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placement element, said apparatus comprising: en- closure means, in said
well testing string having a This invention relates to downhole testing ap-
wall defining a pumping chamber adjacent said paratus having pumps with
pressure limiters for   pump and in pressure transmitting communication
pumping fluid to inflate inflatable packers, and   5   with said fluid
displacement element; inlet valve more particularly to a pressure limiter
for use in  means associated with said enclosure means for such an
apparatus.                                controlling flow of fluid from a
well annulus into A known method of testing a well formation is  said
pumping chamber; outlet valve means asso- to isolate the formation between
a pair of inflatable  ciated with said enclosure means for controlling
packers with a flow port therebetween adjacent the   io  flow of fluid from
said pumping chamber to a lower formation. The packers are inflated by
means of a  well testing string portion; and a pressure limiting pump in
the testing string which pumps well an-   means; characterised in that said
enclosure means nulus fluid or mud into the packers to place them  further
includes a hole through the wall thereof in sealing engagement with the
well bore. Typi-   providing communication between said pumping cally,
positive displacement pumps are used. One   15  chamber and said lower
testing string portion such downhole pump is actuated by the vertical
through bypass passage means defining a flowpath reciprocation of the
tubing string connected to the  bypassing said outlet valve means; and said
pres- pump, such as disclosed in U.S. patent no.        sure limiter means
comprises a piston sealingly 3,876,000 to Nutter and U.S. patent no.
3,876,003  closing said hole to said bypass passage means to Kisling, Ill.
Other pumps are actuated by rotation   20  when in a normal operating
position and opening of the tool string. U.S. patent no. 4,320,800 to  said
hole to said bypass passage means when in Upchurch has two pumps. The first
pump is ac-     an actuated position such that said pumping cham- tuated by
rotation and inflates the lower packer in  ber and said lower testing
string portion are in the testing string and the second pump is actuated
communication; and biasing means for biasing said by vertical actuation of
the pipe string and inflates  25  piston toward said normal operating
position. the upper packer. Our U.S. patents nos. 3,439,740    According to
a second aspect of the invention, (to Conover) and 4,246,964 (to Brandell)
disclose a  there is provided a pressure limiter apparatus, for
rotationally operated pump having a plurality of  use in a well testing
string having a positive dis- vertically reciprocating pistons which are
driven by  placement pump including a fluid displacement a cam structure.
Inlet and outlet valves are posi-  30  element, said apparatus comprising:
enclosure tioned adjacent each of the pistons. A simpler,   means, in said
well testing string having a wall sleeve-type pump piston is used in the
downhole   defining a pumping chamber adjacent said pump pump of our U.S.
patent no. 3,926,254 (Evans et   and in pressure transmitting communication
with al). In the Evans et al. apparatus, as well as the  said fluid
displacement element; inlet valve means other pumps described above, the
pump piston is  35  associated with said enclosure means for control- in
direct contact with the well annulus fluid.    ling flow of fluid from a
well annulus into said When inflating the packers, it is essential that
pumping chamber; outlet valve means associated the packers not be
overinflated and damaged. For  with said enclosure means for controlling
flow of this reason, most of the pumps of the prior art    fluid from said
pumping chamber to a lower well include relief valves which relieve
pressure from   40  testing string portion; and pressure limiting means;
the pump to the well annulus. A major problem with  characterised in that
said pressure limiting means such devices is that if the relief valve is
stuck in an  comprises: piston means reciprocably disposed in open
position, the pump cannot be used to inflate  said enclosure means and
having a first portion the packers and complete an operation. A pump
and a second portion relatively smaller than said without a relief valve is
disclosed in our U.S. patent  45  first portion such that an annular area
is defined no. 4,313,495 (to Brandell). In this pump, a clutch  between
said first and second portions, said piston is used which is disengaged
when the pump pres-   means being movable in response to pumping ac- sure
reaches a predetermined level, thus making   tion of said pump such that
the volume of said the pump inoperative.
pumping chamber is increased by an amount ap- We have now devised a
pressure limiter for  50  proximately equal to a displacement of said pump;
use in a well testing string having a positive dis-  first sealing means
for sealingly separating said placement pump therein, the pressure limiter
being  pumping chamber and said well annulus adjacent such as to limit
packer pressure internally without  said first portion of said piston
means; and second venting fluid therein directly to the well annulus.
sealing means for sealingly separating said pump- According to a first
aspect of the present in-  55  ing chamber from said well annulus adjacent
said vention, there is provided a pressure limiter ap-  second portion of
said piston means. Biasing paratus, for use in a well testing string having
a  means are preferably provided for biasing the pis- positive displacement
pump including a fluid dis-  ton means towards a position minimizing the
vol- 2   



3                 EP0266036B1                       4 ume of the pumping
chamber.                      the packers. In this arrangement, the second
seal- The pressure limiter of the present invention  ing means is further
adapted for sealingly separat- can be used equally well with any positive
dis-   ing the well annulus and the lower testing string placement pump,
and the invention is not intended  portion, and the pressure limiting means
further to be limited to any particular pump configuration.   5   comprises
third sealing means for sealingly sepa- In the present application, we
particularly describe  rating the pumping chamber and the lower testing the
use of the limiters with a diaphragm pump. This  string portion adjacent
the third portion of the pis- pump includes a single sleeve-type pump
piston,   ton means. and a diaphragm which separates a piston cham-
In embodiments of the second aspect of the ber in which the piston
reciprocates from a pump-  10  invention, the inlet valve means is
preferably moun- ing chamber with inlet and outlet valves therein  ted on
the piston means. Also, filtering means is through which the fluid is moved
to inflate the   preferably mounted on the piston means for filter- packer.
The piston chamber is filled with a clean  ing the fluid in the well
annulus flowing to the inlet hydraulic lubricant which promotes longer life
for  valve means. the pump parts. Backup piston wiper rings are  15
Thus, the present invention includes a variable provided to clean the
piston of abrasive particulate  efficiency pump comprising case means with
a in the event the diaphragm is ruptured. Simple inlet  piston chamber and
a pumping chamber therein, and outlet check valves with resilient annular
seal-  pump piston means disposed in the piston cham- ing lips are used,
and these valves are not easily  ber, and inlet and outlet check valve
means for clogged or damaged by abrasives in the well fluid.  20  allowing
flow into and out of the pumping chamber These valves are similar to valves
in the Halliburton  in response to movement of the piston. A mandrel Omni
RS Circulation Valve, and are described in   means is rotatable in the case
means and com- our European patent specification no. 223552.     prises cam
means thereon. Cam follower means on The pressure limiter of the present
invention  the pump piston means follows the cam means for forms a part of
a testing string having a positive   25  reciprocating the piston means in
response to rota- displacement pump used to pump well annulus       tion of
the mandrel means. In the pump embodi- fluid for inflating packers adjacent
a well formation  ment shown herein, diaphragm means sealingly to be
treated. Preferably, the pressure limiter forms  positioned between the
piston chamber and pump- a part of the pump.
ing chamber prevents fluid communication there- The pressure limiting means
are in commu-  30  between, while fluid movement in the pumping nication
with the pumping chamber for increasing  chamber is responsive to fluid
movement in the the volume of the pumping chamber when a fluid    piston
chamber. pressure differential between the pumping chamber    In order that
the invention may be more fully and the well annulus exceeds a
predetermined      understood, embodiments thereof will now be de- value.
