lower means 42.
sealing means on valve means 110. Piston housing 76 has a generally annular
upper    Piston 110 has afirstoutside diameter 118 which end 82 which is
spaced radially inwardly from second   25  is adapted for close, sliding
relationship with first bore bore 54 in top coupling 48 such that an
annular vol-  86 in annular upper end 82 of piston housing 76. An ume 84 is
defined therebetween. It will be seen that  outer sealing means, such as
O-ring 120, provides annular volume 84 is in communication with annular
sliding, sealing engagement between first bore 86 of volume 66. Annular
upper end or portion 82 defines  piston housing 76 and first outside
diameter 118 of a first bore 86 in piston housing 76, and has at least  30
piston 110. The outer sealing means may also be re- one substantially
transverse port 88 therethrough ex-  ferred to as a second or uppersealing
means on valve tending from first bore 86 to annular volume 84.   means
110. Thus, sealing is provided between piston Below first bore 86, piston
housing 76 has a sec-  110 and piston housing 76 at a longitudinal location
ond bore 90, and at least one transverse port 92 ex-  above port 92 in the
piston housing. Piston 110 Is tends through piston housing 76 to provide
commun-   35  shown in a closed position in FIG. 2B, and in this pos-
cation between second bore 90 and the exterior of  ition, it will be seen
thatthe sealing means O-ring 120 pressure limiter 10. Port 92 will thus be
seen to be an  is below port 88 in upper end 82 of piston housing 76.
outlet 92 of housing means 42. Second bore 90 is       Piston 110 has a
second outside diameter 122 larger than first bore 86. A third bore 94
extends be-  which is preferably smaller than first outside diameter low
second bore 90 in piston housing 76. Third bore  40  118 thereof. Second
outside diameter 122 of piston 94 is smaller than second bore 90, but is
larger than  110 and second bore 90 of piston housing 76 gener- first bore
86. This dimensional relationship between  ally form an annular volume 124
which is in commu- first bore 86 and third bore 94 will become more ap-
nication with port or outlet 92 in the piston housing. parent herein.
Piston housing 76 also defines pro-     Piston 110 has a third outside
diameter 126 and gressively larger fourth and fifth bores 96 and 98 be-  45
a fourth outside diameter 128. An upwardly facing an- low third bore 94. A
downwardly facing shoulder 99  nular shoulder 130 extends between third and
fourth extends between third bore 94 and fourth bore 96.  outside diameters
126 and 128. It will be seen that  - Still referring to FIG. 2B, inner
mandrel 62 has a  shoulder 130 on piston 110 generally faces shoulder
second outside diameter 100, a third outside diameter  99 in piston housing
76 and is spaced downwardly 102 and a fourth outside diameter 104 which are
be-  50  therefrom when piston 110 is in the closed position low first
outside diameter 64 thereof. These outer sur-  shown in FIG. 2B. Third
outside diameter 126 of pis- faces are progressively larger from first
outside diam-  ton 110 is adapted for close, sliding relationship with eter
64 to fourth outside diameter 104.            third bore 94 of piston
housing 76. Thus, it will be seen Inner mandrel 62 defines at least one
intermedi-  that third outside diameter 126 is larger than first out- ate
transverse port 106 therethrough which provides  55  side diameter 118 of
piston 110. communication between annular volume 72 and the        Alower,
outersealing means, such as O-ring 132, lower end of first outside diameter
64. At least one  provides sliding, sealing engagement between third lower
transverse port 108 is also defined in inner  outside diameter 126 of
piston 110 and third bore 94 4    