The pressure limiting means is also adapted   35  scribed, by way of
illustration only, with reference for preventing venting of the fluid in
the pumping  to the accompanying drawings, in which: chamber to the well
annulus, unlike previously       FIGS. 1A-1B show a pressure limiter and
testing known relief valves. The pressure limiting means is,  apparatus of
the present invention in position in in a fluid flow sense, disposed
substantially be-   a well bore for testing a well formation. tween the
inlet and outlet valve means.      40      FIGS. 2A-2F show a partial
longitudinal cross- In the pressure limiters of the invention, when
section of a downhole diaphragm pump with one the pressure limiter piston
is in the actuated posi-  embodiment of the pressure limiter. tion, fluid
is bypassed around the outlet valve      FIG. 3 is a 360  elevation of the
pump cam. means. When this occurs, pumping action can still   FIG. 4 is a
cross-sectional view of the pump take place, although fluid flow and
compression will  45  piston taken along lines 4-4 in FIG. 2C. cease.
FIG. 5 is a cross-section taken along lines 5-5 in In the description
herein, we refer to three     FIG. 4 and showing a visco-jet. embodiments
of the invention. The first embodi-     FIG. 6 is a cross-sectional view of
the pump ment is in accordance with the first aspect of the  piston taken
along lines 6-6 in FIG. 4 and show- invention, and the second and third
embodiments  50    ing a one-way check valve. are in accordance with the
second aspect of the      FIG. 7 is an enlarged area of a portion of FIG.
invention. In one example of a pressure limiter in  2E showing a first
embodiment of the pressure accordance with the second aspect of the inven-
limiter in accordance with the first aspect of the tion, the piston means
further includes a third por-  invention. tion relatively smaller than the
second portion such  55  FIG. 8 is a cross-section of the first embodiment
that another annular area is defined between the     pressure limiter body
taken along lines 8-8 in second and third portions which is in communica-
FIG. 7. tion with the lower testing string portion and thus  FIG. 9 is an
elevation of the first embodiment 3  
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body as viewed from lines 9-9  therethrough. Upper adapter means 42
includes a in FIG. 8.                                     top adapter 46
with an internally threaded upper FIGS. 10A-10D show a portion of the
downhole   end 48 adapted for attachment to an upper portion diaphragm pump
below the diaphragm which       of testing apparatus 12 above pump 10.
Forming a includes a second embodiment of the pressure   5   lower part of
upper adapter means 42 is a torque limiter in accordance with the second
aspect of  case 50 attached to a lower end of top adapter 46 the invention.
at threaded connection 52. FIGS. 11A-11D illustrate the pump below the
Pump 10 also includes outer case means 54, diaphragm with a third
embodiment of the pres-  spaced below upper adapter means 42, which de-
sure limiter of the present invention also in ac-  10  fines a central
opening 56 therethrough. An inner, cordance with the second aspect of the
inven-  upper mandrel means 58 interconnects upper tion.
adapter means 42 and case means 54 and extends Referring now to the
drawings, and more par-  into central openings 44 and 56, respectively.
ticularly to FIGS. 1A-11B, an inflatable packer pump  Upper mandrel means
58 includes a torque is shown, generally designated by the numeral 10,  15
mandrel 60 having an outer surface 62 slidingly including the pressure
limiter of the present inven-  received in bore 64 of top adapter 46, and a
seal tion, generally designated by the numeral 11.     66 provides sealing
engagement therebetween. Pump 10 and pressure limiter 11 form part of a
Torque case 50 has an internally splined por- testing string or tool 12.
Testing string 12 is shown  tion 68 with an inwardly directed annular
shoulder in position in a well bore 14 for use in testing a well  20  69 at
the lower end thereof. Splined portion 68 is formation 16.
engaged with an externally splined portion 70 on Testing apparatus 12 is
attached to the lower  torque mandrel 60. It will thus be seen that
relative end of a tool string 18 and includes a reversing sub  longitudinal
movement between upper adapter 20, a testing valve 22 such as the
Halliburton   means 42 and upper mandrel means 58 is possible
Hydrospring[err] tester, and an extension joint 24, all  25  while relative
rotation therebetween is prevented by of which are positioned above pump
10.           the mutual engagement of spline portions 68 and Disposed
below pump 10 in testing apparatus   70. Torque case 50 also has a
plurality of down- 12 are a packer bypass 26, a string bypass 28, and
wardly directed lugs 71 at the lower end thereof. a safety joint 30  such
as the  Halliburton         The upper end of a floating piston mandrel 72
Hydroflate[err] safety joint.                    30  is threadingly engaged
with the lower end of torque An upper packer 32 is attached to the lower
mandrel 60 at threaded connection 74. Sealing is end of safety joint 30 and
is disposed above forma-  provided between floating piston mandrel 72 and
tion 16. A lower packer 34 is positioned below well  torque mandrel 60 by
means of a seal 76. Floating formation 16. A porting sub 36 interconnects
upper  piston mandrel 72 extends downwardly out of cen- packer 32 and lower
packer 34. An equalizing tube   35  tral opening 44 of upper adapter means
42 and into and spacers (not shown) may also be used be-     central
opening 56 of case means 54. The upper tween upper packer 32 and lower
packer 34 de-     end of floating piston mandrel 72 has an outer pending
upon the longitudinal separation required  surface 78 in close, sliding
relationship with bore therebetween.                                     80
of the lower end of torque case 50. Upper packer 32 and lower packer 34 are
40      At the upper end of case means 54 is a piston inflatable by pump 10
in a manner hereinafter    cap 82 attached to a floating piston case 84 at
described such that the packers may be placed in  threaded connection 86.
Piston cap 82 has a first sealing engagement with well bore 14, thus
isolat-  bore 88 in close spaced relationship with an outer ing well
formation 16 so that a testing operation  surface 90 of an intermediate
portion of floating may be carried out.                          45  piston
mandrel 72. A seal 92 is provided there- A gauge carrier 38 is attached to
the lower end  between. Outwardly spaced from outer surface 90 of lower
packer 34 and includes a plurality of drag  of floating piston mandrel 72
is a second bore 94 springs 40 which are adapted to engage well bore  which
is in communication with a transverse hole 14 and prevent rotation of a
portion of testing  96 in piston cap 82. Piston cap 82 also has a apparatus
12 during inflation of upper packer 32   50  plurality of upwardly directed
lugs 98 at the upper and lower packer 34, as hereinafter described.   end
thereof. Lugs 98 are dimensioned to be en- Referring now to FIGS. 2A-2F,
the details of  gageable with lugs 71 on torque case 50 when pump 10 are
shown. It should be noted that pres-  desired, as will be discussed in more
detail herein. sure limiter 11 is not limited to use with this par-
Floating piston case 84 has an inner bore 100 ticular pump. Pressure
limiter 11 is easily adapted  55  which is outwardly spaced from outer
surface 90 of for use with any positive displacement pump.     floating
piston mandrel 72 such that an annular Pump 10 generally includes upper
adapter means   equalizing chamber 102 is defined therebetween. 42 defining
a longitudinally central opening 44   Reciprocably disposed in equalizing
chamber 102 4 



7                 EP02 66 036 B1                    8 is an annular,
floating equalizing piston 104. Piston  tially cylindrical outer surface
154 which defines a rings 106 seal between equalizing piston 104 and
substantially annular cam slot 156 therein. In the bore 100 of floating
piston case 84, and piston   [err] view of outer surface 154 shown in FIG.
3, it rings 108 seal between the equalizing piston and  will be seen that
cam slot 156 has two upper outer surface 90 of floating piston mandrel 72.
As   5   portions 158 and 160 and two lower portions 162 shown in FIG. 2B,
an upper end 110 of equalizing  and 164. piston 104 is engaged with a
downwardly facing       Still referring also to FIG. 2C, annularly dis-
shoulder 112 on piston cap 82, thus defining an   posed between pump cam
136 and splined piston upwardmost position of the equalizing piston. As
case 142 is a piston means, preferably in the form more fully described
hereinafter, equalizing piston   10  of a single, sleeve-type pump piston
166. A cam 104 is free to reciprocate in equalizing chamber  follower pin
168 with a cam roller 169 thereon is 102 as determined by the differential
pressure    transversly positioned on pump piston 166 and across the
piston.                                affixed thereto at threaded
connection 170. Cam Floating piston case 84 has a transverse hole  follower
pin 168 extends radially inwardly into cam 114 therein which is in
communication with equaliz-  15  slot 156 on pump cam 136. Cam roller 169
fits ing chamber 102. Equalizing chamber 102 may be    freely on cam
follower pin 168 and is guided by filled with a lubricating oil through
transverse hole  cam slot 156. Cam roller 169 is shown in various 114.
After filling with oil, hole 114 is closed by plug  positions along cam
slot 156 in FIG. 3. Seals 172 116.
provide sealing between pump cam 136 and inner The lower end of floating
piston mandrel 72 is  20  surface 174 of pump piston 166. attached to a
bushing mandrel 118 at threaded        The outer surface of pump piston 166
includes communication 120. Sealing engagement is pro-     a plurality of
outer splines 176 which engage inner vided between floating piston mandrel
72 and      splines 178 in splined piston case 142. Thus, pump bushing
mandrel 118 by a seal 122.                piston 166 is prevented from
relative rotation with The lower end of floating piston case 84 de-  25
respect to splined piston case 142, while relative fines a bore 124 with a
shoulder 126 at the upper  longitudinal movement therebetween is permitted.
end of the bore. Bore 124 is outwardly spaced        The lower end of
splined piston case 142 is from outer surface 128 of bushing mandrel 118
connected to the upper end of a piston seal case such that a cavity is
defined therebetween in which  180 at threaded connection 182. A seal 184
is is positioned an annular bushing 130. A set screw   30  provided
therebetween. 132 is threadingly disposed in a transverse hole     A pair
of seals 186 and a wiper ring 188 are 134 in floating piston case 84. Set
screw 132     provided between piston seal case 180 and outer lockingly
engages a radially outer groove 136 in  surface 190 of pump piston 166.
Another wiper ring bushing 130 for locking the bushing in place with  192
is located between the inside of pump piston respect to floating piston
case 84. Upper mandrel  35  166 and outer surface 194 of pump cam 136.
Seals means 58 is adapted for rotation within central   186 provide a
sealing means between pump piston cavity 56 of case means 54, and it will
be seen by  166 and piston seal case 180. Wiper rings 188 and those skilled
in the art that bushing 130 provides  192 act as a backup for cleaning pump
piston 166 radial support and alignment for upper mandrel    of mud
abrasives in the event of failure of dia- means 58.
40  phragm  226 hereinafter described. The primary Referring now also to
FIG. 2C, the lower end of  function of wiper rings 188 and 192 is to clean,
bushing mandrel 118 is connected to a pump cam    although some sealing
action may also occur. 136 at threaded connection 138. A seal 140 is
Positioned within case means 54 and below provided for sealing between
bushing mandrel 118  inner, upper mandrel means 58 is an inner, lower and
pump cam  136. The lower end of floating   45  mandrel means 196. Forming
an upper end of piston case 84 is attached to splined piston case  lower
mandrel means 196 is a diaphragm mandrel 142 at threaded connection 144. It
will be seen that  198. The upper end of diaphragm mandrel 198 is splined
piston case 142 covers set screw 132.     received within the lower end of
pump cam 136, A thrust bearing 146 is annularly disposed be-  and seals 200
are provided therebetween. As will tween outer surface 128 of bushing
mandrel 118  50  be hereinafter described, upper mandrel means 58 and bore
148 in splined piston case 142 and ion-  is rotatable with respect to lower
mandrel means gitudinally between a downwardly facing shoulder  196, and
thus pump cam 136 is rotatable with 150 on floating piston case 84 and an
upwardly    respect to diaphragm mandrel 198. facing shoulder 152 on pump
cam  136. Thrust         A substantially annular piston chamber 202 is
bearing 146 absorbs longitudinal loading between   55  generally defined
between pump cam 136 of upper upper mandrel means 58 and case means 54
while     mandrel means 58 and splined piston case 142 still allowing
relative rotation therebetween.    and piston seal case 180 of case means
54. Piston Pump cam 136 has an intermediate substan-      chamber 202
includes a lower portion 201 and an 
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203. As will be hereinafter described,  volume below equalizing piston 104
and above pump piston 166 will longitudinally reciprocate   diaphragm 226
is filled with oil. within piston chamber 201 as upper mandrel            A
lower end of piston seal case 180 is con- means 58, and therefore pump cam
136, are rotat-  nected to an upper end of a splined upper pump ed. As
shown in FIG. 2C, pump piston 166 is at the   5   breakoff 237 at threaded
connection 238. Upper uppermost point in its stroke in piston chamber
pump breakoff 237 thus forms another portion of 201.
case means 54. A seal 240 is provided between At the lower end of piston
chamber 201 and     piston seal case 180 and upper pump breakoff 237.
annularly positioned between diaphragm mandrel       Upper pump breakoff
237 has a plurality of 198 and piston seal case 180 is a diaphragm   10
inwardly directed splines 242 which are engaged clamp 204. The upper end of
diaphragm clamp 204   by outwardly directed splines 244 on diaphragm is in
contact with annular shoulder 206 in piston  mandrel 196. Thus, relative
rotation between dia- seal case 180. An outer seal 208 is positioned
phragm mandrel 196 and case means 54 is pre- between diaphragm clamp 204
and piston seal       vented. It will be seen that this prevents relative
case 180, and an inner seal 210 is positioned   15  rotation between lower
mandrel means 196 and between diaphragm  clamp 204 and diaphragm
case means 54. mandrel 198. Diaphragm clamp 204 defines a plu-
Referring now to FIG. 2D, the upper portion of rality of longitudinally
disposed holes 212 thereth-  a first embodiment of pressure limiter 11 with
addi- rough which form part of lower portion 202 of     tional components
of case means 54 and lower piston chamber 201.                          20
mandrel means 196 are shown. Upper pump A plurality of outer splines 214 on
diaphragm  breakoff 237 is connected to bottom pump breakoff mandrel 198
are engaged by a plurality of inner   246 at threaded connection 248. An
upper end of a splines 216 on the inside of diaphragm clamp 204.  pressure
limiter case 250 is connected to an outer Thus, relative rotation between
diaphragm clamp   portion of the lower end of bottom pump breakoff 204 and
diaphragm mandrel 198 is prevented.  25  246 at threaded connection 252.