7                   EP 0 360 597 B1                 8 of piston housing 76.
This sealing means may be  ring 166, provides sealing engagement between
pis- characterized as another portion of the first sealing  ton housing 76
and bottom nipple 162 Bottom nipple means on valve means 110, and the
sealing means   162formsthelowerportionofhousingmeans42and provided by
O-ring 132 is always below port 92 in pie-  has an externally threaded
surface 168 for connec- ton housing 76.                               5
tion to components of testing string 12 below pres- An annular spring
spacer 134 is positioned     sure limiter 10. around first outside diameter
64 of inner mandrel 62  The lower end of inner mandrel 62 of mandrel and
engages the upper end of piston 110. Spring    means 46 is connected to
bottom nipple 162 of hous- spacer 134 acts as a seat for the lower end of
spring  ing means 42 at threaded connection 170. Below 68, and because
spring 68 is always adapted to be in  io  threaded connection 170 is an
annular recess 172. A compression when pressure limiter 10 is assembled,
longitudinal notch 174 extends along the threaded it will be seen that
spring 68 acts as a biasing means  portion of the lower end of Inner
mandrel 62 such that for biasing piston means 110 toward its closed posi-
communication is provided between annular volume tion. The number of
spacers 134 may be varied to ad-  140 and annular recess 172. just the
working height, and thus the force exerted   15  Bottom nipple 162 has an
upwardly facing shoul- by, spring 68.
der 176 therein below threaded connection 170 and Lowerend 136ofpiston
110hasarecess 138.As      adjacentrecess 172on innermandrel 62.Alongitudi-
will be further discussed herein, recess 138 insures  nal hole 178 extends
through bottom nipple 162 from that fluid pressure is free to act on lower
end 136 of  shoulder 176 to lower end 180 of the bottom nipple. *
the piston.                                   20  As will be seen by those
skilled in the art, hole 178 is An annular volume 140 is defined between
third  in communication with recess 172 on inner mandrel and fourth outside
diameters 102 and 104 of inner  62, and thus in communication with annular
volume mandrel 62 and fifth bore 98 of piston housing 76, and  140 between
inner mandrel 62 and piston housing 76. thus annular volume 140 is
generally below piston  Thus, a passageway means 182 is provided between
means 110. Disposed in annular volume 140 is a   25  check valve means 142
and the bottom of housing check valve means, generally designated by the
nu-  means 42. Passageway means 182 is in communica- meral 142. Check valve
means 142 is provided for al-  tion with corresponding passageways in
testing ap- lowing fluid to pass from annular volume 72 through  paratus 12
and forms a portion of an inflation pas- port 108 into annular volume 140,
while preventing re-  sage to upper and lower packers 32 and 34. verse
flow, in a manner hereinafter described. Check   30  Bottom nipple 162 has
a first bore 184, a second valve means 142 preferably comprises a resilient
bore 186 and a third bore 188. Third bore 188 Is valve portion 144 carried
by a valve portion carrier  adapted to sealingly receive a portion of
testing string 146. Valve portion carrier 146 has a bore 148 which  12
below pressure limiter 10, in a manner known in is in close relationship to
third outside diameter 102  the art. -of inner mandrel 62. Sealing means,
such as O-ring   35  Below first bore 63 at the lower end of inner man-
150, provides sealing engagement between valve     drel 62 is a slightly
enlarged second bore 190. The portion carrier 146 and inner mandrel 62.