The upper end of A diaphragm limiter 218 is connected to dia-   a check
valve holder 254 is connected to an inner phragm mandrel 198 at threaded
connection 220.    portion of the lower end of bottom pump breakoff
Diaphragm limiter 218 is positioned below, and    246 at threaded
connection 256. A seal 258 is spaced from, diaphragm clamp 204.
disposed between bottom pump breakoff 246 and Diaphragm limiter 218 has an
annular, upper  30  check valve holder 254. shoulder 222, and diaphragm
mandrel 198 has an       The upper end of an intake screen assembly
annular, upper shoulder 224 thereon spaced radi-  260 is attached to the
lower end of check valve ally inwardly from shoulder 222 on the diaphragm
holder 254 at threaded connection 262. A seal 264 limiter. Shoulders 222
and 224 are preferably sub-  is disposed between intake screen assembly 260
stantially aligned longitudinally, but some misalign-  35  and check valve
holder 254. ment is acceptable.                                  A lower
end of diaphragm mandrel 198 is re- An annular diaphragm 226 is
longitudinally po-  ceived in an upper end of pump mandrel 266. A sitioned
between diaphragm clamp 204 and dia-     seal 268 provides sealing
engagement between phragm limiter 218. Diaphragm 226 has a beaded
diaphragm mandrel 198 and pump mandrel 266. outer edge 228 which is
sealingly clamped be-  40  An annular cavity 270 is thus defined between
tween diaphragm clamp 204 and shoulder 222 on     pump mandrel 266 and
check valve holder 254. It diaphragm limiter 218. Similarly, diaphragm 226
will be seen that cavity 270 is. in communication has a beaded inner edge
230 which is sealingly    with cavity 232 and thus forms a portion of pump-
clamped between diaphragm clamp 204 and shoul-    ing chamber 234. der 224
on diaphragm mandrel 198. Thus, cavity  45    Referring now also to FIG.
2E, it will be seen 232 below diaphragm 226 is sealingly separated    that
intake screen assembly 260 includes an intake from piston chamber 202.
Diaphragm 226 is prefer-  screen 272 annularly disposed around, and spaced
ably formed from a reinforced elastomeric material.  radially outwardly
from, a screen mandrel 274. In- Cavity 232 forms an upper portion of a
pumping    take screen 272 is fixedly attached to screen man- chamber,
generally designated by the numeral 234.  50  drel 274 such as by upper
weld 276 and lower A transverse hole 235 through piston seal case  weld
278. 180 opens into lower portion 202 of piston chamber   Intake screen
assembly 260 is spaced radially 201. Piston chamber 201 may be filled with
a      inwardly from pressure limiter case 250 such that lubricating oil
through transverse hole 235. After  an annular inlet chamber 280 is defined
there- filling, hole 235 is closed with plug 236. A study of  55  between.
Pressure limiter case 250 defines at least FIGS. 2B and 2C will show that
upper portion 203  one transverse hole 282 therethrough which pro- of
piston chamber 201 is in communication with    vides communication between
inlet chamber 280 



equalizing chamber 102. Thus, the entire annular  and well annulus 284
defined between well bore 14 6    11                EP 0 266 036 B1
12 and testing string 12. Well annulus 284 is shown in  provided
therebetween. Check valve seat 322 has FIGS. 1 A and 1B. Screen mandrel 274
defines at  an inner bore 328 with an annular shoulder 330 least one
transverse hole 286 therethrough and   extending radially inwardly
therefrom. It will be located inside intake screen 272. It will be seen
seen that a cavity 332 is defined between bore 328 that hole 286 is in
communication with well annulus   5   of check valve seat 322 and pump
mandrel 266. fluid passing through intake screen 272.          Cavity 332
forms a lowermost part of pumping As shown in FIG. 2D, inlet check valve
means,  chamber 234. generally designated by the numeral 288, is pro-
Referring now also to FIG. 2F, a seal 334 is vided for allowing well
annulus fluid passing     provided between check valve seat 322 and pump
through hole 286 to enter pumping chamber 234   10  mandrel 266 below
shoulder 330. Check valve seat when desired, in a manner hereinafter
described.  322 defines at least one transverse hole 336 there- Inlet check
valve means 288 preferably comprises  through which is in communication
with cavity 332. a resilient valve portion 290 carried by a valve
Outlet check valve means, generally designat- portion carrier 292. Valve
portion 290 and valve  ed by the numeral 338, is provided for controlling
portion carrier 292 are annularly disposed between   is  flow of fluid out
of pumping chamber 234 into intake screen assembly 260 and pump mandrel
annular outlet chamber 340 defined between case 266 and longitudinally
immediately below check    means 54 and lower mandrel means 196. Outlet
valve holder 254. A seal 294 is provided between  check valve means 338
preferably includes a resil- valve portion carrier 292 and sleeve mandrel
274 of  ient annular valve portion 342 carried by valve screen assembly
260. Valve portion 290 has a   20  portion carrier 344. Valve portion
carrier 344 is resilient annular lip 296 having a radially outer  disposed
longitudinally below check valve retainer surface 298 that is sealingly
engaged against radi-  318 and annularly between check valve seat 322 ally
inner surface 300 of screen mandrel 274. Valve  and lower check valve case
312. A seal 346 is portion 290 is further configured such that an an-
provided between valve portion carrier 344 and nular space 302 is defined
between valve portion   25  check valve seat 322. Valve portion 342
includes a 290 and screen mandrel 274. It will be seen that  resilient
annular lip 348 having a radially inner annular space 302 is in
communication with hole  surface 350 which sealingly engages a radially 286
in screen mandrel 274 and thus in communica-  outer surface 352 of check
valve seat 322. Valve tion with fluid in well annulus 284.
portion 342 and check valve seat 322 are adapted Referring again to FIG.
2E, the lower end of  30  to define an annular space 354 in fluid
communica- pressure limiter case 250 is connected to a pres-  tion with
hole 336, and thus also forming a portion sure limiter body 304 at threaded
connection 306.  of pumping chamber 234. Pressure limiter body 304 is a
major component of    Referring again to FIG. 2F, the lower end of the
first embodiment of pressure limiter means 11,  lower check valve case 312
is connected to a lower as will be discussed in more detail hereinafter. An
35  adapter 356 at threaded connection 358, and a seal upper portion 308 of
pressure limiter body 304   360 is provided therebetween. It will be seen
that extends into the lower end of screen mandrel 274  lower adapter 356
thus forms the lowermost portion of intake screen assembly 260. A seal 310
is     of case means 54. positioned therebetween.