lower end of innerflow tube 58 has an enlarged diam- Valve portion 144 has
a resilient annular lip 152  eter portion 192 in close, spaced relationship
to bore having a radially inner surface 154 that is sealingly  190 in inner
mandrel 62. Sealing means, such as O- engaged againstfourth outsidediameter
104of inner  40  ring 194, providessealing engagementbetween inner mandrel
62. Valve portion 144 is further configured  flow tube 58 and inner mandrel
62. A lower end 196 such that an annular space 156 is defined between  of
inner mandrel 62 is engaged with shoulder 176 In valve portion 144 and
innermandrel 62. Itwill beseen  bottom nipple 162. Itwill be seen that
enlarged diam- that annularspace 156 is in communication with port  eter
portion 192 of innerflow tube 58 is thus longitu- 108 in inner mandrel 62,
and thus in communication   45  dinally positioned between shoulder 176 and
bottom with annular volume 72.                            nipple 162 and a
small shoulder 198 in inner mandrel An upper end 158 of valve carrier
portion 146 is  62. engaged with lower end 136 of piston 110 when the
Below enlarged diameter portion 192, inner flow piston is in the closed
position shown in FIG. 2B. Up-  tube 58 has a smaller diameter 200 which is
in close per end 158 of valve carrier portion 146 has a recess  50
relationship with first bore 184 and bottom nipple 162. 160 therein which
insures communication between    Sealing means, such as 0-ring 202 with
back-up annular volume 140 and recess 138 on piston 110. It  seals 204,
provide sealing engagement between in- will thus be seen by those skilled
in the art that any  ner flow tube 58 and bottom nipple 162. fluid pressure
in annular volume 140 will act upwardly  A study of FIG. 2C will show that
mandrel means on lower end 136 of piston 110.               55   46 is
connected to housing means 42 such that the Referring now to FIG. 2C, the
lower end of piston  longitudinal relationship therebetween is relatively
housing 76 is connected to a bottom nipple 162 at  fixed. threaded
connection 164. Sealing means, such as O-    The operation of the
embodiment of the present 5    



9                   EP0360597B1                     10 invention
illustrated in FIGS. 1A, 1 B and 2A-2C will  sure and pump pressure, which
is the pressure in an now be described.
nular volume 66, are substantially the same. Referring again to FIGS. lAand
1 B, testing string  Packer pressure in annularvolume 140 is exerted 12 is
lowered into well bore 14 and positioned such  upwardlyon lowerend 136 of
piston 110. As previous- that porting sub 36 is adjacent formation 16.
Upper   5   ly described, this is insured because recess 138 in packer 32
is thus above formation 16, and lower    piston 110 and facing recess 160
in valve portion car- packer 34 is below the formation.
rier 146 of check valve means 142 prevent any seal- Pump 26 has an upper
portion 206 which is con-  ing between the piston and the check valve
means. nected to extension joint 24 and thus rotatable with  It will be
seen by those skilled in the art that packer tool string 18. Upper portion
206 of pump 26 is rotat-  10  pressure also acts downwardly on shoulder 130
of able with respect to a lower portion 208 thereof, and  piston 110, but
the result is a net upwardly acting lower portion 208 is prevented from
rotating by the  force due to the packer pressure. In otherwords, third
engagement of drag springs 40 with well bore 14 be-  outside diameter 126
and second bore 114 of piston low formation 16. To operate pump 26, tool
string 18  110 define an annular area against which packer is rotated which
rotates upper portion 206 of the pump   15  pressure acts upwardly. while
lower portion 208 is held stationary. As previ-  Pump pressure in annular
volume 66 acts down- ously indicated, pump 26 is of a kind known in the art
wardly on piston 110, and it will be seen by those skil- such as that
disclosed in U. S. Patent No. 4,246,964  led in the art that pressure also
acts upwardly on to Brandell, assigned to the assignee of the present
shoulder 115 of the piston. Firstoutside diameter 118 invention, a copy of
which is incorporated herein by   20  of piston 110 is at least as large as
second bore 114 reference. The details of pump 26 not directly dis-  of the
piston, and thus there is a net downwardly act- cussed herein are not
necessary for the purposes of  ing force on the piston due to the pump
pressure in this disclosure or an understanding of pressure limiter
annular volume 66. However, because third outside 10 of the present
invention. Further, it should be un-  diameter 126 of piston 110 is larger
than first outside derstood that pressure limiter 10 may be used with  25
diameter 118 of the piston, as previously mentioned differentpositive
displacementpumpsotherthanthat   herein, it will be seen by those skilled
in the art that disclosed in the Brandell patent.                there is a
total net upward force on piston 110 acting Rotation of upper portion 206
of pump 26 causes  on an annular area defined between third outside di-
fluid from a well annulus 210 to be drawn into screen  ameter 126 and first
outside diameter 118, even when assembly 28 and pumped downwardly through
test-  30  packer pressure in annular volume 140 is equal to ing string 12
to pressure limiter 10. Fluid pumped from  pump pressure in annular volume
66. pump 26 enters pressure limiter 10 and enters the      As previously
discussed herein, the downward pressure limiter through central opening 44
between  biasing force exerted by spring 68 on piston 110 is mandrel. means
46 and housing means 42 as seen in  predetermined and adjusted by spacer
134, and FIG. 2A. The pumped fluid does not enter central flow   35   when
the upward force exerted by packer pressure passage 212 which extends
longitudinally through   acting upwardly on piston 110 exceeds the biasing
mandrel means 46. It will be seen that pumped fluid  force, piston 110 will
be moved upwardly within piston enters annular volume 66 between inner
mandrel 62  housing 76. The maximum upward movement of pis- and top
coupling 48, and thus is in communication  ton 110 is limited by the
engagement of shoulder 130 with port 88 in upper end 82 of piston housing
46. Up-  40  on the piston with shoulder 99 in piston housing 76. per port
74 and intermediate port 106 in inner man-   Initially, as already
described, O-ring 120 is be- drel 62 insure that annular volume 66 and 84
fill with  low port 88 in upper end 82 of piston housing 76, but liquid.
Fluid is pumped downwardly through annular  as piston 110 is moved upwardly
to its uppermost pos- volume 72 and into annular volume 140 through port
ition, O-ring 120 is moved above port 88. When this 108 in inner mandrel
62, annular space 156 and past  45  occurs, it wall be seen that annular
volume 84 will be check valve means 142. It will be seen that check  placed
in communication with annular volume 124 valve means 142 prevents reverse
flow from annular  through port 88 because second outside diameter of.
volume 140 into annularvolume 72. Thefluid is pump-  piston 110 is smaller
than first bore 86 in piston hous- ed downwardly through passage-way means
182 in a   ing 76. It will also be seen that annular volume 66 is
mannergenerallyknown inthearttoinflateupperand   so  thus placed in
communication with well annulus 210 lower packers 32 and 34 such that they
are in sealing  through port 92. When this occurs, the discharge of
engagement with well bore 14, thus isolating well for-  pump 26 is thus in
communication with well annulus mation 16.
210, and the pressure in annular volume 66 and the Pressure limiter 10 is
included in testing string 12  pump discharge is reduced to that in well
annulus so that packers 32 and 34 cannot be overinflated. Re-  55   210. In
other words, the pump inlet pressure and dis- ferring now to FIG.2B, itwill
be seen that packer pres-  charge pressure are essentially equalized. Thus,
up- sure is present in annular volume 140, and when pis-  per end 82 of
piston housing 76, and port 88 therein, ton 110 is in the closed position
shown, packer pres-  form one embodiment of a port means for providing 6



11                  EP0360597B1                     12 a flow path in
housing means 42 between the dis-   3. A combination according to claim 2
wherein said charge portion of pump 26 and outlet 92 of the hous-   means
for preventing premature relief of packer - Ing means. Checkvalve means 142
in pressure limiter    pressure is characterized by check valve means 10
prevents loss of packer pressure in annular volume  (142) for allowing flow
of fluid from said pump to 140, thus preventing premature deflation of
packers   5  said packer and preventing reverse fluid flow, 32 and 34.