A lower end of pump mandrel 266 is received The lower end of pressure
limiter body 304 is  40  in an upper end of an adaptor mandrel 362. A seal
connected to a lower check valve case 312 at     364 is provided for
sealing engagement between threaded connection 314, and a seal 316 provides
pump mandrel 266 and adapter mandrel 362. sealing engagement therebetween.
It will be seen  Adapter mandrel 362 and lower adapter 356 define that
pressure limiter body 304 and lower check    an annular cavity 366
therebetween. Extending ra- valve case 312 are additional components of
case  45  dially outwardly from the upper end of adapter means 54.
mandrel 362 are a plurality of upper guide lugs 368 Pump mandrel 266
extends longitudinally       which are angularly disposed from one another
through pressure limiter body 304 and lower check  such that gaps 370 are
defined therebetween. Up- valve case 312, thus defining additional portions
of  per guide lugs 368 are in close spaced relationship pumping chamber 234
between pump mandrel 266   50  to first inner bore 372 of lower adapter 356
and and case means 54. Adjacent pressure limiter body  guide thereon. At
the lower end of adapter mandrel 304 and spaced radially outwardly from
pump      362 are a plurality of lower guide lugs 374 which mandrel 266 is
a substantially annular check valve  are in close spaced relationship to
second inner retainer 318. A seal 320 is provided between check  bore 376
of lower adapter 356, and thus guide valve retainer 318 and an intermediate
portion of  55  thereon. Lower guide lugs 374 are angularly dis- pressure
limiter body 304. A lower end of check  placed from one another such that a
plurality of 



valve retainer 318 is attached to a check valve seat  gaps 378 are defined
therebetween. It will be seen 322 at threaded connection 324, and a seal
326 is  that because of gaps 370, annular cavity 366 forms 7    13
EP 0 266 036 B1                   14 portion of discharge chamber 340.
166 is reciprocating during normal pumping. Check The lower end of adapter
mandrel 362 defines  valves 394 are also of a kind known in the art and an
inner bore 380 and the lower end of lower     allow fluid flow downwardly
through passageways adapter 356 has an externally threaded portion 382  384
and 386 while preventing upward fluid flow which are adapted for engagement
with the portion   5   therethrough. The significance of visco-jet 392 and
of testing apparatus 12 positioned below pump 10  check valves 394 on the
operation of pump 10 will and pressure limiter 11, in a manner known in the
be more fully explained in the discussion of the art. This lower portion of
testing apparatus 12 has  operation of the invention herein. an annular
passageway therethrough (not shown) in    Referring again to FIG. 2E in
which the first fluid communication with upper packer 32 and low-  10
embodiment of pressure limiter 11 is shown, pres- er packer 34. Because of
gaps 378, it will be seen  sure limiter body 304 has a transverse cavity
396 that this annular passageway is in fluid communica-  in which is
disposed a pressure limiter assembly tion with discharge chamber 340.
398. Referring now to FIG. 4, a transverse cross      Referring now also to
the enlarged detail of section through the portion of pump piston 166   15
FIG. 7, pressure limiter assembly 398 includes a which includes splines 176
is shown. Three an-    pressure limiter housing 400 which is fixed in
trans- gularly disposed passageways 384, 386 and 388    verse cavity 396 by
threaded connection 402. Pres- extend through pump piston 166. As shown in
FIG.  sure limiter housing 400 engages seat portion 404 2C, passageway 384
opens into inner surface 174  of pressure limiter body 304. Seat portion
404, of pump piston 166 at a point below seals 172,  20  which defines a
radially inner boundary of trans- even when the pump piston is at the
uppermost    verse cavity 396 defines a transverse hole 406 position. The
other end of passageway 384 opens  therethrough  in communication  with
pumping into upper portion 203 of piston chamber 201 adja-  chamber 234.
Hole 406 opens into a central cavity cent splines 176. Passageways 386 and
388 are    408. similarly located.                           25      From
the outermost end of pressure limiter Extending angularly through a lower
end of    housing 400 a sleeve 410 extends radially inwardly pump piston
166 are a plurality of bypass ports  into central cavity 408. Sleeve 410
defines a sub- 390. In the preferred embodiment, four such ports
stantially cylindrical piston bore 412 therethrough are used. However, it
is not intended that the   with an inwardly extending shoulder 414 adjacent
invention be limited to this number. Each port 390   30  the outer end of
the piston bore. Reciprocably opens into inner surface 174 of pump piston
166 at  disposed in piston bore 412 is a substantially cylin- a point above
wiper ring 192. The other end of   drical portion 416 of a pressure limiter
piston 418. each bypass port 390 opens into outer surface 190  Cylindrical
portion 416 of pressure limiter piston of pump piston 166, and thus into
lower portion  418 slides within piston bore 412, and a seal 420 is 202 of
piston chamber 201, at a point below wiper  35  provided therebetween. ring
188, even when the pump piston is at the        Extending outwardly from
cylindrical portion topmost position shown in FIG. 2C.                416
of pressure limiter piston 418 is a flange por- It will thus be seen that a
fluid path is defined  tion 422 which defines a plurality of openings 424
through bypass ports 390, annularly between pump  therethrough. When
pressure limiter piston 418 is piston 166 and pump cam 136, and through
pas-  40  in the closed position shown in FIGS. 2E and 7, sageways 384, 386
and 388 which provides inter-  flange portion 422 is in sealing engagement
with communication between lower portion 202 and up-  seat portion 404 of
pressure limiter body 304 such per portion 203 of piston chamber 201.
that hole 406 is closed. A spring 426 biases pres- Obviously, if
passageways 384, 386 and 388    sure limiter piston 418 to the closed
position. were always open, reciprocation of pump piston   45  Referring
now also to FIGS. 8 and 9, a bypass 166 would have no pumping effect.