such that packer pressure is maintained on a por  - - -  Packers 32 and 34
may be deflated by actuation      tion of said valve means. of tool string
12 in a manner known in the art, but until this has occurred, packer
pressure is maintained on  4. A combination according to claim 1,2 or3,
where- the bottom of piston 110 in pressure limiter 10, there-  10  in said
valve means defines a differential area by holding the piston in its
uppermost, open position.  thereon against which pump discharge pressure It
will be seen by those skilled in the art that pressure  acts. limiter 10
will remain in its open position, and cannot be reclosed, until packer
pressure in annular volume  5. A combination according to claim 4 wherein
said 140 has been relieved. The pressure in packers 32   15  differential
area is defined by the difference be- and 34 is relieved by manipulation of
tool string 12 in  tween lower (126) and upper (118) substantially a manner
known in the art. Once the pressure in        annular areas on said valve
means. packers 32 and 34 has been relieved such that they can deflate and
disengage from well bore 14, the   6. A combination according to any of
claims 1 to 5, packer pressure in annularvolume 140 will also be re-  20
wherein said port means comprises an annular [err]  Once the pressure in
annular volume 140 has    portion (86) in said housing means defining a
been reduced to substantially the same level as that  port (88)
therethrough. in well annulus 210, spring 68 will reclose piston 110, thus
reclosing pressure limiter 10 for reuse.      7. A combination according to
any of claims 1 to 6, 25     further comprising sealing means (116,120,132)
on said valve means for sealing between said Claims
port means and outlet when said valve means is. in said closed position. 1.
A combination of a pressure limiter (10) and a pump (26), for use in a tool
string having an inflat-  30  8. A combination according to any of claims 1
to 7, able packer, said combination comprising pres-     further comprising
sealing means on said valve sure limiter housing means (42) adapted to be
meansforsealing betweensaid valvemeansand positioned in a tool string (18)
between the pump  said mandrel means (116) and between said (26) and a
packer (32), said housing means de-    valve means and said housing means
(120,132) fining a central opening (44) therethrough; man-  35  for
preventing communication between said drel means (46) positioned in said
central open-   packer and said outlet in said housing means. ing of said
housing means; movable means (110) disposed between said housing means and
man-    9. A combination according to any of claims 1 to 8, drel means and
movable between an open posi-       wherein said mandrel means comprises:
an inner tion in response to an outlet pressure of said  40  mandrel (62);
and a flow tube (58) disposed in pump, and a closed position; and biasing
means     said inner mandrel such that a fluid passage (72) (68) for
biasing said movable means toward said    is defined therebetween for
directing fluid to a closed position; characterised in that said hous-
portion of said valve means opposite said biasing ing means (42) includes
an outlet (92) to an an-   means. nulus (210) of the well, the outlet being
in com-  45 munication with said central opening (44); and
. wherein port means (88) are provided on said    Patentanspruche housing
means (42) in communication with a dis- charge portion of said pump (26) to
provide a fluid  1. Kombination aus einem Druckbegrenzer (10) flow path in
said housing means, and wherein  50   und einer Pumpe (26) zur Verwendung
in elnem said movable means (110) is a valve means          Werkzeugstrang
miteinem aufblasbaren Packer, which provides communication between said
port     enthaltend Gehiusemittel (42) des Druckbe- means and said outlet
when in its open position    grenzers, die zur Positionierung in einem
Werk- to open said fluid flow path.                      zeugstrang (18)
zwischen der Pumpe (26) und ei- s5      nem Packer (32) eingerichtet sind
und eine 2. A combination according to claim 1 further com-
durchgehende Mitteloffnung (44) bestimmen; in prising means (142)
preventing premature relief    die Mitteldffnung der GehAusemittel
eingebrach- of pressure on said packer.                        te
Dornmittel (46); zwischen den GehAusemitteln 7    
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housing means 42 between the dis-   3. A combination according to claim 2
wherein said charge portion of pump 26 and outlet 92 of the hous-  means
for preventing premature relief of packer ing means. Check valve means 142
in pressure limiter  pressure is characterized by check valve means
10preventslossofpackerpressureinannularvolume         (142) for allowing
flow of fluid from said pump to 140, thus preventing premature deflation of
packers   5  said packer and preventing reverse fluid flow, 32 and 34.
such that packer pressure is maintained on a por- Packers 32 and 34 may be
deflated by actuation     tion of said valve means. of tool string 12 in a
manner known in the art, but until this has occurred, packer pressure is
maintained on  4. Acombination according to claim 1,2 or3, where- the
bottom of piston 110 in pressure limiter 10, there-  10  in said valve
means defines a differential area by holding the piston in its uppermost,
open position.  thereon against which pump discharge pressure It will be
seen by those skilled in the art that pressure  acts. limiter 10 will
remain in its open position, and cannot be reclosed, until packer pressure
in annular volume  5. A combination according to claim 4 wherein said 140
has been relieved. The pressure in packers 32   15  differential area is
defined by the difference be- and 34 is relieved by manipulation of tool
string 12 in  tween lower (126) and upper (118) substantially a manner
known in the art. Once the pressure in       annular areas on said valve
means. packers 32 and 34 has been relieved such that they can deflate and
disengage from well bore 14, the   6. A combination according to any of
claims 1 to 5, packer pressure in annularvolume 140 will also be re-  20
wherein said port means comprises an annular lieved. Once the pressure in
annular volume 140 has   portion (86) in said housing means defining a been
reduced to substantially the same level as that  port (88) therethrough. in
well annulus 210, spring 68 will reclose piston 110, thus reclosing
pressure limiter 10 for reuse.      7. A combination according to any of
claims 1 to 6, 25     furthercomprising sealing means (116,120,132) on said
valve means for sealing between said Claims
port means and outlet when said valve means is in said closed position. 1.
A combination of a pressure limiter (10) and a pump (26), for use in a tool
string having an inflat-  30  8. A combination according to any of claims 1
to 7, able packer, said combination comprising pres-    further comprising
sealing means on said valve sure limiter housing means (42) adapted to be
means for sealing between said valve means and positioned in a tool string
(18) between the pump  said mandrel means (116) and between said (26) and a
packer (32), said housing means de-   valve means and said housing means
(120,132) fining a central opening (44) therethrough; man-  35  for
preventing communication between said drel means (46) positioned in said
central open-   packer and said outlet in said housing means. ing of said
housing means; movable means (110) disposed between said housing means and
man-   9. A combination according to any of claims 1 to 8, drel means and
movable between an open posi-       wherein said mandrel means comprises:
an Inner tion in response to an outlet pressure of said  40  mandrel (62);
and a flow tube (58) disposed In pump, and a closed position; and biasing
means     said inner mandrel such that a fluid passage (72) (68) for
biasing said movable means toward said   is defined therebetween for
directing fluid to a closed position; characterised in that said hous-
portion of said valve means opposite said biasing ing means (42) includes
an outlet (92) to an an-   means. nulus (210) of the well, the outlet being
in com-  45 munication with said central opening (44); and wherein port
means (88) are provided on said   Patentanspruche housing means (42) in
communication with a dis- charge portion of said pump (26) to provide a
fluid  1. Kombination aus elnem Druckbegrenzer (10) flow path in said
housing means, and wherein  50   und elner Pumpe (26) zur Verwendung in
einem said movable means (110) is a valve means          Werkzeugstrang mit
einem aufblasbaren Packer, which provides communication between said port
enthaltend GehAusemittel (42) des Druckbe- means and said outlet when in
its open position    grenzers, die zur Positionierung in einem Werk- to
open said fluid flow path.                      zeugstrang (18) zwischen
der Pumpe (26) und el- 55      nem Packer (32) eingerichtet sind und eine