Therefore, flow  passageway system through pressure limiter body control
means are provided in passageways 384,   304 is shown. In FIGS. 8 and 9,
pressure limiter 386 and 388 for controlling fluid flow through this
housing 400, pressure limiter piston 418 and spring fluid path. Referring
now to FIGS. 5 and 6, the flow  426 are removed for clarity. As already
discussed, control means includes a visco-jet 392 disposed in  50  hole 406
through seat portion 404 of pressure passageway 388 and a one-way check
valve 394      limiter body 304 is in communication with pumping disposed
in each of passageways 384 and 386.     chamber 234, a portion of which is
defined by the Visco-jet 392 is a highly restricted orifice of a  annulus
between central bore 428 in pressure lim- kind known in the art which
allows very retarded  iter body 304 and pump mandrel 266. An offset fluid
movement upwardly through passageway 388.  55  bore 430 is provided
longitudinally in pressure lim- 



Any fluid flow through visco-jet 392 is so small over  iter body 304
adjacent central bore 428 to ensure a a short period of time as to have a
negligible effect  sufficiently large cross-sectional area of pumping upon
the efficiency of pump 10 when pump piston  chamber 234 at the longitudinal
area adjacent pres- 8    15                EP 0 266 036 B1
16 sure limiter assembly 398.                            Mandrel means 196'
includes a pressure limiter A pair of curvilinear slots 432, best shown in
mandrel 470 attached to diaphragm mandrel 464 at FIG. 9, are defined in
seat portion 404 of pressure  threaded connection 472. A seal 474 is
provided limiter body 304. Each of slots 432 is in commu-  between
diaphragm mandrel 464 and pressure lim- nication with a substantially
transversely oriented   5   iter mandrel 470. hole 434 extending angularly
therefrom. A plug 436   A pressure limiter piston means 475 is re- closes
off the outer end of each hole 434 and thus  ciprocably disposed in annulus
445 between case prevents communication between holes 434 and      means
54' and mandrel means 196'. Piston means well annulus 284. Openings 424 in
pressure limiter  475 includes a piston body 476 with an upper piston 418
and slots 432 in pressure limiter body  to  cylindrical end 477 in close
relationship to second 304 are adapted to be at least partially aligned at
bore 454 of upper pressure limiter case 446. A seal all times so that
constant fluid communication is  480 ensures sealing engagement between
upper provided between holes 434 and central cavity 408  end 477 of
pressure limiter piston body 476 and of pressure limiter housing 400.
upper pressure limiter case 446. An upper wiper Intersecting each
transverse hole 434 is a lon-  is  ring 482 and a lower wiper ring 484 are
provided gitudinally oriented hole 438 which extends upwar-  for wiping
piston body 476 clean of abrasives. dly from shoulder 440 in pressure
limiter body 304.  Pressure limiter piston body 476 defines a trans- Holes
434 are shown in hidden lines in FIGS. 2E   verse hole 486 therethrough.
and 7. Holes 438 open into an upper portion 442 of   When piston means 475
is in the uppermost outlet chamber 340. Thus, it will be seen that  20
position shown in FIG. 10A, upper face 488 of central cavity 408 of
pressure limiter housing 400  pressure limiter piston body 476 is engaged
with is in fluid communication with outlet chamber 340.  shoulder 490 in
upper pressure limiter case 446, Further, when pressure limiter piston 418
is moved  and hole 486 is substantially aligned with recess radially
outwardly from seat portion 404 of pressure  456. limiter body 304, pumping
chamber 234 is also in  25  The lower end of pressure limiter piston body
fluid communication with outlet chamber 340, and  476 is attached to
pressure limiter piston sleeve thus outlet check valve means 338 is
bypassed, as  492 at threaded connection 494. A seal 496 is more fully
described herein.                      provided therebetween. It will be
seen that pres- Referring now to FIGS. 10A through 10D, a     sure limiter
piston sleeve 492 provides an intake second pressure limiter embodiment is
shown and   30  screen mandrel for an intake screen 498 attached generally
designated by the numeral 11'. Pressure  thereto at welds 500 and 502.
Intake screen 498 is limiter 11' forms a lower portion of a pump which is
disposed annularly around pressure limiter piston identical to pump 10 from
diaphragm 226 up. Only  sleeve 492 and spaced radially outwardly there- the
portion of the pump adjacent diaphragm 226 is  from. Adjacent the upper end
of intake screen 498, shown in FIGS. 10A through 10D, including case   35
pressure limiter piston sleeve 492 defines a plural- means 54' and inner
lower mandrel means 196'      ity of transverse holes 504 therethrough.
which form an enclosure means in pressure limiter    Inlet check valve
means, generally designated 11'. Case means 54' and mandrel means 196' gen-
by the numeral 506, is provided for controlling erally define an annulus
445 therebetween.        flowing fluid through holes 504. Inlet check valve
Case means 54' includes an upper pressure  40  means 506 is substantially
similar to inlet check limiter case 446 attached to piston seal case 180 at
valve means 288 in the first embodiment, and threaded connection 448. A
seal 450 is provided   comprises a resilient valve portion 508 carried by a
therebetween. Upper pressure limiter case 446 de-  valve portion carrier
510. Valve portion 508 and fines a first bore 452, a second bore 454 and an
valve portion carrier 510 are annularly disposed annular recess 456 between
the first and second   45  between pressure limiter piston sleeve 492 and
bores. Annular recess 456 has a larger diameter   pressure limiter mandrel
470 and longitudinally im- than second bore 454. A pressure limiter case
458  mediately below pressure limiter piston body 476. is attached to the
lower end of upper pressure    A seal 512 is provided between valve portion
car- limiter case 446 at threaded connection 460. Refer-  rier 510 and
pressure limiter piston sleeve 492. ring also to FIG. 10B, pressure limiter
case 458   50  Valve portion 508 has resilient annular lip 514 defines at
least one transverse hole 462 thereth-  having a radially outer surface 516
sealingly en- rough.                                            gaged
against radially inner surface 518 of pres- In pressure limiter 11',
diaphragm limiter 218 is  sure limiter piston sleeve 492. Valve portion 508
is connected to diaphragm mandrel 464 at threaded    further configured
such that an annular space 520 



connection 466. Diaphragm mandrel 464 has a   55  is defined between valve
portion 508 and pressure plurality of outer splines 468 which are engaged
limiter piston sleeve 492. It will be seen that an- with inner splines 216
on diaphragm clamp 204 so  nular space 520 is in communication with holes
that relative rotation therebetween is prevented.  504. 9    17
EP 0 266 036 B1                   18 Inlet check valve means 506 is thus
preferably  valve holder 558 is annularly positioned around mounted on
piston means 475 for providing a more  pressure limiter mandrel 470 and
longitudinally lo- compact apparatus. However, inlet check valve     cated
at shoulder 560 thereon. A seal 562 is pro- means could be mounted
elsewhere between case     vided therebetween. Check valve holder 558 has a
means 54' and mandrel means 196'.             5   radially outwardly
extending flange 564 at the up- Referring now to FIG. 10C, the lower end of
per end thereof. A sleeve 566 is attached to flange pressure limiter case
458 is attached to the upper  564 at threaded connection 567 and extends
down- end of a lower pressure limiter case 522 of case  wardly therefrom.
means 54' at threaded connection 524. The lower      Disposed below flange
564 is an outlet check end of lower pressure limiter case 522 is con-  10
valve means, generally designated by the numeral nected to check valve case
526 at threaded con-   568. Outlet check valve means 568 preferably nection
528, and a seal 530 is provided there-    comprises a resilient valve
portion 570 carried by a between. Check valve case 526 defines a trans-
valve portion carrier 572. Valve portion 570 and verse exhaust test port
531 therethrough. Port 531  valve portion carrier 572 are annularly
positioned is plugged during normal operation.          15  around check
valve holder 558. Valve portion car- Referring now to FIGS. 10B and 1 OC,
pressure  rier 572 is adapted to be held in place by sleeve limiter piston
sleeve 492 defines a downwardly    566. A seal 574 provides sealing
engagement be- facing shoulder 532. An annular, ring-like spring  tween
valve portion carrier 572 and check valve seat 534 is positioned adjacent
shoulder 532 and  holder 558. Valve portion 570 has a resilient an- biased
thereagainst by inner pressure limiter spring   20  nular lip 576 having a
radially outer surface 578 536 and outer pressure limiter spring 538.
that is sealingly engaged against a radial surface Lower pressure limiter
case 522 has a shoulder  580 of check valve case 526. Valve portion 570 is
540 thereon, generally facing upwardly toward     further configured such
that an annular space 582 shoulder 532 on pressure limiter piston sleeve
492.  is defined between valve portion 570 and check Positioned between
shoulder 540 and the lower  25  valve holder 558 above annular lip 576.
ends of inner pressure limiter spring 536 and outer  In the preferred
second embodiment, outlet pressure limiter spring 538 are a plurality of
spring  check valve means 568 is substantially identical to spacers 542.