2. A combination according to claim 1 further com-    durchgehende
Mittel8ffnung (44) bestimmen; in prising means (142) preventing premature
relief    die Mittel6ffnung der Gehiusemittel eingebrach- of pressure on
said packer.                       to Dornmittel (46); zwischen den
Gehiusemitteln 7 l1111111 111111111111111 11 11111   
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angeordnete bewegbare       8. Kombination nach einem der Anspriche 1 bis
7,; Mittel (110), die zwischen einer offenen Stellung  ferner
gekennzeichnet durch Dichtmittel an den -i  - - unter Ansprechen auf einen
Ausla&druck der         Ventilmittein zurAbdichtung zwischen den Ventil-
. . Pumpe und einer geschlossenen Stellung be-         mitteln und den
Dornmitteln (116) und zwischen wegbar sind; und Vorspannmittel (68) zum
Vor-   5  den Ventilmitteln und den Gehausemitteln (120, spannen der
bewegbaren Mittel in die geschlos-     132) zur Verhinderung einer
Verbindung zwi- sene Stellung;                                     schen
dem Packer und dem AuslaB In den Ge- dadurch gekennzeichnet, daM die Gehiu-
hausemittein. semittel (42) elnen AuslaB (92) zu einem Ring- raum (210) der
Bohrung enthalten, welcher Aus-  10  9. Kombination nach elnem der
Anspruche 1 bis 8, laB mit der Mittel8ffnung (44) In Verbindung stsht;
dadurch gekennzelchnet, daB die Dornmittel ei- und daS an den
Gehausemitteln (42) Offnungs-       nen Inneren Dorn (62) und ein in dem
inneren mittel (88) zur Verbindung mit einem Auslalteil    Dorn
angeordnetes Fllelrohr (58) aufweisen, der Pumps (26) vorgesehen sind und
in den Ge-      derart, daB dazwischen sin Fluidkanal (72) be-
hausernitteln einen Fluidstromungsweg bilden;  15  stimmt ist, um Fluid auf
ein den Vorspannmitteln und daB die bewegbaren Mittel (110) Ventilmittel
gegeniberliegendes Teil der Ventilmittel zu lei- sind, die eine Verbindung
zwischen den Off-        ten. nungsmittein und dem Auslad herstellen, wenn
sle in ihrer offenen Stellung sind, um den Fluid- str6mungsweg zu offnen.
20   Revendications 2. Kombination nach Anspruch 1, ferner gekenn-     1.
Combinaison d'un limiteur de pression (10) et zeichnet durch Mittel (142)
zur Verhinderung ei-   d'une pompe (26), destinee A Atre utilisbe dans
nervorzeitigen Druckentlastung des Packers.        un train de tiges
d'outil ayant un packer gonfla- 25      ble, ladite combinaison comprenant
des moyens 3. Kombination nach Anspruch 2, dadurch gekenn-       formant
boftier (42) de limiteur de pression adap- zeichnet, daB die Mittel zur
Verhinderung vorzei-  tWs pour etre situhs dans un train de tiges d'outil
tiger Freigabe des Packerdrucks durch Rack-        (18) entre la pompe (26)
et un packer (32), lesdits schlagventilmlttel (142) bestimmt sind, die eine
moyens formant bottier definissant une ouvertu- Fluidstromung von der Pumpe
zum Packer ge-  30     re traversante centrale (44), des moyens formant
statten und sine umgekehrte Fluidstromung ver-     mandrin (46) situes dans
ladite ouverture centra- hindern, derart, dal der Packerdruck an einem
le desdits moyens formant boltier, des moyens Tell. der Ventilmittel
aufrechterhalten wird.      mobiles (110) disposes entre lesdits moyens
for- mant bottier et les moyens formant mandrin et 4. Kombination nach
Anspruch 1,2 oder 3, dadurch   35  mobiles entre une position ouverte en
reponse A - .   gekennzeichnet,' daB an den Ventilmitteln sine     une
pression de sortie de ladite pompe et une po- -   Differenzflache bestimmt
ist, auf die der Aus-     sition fermee, et des moyens de sollicitation
(68) gangsdruck der Pumps einwirkt.                     pour solliciter
lesdits moyens mobiles vers ladite position fermee, caracterisee en ce que
lesdits 5. Kombination nach Anspruch 4, dadurch gekenn-  40    moyens
formant bottier (42) comportent une sor- zeichnet, daS die Differenzfliche
durch die Dif-   tie (92) vers un annulaire (210) du puits, la sortie
ferenzzwischen unteren (126) und oberen (118),     etant en communication
avec ladite ouverture im wesentlichen ringformigen Flichen an den
centrale (44), et en ce que des moyens formant Ventilmitteln bestimmt ist.
orifice (88) sont prevus sur lesdits moyens for- 45      mant bottier (42),
en communication avec une 6. Kombination nach einem der Ansprulche 1 bis 5,
partie de decharge de laditb pompe (26) pour as- dadurch gekennzeichnet,
daB die Offnungsmittel     surer un trajet d'ecoulement de fluide dans les-
einen ringformigen Teil (86) in den Gehausemit-    dits moyens formant
bottier, et en ce que lesdits teln aufweisen, die eine durchgehende Offnung
moyens mobiles (110) sont des moyens formant (88) bestimmen.
60      vanne qui fournissent une communication entre lesdits moyens
formant orifice et ladite sortie 7. Kombination nach einem der Anspruche I
bis 6,      lorsqu'ils sont dans leur position ouverte, pour ferner
gekennzeichnet durch Dichtmittel (116,      ouvrir ledit trajet
d'ecoulement de fluids. 120, 132) an den Ventilmitteln zur Abdichtung
zwischen den Offnungsmitteln und dem AuslaS,  56   2. Combinalson selon la
revendication I compre- wenn die Ventilmittel in der geschlossenen Stel-
nant en outre des moyens (142) pour empecher lung sind.
un relachement premature de la pression sur Iedit packer. *8I
11111111111111 1111 11 1111    
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la revendication 2, dans la- quelle lesdits moyens pour empecher un
relache-                                  -   : ment premature de la
pression dans le packer sont caracterises en ce qu'ils comportent des
*moyens (142) formant clapet anti-retour destines   5 a permettre
I'hcoulement d'un fluide a partir de ladite pompejusqu'audit packer ot
empechant un ecoulement de fluide dans le sens inverse, de sorts quo la
pression de packer est maintenue sur une partle desdits moyens formant
vanne.    10 4. Combinaison selon la revendication 1, 2 ou 3, dans laquelle
lesdits moyens formant vanne d6- finissent une surface differentielle
contre laquel- le agit la pression de decharge de la pompe.  15 5.
Combinaison selon la revendicatlon 4 dans la- quelle ladite surface
differentielle est definie par la difference entre des surfaces
sensiblement an- nulaires inferieure (126) et superieure (118) des-  20
dits moyens formant vanne. 6. Combinaison selon l'une quelconque des reven-
dlcations 1 A 5, dans laquelle lesdits moyens for- mant orifice comportent
une partle annulaire (86)  25 des moyens formant bottier delimitant un
orifice traversant (88). 7. Combinaison selon l'une quelconque des reven-
dications I A 6, comprenant en outre des moyens   30 d'etancheite (116,
120, 132) situes sur lesdits moyens formant vanne pour assurer 'etancheite
-entre lesdits moyens formant orifice et la sortie lorsque lesdits moyens
formant vanne sont dans ladite position fermes.                    35 S.
Combinaison selon l'une quelconque des raven- dications I A 7, comprenant
en outre des moyens doAtancheitA situes sur lesdits moyens formant vanne
pour assurer l'etancheite entre lesdits  40 moyens formant vanne et lesdits
moyens (116) formant mandrin et entre lesdits moyens formant vanne et
lesdits moyens (120, 132) formant bot- tier. pour empecher une
communication entre le- dit packeretladite sortie desdits moyens formant
45 bottier. 9. Combinaison selon l'une quelconque des roven- dications 1 A
8, dans laquelle lesdits moyens for- mant mandrin comportent: un mandrin
interieur  50 (62), un tube (58) d'ecoulement dispose dans le- dit mandrin
Interieur de sorte qu'un passage (72) pour le fluids est defini entre eux
pour diriger le fluide jusqu'A une partie desd its moyens formant vanne
opposeeauxdits moyens de sollicitation.   55 .. ... ...  .. ,#   .~~~~~~
.~~~~~~~~~~~~~~~~~~~~~~~~~ .:    