The number of spring spacers 542     inlet check valve means 506. In other
words, valve may vary for adjusting the preload provided by    portions 508
and 570 are substantially identical, inner pressure limiter spring 536 and
outer pres-  30  and valve carrier portions 510 and 572 are also sure
limiter spring 538 on piston means 475.      substantially identical. It
will be seen that threaded lower end 544 of    Referring to FIGS. 1 OA
through 1 OC, it will thus pressure limiter case 458 is longer than is
neces-  be seen that a generally annular pumping chamber sary to merely
provide threaded connection 524.   584 is defined on the inside by pressure
limiter This extra length allows easier assembly of pres-  35  mandrel 470
of mandrel means 196' and on the sure limiter case 458 with lower pressure
limiter  outside by case means 54' and piston means 475. case 522 without
the necessity of pre-compressing  Pumping chamber 584 is bounded
longitudinally by inner pressure limiter spring 536 and outer pres-
diaphragm 226 at the upper end thereof and outlet sure limiter spring 538.
check valve means 568 at the lower end thereof. A lower cylindrical end 546
of pressure limiter  40  Annular space 582 forms a lowermost portion of
piston sleeve 492 is in close relationship with bore  pumping chamber 584.
548 of lower pressure limiter case 522. A seal 550   Referring now to FIG.
10D, the lower end of provides sealing engagement between lower end
lower pressure limiter case 522 is attached to lower 546 of pressure
limiter piston sleeve 492 and lower  adaptor 586 and threaded connection
588. Lower pressure limiter case 522. An upper wiper ring 552   45  adaptor
586 thus forms the lower end of case and a lower wiper ring 554 are
provided for wiping  means 54'. A seal 590 is provided between lower piston
sleeve 492 clean of abrasives.            pressure limiter case 522 and
lower adapter 586. Upper end 477 of piston body 476 and lower     Lower
adapter has a threaded lower portion 592 end 546 of pressure limiter piston
sleeve 492 may  which is adapted for connection to the lower por- be
characterized as first cylindrical portion 477 and   50  tion of testing
string 12 in a manner known in the second cylindrical portion 546,
respectively, of pis-  art. ton means 475.
The lower end of pressure limiter mandrel 470 It will thus be seen that a
substantially annular  is connected to the upper end of.adapter mandrel 



inlet chamber 556 is sealingly defined between    592 at threaded
connection 594, and a seal 596 piston means 475 and case means 54. Commu-
55  provides sealing engagement therebetween. The nication is provided
between inlet chamber 556 and  lower end of adapter mandrel 593 is adapted
for well annulus 284 by holes 462.                    attachment to the
lower portion of testing string 12 At a position below piston means 475, a
check  in a manner known in the art.. 10    19                EP 0 266 036
B1                    20 Referring again to FIG. 10C, an outlet chamber
636 is adjacent recess 610. 598 is annularly defined between case means 54'
A pressure limiter piston sleeve 642 is con- and mandrel means 196' below
outlet check valve    nected to the lower end of pressure limiter piston
means 568. Outlet chamber 598 is in communica-     body 628 at threaded
connection 644. A seal 646 tion with the lower portion of testing string 12
5   is provided therebetween. Pressure limiter piston including upper
packer 32 and lower packer 34.    sleeve 642 provides an intake screen
mandrel for Referring now to FIGS. 11A through 11D, a      an intake screen
648 which is positioned annularly third embodiment of the pressure limiter
is shown  therearound and attached thereto by welds 650 and and generally
designated by the numeral 11". As   652. Intake screen 648 is spaced
radially outwardly with the second embodiment, the portion of the   10
from pressure limiter piston sleeve 642. Pressure pump above diaphragm 226
is substantially iden-    limiter piston sleeve 642 defines a plurality of
tical to pump 10 in the first embodiment. The area  transverse holes 654
therethrough adjacent the up- around diaphragm 226 is repeated in FIG. 11A
for   per end of intake screen 648. reference. Pressure limiter 11"
includes case         Inlet check valve means, generally designated means
54" and inner lower mandrel means 196"  15  by the numeral 656, is provided
for controlling fluid forming an enclosure means with an annulus 599
flow through holes 654. Inlet check valve means therein.
656 preferably comprises a resilient valve portion Case means 54" includes
an upper pressure      658 carried by a valve portion carrier 660. Valve
limiter case 600 connected to the lower end of     portion 658 and valve
portion carrier 660 are an- piston seal case 180 at threaded connection
602. A   20  nularly disposed between pressure limiter mandrel seal 604 is
provided therebetween. Upper pressure  622 and pressure limiter piston
sleeve 642 and limiter case 600 defines a first bore 606 and a
longitudinally immediately below pressure limiter second bore 608. An
annular recess 610 is dis-     piston body 628. A seal 662 is provided
between posed between first bore 606 and second bore       valve portion
carrier 660 and pressure limiter piston 608, and the diameter of recess 610
is greater than   25  sleeve 642. Valve portion 658 has a resilient an-
second bore 608.                                   nular lip 664 having a
radially outer surface 666 A pressure limiter case 612 is connected to
that is sealingly engaged against radially inner sur- upper pressure
limiter case 600 at threaded con-   face 668 of pressure limiter piston
sleeve 642. nection 614. Referring also to FIG. 11 B, pressure  Valve
portion 658 is further configured such that an limiter case 612 defines at
least one transverse   30  annular space 670 is defined between valve
portion hole 616 therethrough.                             658 and pressure
limiter piston sleeve 642. It will A diaphragm  mandrel 618 is positioned
an-     be seen that annular space 670 is in communica- nularly within
diaphragm clamp 204. A plurality of  tion with holes 654. outer splines 620
on diaphragm mandrel 618 en-        Referring now to FIGS. 11 B and 11 C,
the lower gage inner splines 216 on diaphragm clamp 204 to  35  end of
pressure limiter case 612 is connected to a prevent relative rotation
therebetween.           lower pressure limiter case 672 at threaded con-
Mandrel means 196" includes a pressure lim-    nection 674. iter mandrel
622 connected to diaphragm mandrel       A check valve case 674 is
connected to the 618 at threaded connection 624. A seal 626 pro-    lower
end of lower pressure limiter case 672 at vides sealing engagement
therebetween.        40  threaded connection 676. A seal 678 is provided A
pressure limiter piston means 627 is re-     therebetween. ciprocably
disposed in annulus 599 between case       A downwardly facing shoulder 680
on pressure means 54 and mandrel means 196". Piston means     limiter
piston sleeve 642 of piston means 627 is 627 includes a pressure limiter
piston body 628    engaged by a spring seat 682. A pressure limiter with an
upper cylindrical end 629 in close relation-  45  spring 684 engages a
shoulder 686 in case means ship to second bore 608 of upper pressure
limiter  54' which generally upwardly faces shoulder 680 case 600. A seal
630 provides sealing engagement   on pressure limiter piston sleeve 642. A
plurality of between upper end 629 of pressure limiter piston   spring
spacers 688 are provided between pressure body 628 and upper pressure
limiter case 600. An  limiter spring 684 and spring seat 682 for adjusting
upper wiper ring 632 and a lower wiper ring 634   50  the preload provided
by the spring on piston are provided for wiping piston body 628 clean of
means 627. abrasives. Pressure limiter piston body 628 defines   It will be
seen that threaded lower end 689 of 



a transverse hole 636 therethrough.                pressure limiter case
612 is longer than is neces- An upper face 638 on pressure limiter piston
sary to merely provide threaded connection 524. body 628 is adapted to
engage a shoulder 640 in  55  As with the second embodiment, this extra
length upper pressure limiter case 600 adjacent recess    allows easier
assembly of pressure limiter case 610 when piston means 627 is in the
uppermost      612 with lower pressure limiter case 672 without position
shown in FIG. 11A. In this position, hole  the necessity of pre-compressing
pressure limiter    21                EP 0 266 036 B1                   22
[err] 684.                                       adapter 736 at threaded
connection 738. A seal An intermediate cylindrical surface 690 of pres-
740 is provided therebetween. Case adapter 736 sure limiter piston sleeve
642 is in close relation-  defines an exhaust test port 742 transversely
there- ship with bore 692 of lower pressure limiter case  through. Port 742
is plugged during normal opera- 672. A seal 694 provides sealing engagement
be-   5   tion of the apparatus. tween outer surface 690 and bore 692. An
upper       The lower end of case adapter 736 is attached wiper ring 696
and a lower wiper ring 698 are    to lower adapter 744 at threaded
connection 746. A provided for wiping piston sleeves 642 clean of  seal 748
is provided therebetween. Lower adapter abrasives.
744 thus forms the lower end of case means 54". A lower cylindrical end 700
of pressure limiter  10  Lower adapter 744 has a threaded lower portion
piston sleeve 642 is in close relationship with bore  750 which is adapted
for connection to the lower 702 of check valve retainer 704. A seal 699
pro-  portion of testing string 12 in a manner known in vides sealing
engagement between outer surface   the art. 700 of pressure limiter sleeve
642 and bore 702 of   The lower end of pressure limiter mandrel 622 check
valve retainer 704. An upper wiper ring 701   15  is connected to adapter
mandrel 751 at threaded and a lower wiper ring 703 are provided for wiping
connection 752, and a seal 754 is provided there- piston sleeve 642 clean
of abrasives.            between. The lower end of adapter mandrel 751 is
Check valve retainer 704 is connected to check  adapted for attachment to
the lower portion of valve seat 706 at threaded connection 708. A seal
testing string 12 in a manner known in the art. 710 is provided
therebetween. A transverse hole  20  Referring again to 11C and 11D, an
outlet 711 is defined in check valve seat 706.              chamber 756 is
defined radially outwardly of outlet Upper end 629 of pressure limiter
piston body  check valve means 716 and inside of case means 628,
intermediate surface 690 of pressure limiter  54". Outlet chamber 756 is in
communication with piston sleeve 642 and lower end 700 of pressure  the
lower portion of testing string 12 including limiter piston sleeve 642 may
be characterized as  25  upper packer 32 and lower packer 34, just as with
first cylindrical portion 624, second cylindrical por-  the other
embodiments. tion 690 and third cylindrical portion 700, respec-  Pumping
chamber 201 and equalizing chamber tively, of piston means 627.
102 below equalizing piston 104 are precharged Referring now also to FIG.
11D, the lower end  with lubricating oil through holes 235 and 114, of
check valve seat 706 is connected to pressure  30  respectively, as already
described. As testing string limiter mandrel 622 at threaded connection
712,   12 is lowered into well bore 14, equalizing piston and a seal 714
provides sealing engagement there-  104 is preferably at the uppermost
position in between.                                         equalizing
chamber 102, as shown in FIG. 2B. Outlet check valve means, generally
designat-    Testing string 12 is lowered until upper packer ed by the
numeral 718, is provided for controlling  35  32 and lower packer 34 are
properly positioned on fluid flow through hole 711. Outlet check valve
opposite sides of formation 16. In this position, means 718 preferably
includes a resilient annular  upper adapter means 42 is spaced above case
valve portion 720 carried by a valve portion carrier  means 54, as
illustrated in FIGS. 2A and 2B. In 22. Valve portion carrier 722 is
disposed longitudi-  other words, splined portion 70 of torque mandrel
nally below check valve retainer 704 and annularly  40  60 is in contact
with shoulder 69 in torque case 50. between check valve seat 706 and check
valve         Drag springs 40 at the lower end of testing case 674. A seal
724 is provided between valve   string 12 help center the apparatus and
further portion carrier 722 and check valve seat 706. Valve  prevent
rotation of the lower portion of testing portion 720 includes a resilient
annular lip 726  string 12. Because case means 54 and lower man- having a
radially inner surface 728 which sealingly  45  drel means 196 are attached
to the lower portion of engages a radially outer surface 730 of check valve
testing string 12, and because the case means and seat 706. Valve portion
720 and check valve seat  lower mandrel means are prevented from mutual 706
are further adapted to define an annular space  rotation by inner spline
242 in splined upper pump 732 therebetween which is in communication with
breakoff 237 and outer spline 244 on diaphragm hole 711.
50  mandrel 198, case means 54 and lower mandrel It will be seen that a
generally annular pumping  means 196 are also prevented from rotation by
chamber 734 is defined between pressure limiter   drag springs 40. Thus, it
will be seen that by 



mandrel 622 of mandrel means 196" on the inside   rotation of tool string
18, the upper portion of and case means 54" and piston means 627 on the
testing string 12 including upper adapter means 42 outside. Annular space
732 forms a lowermost por-  55  and upper mandrel means 58 of pump 10 will
tion of pumping chamber 734.                     rotate with respect to
case means 54 and lower Referring now to FIG. 11D, the lower end of
mandrel means 196 of pump 10. check valve case 674 is connected to a case
As lower mandrel means 196 is rotated, pump 12    23                EP 0
266 036 B1                  24 cam 136 is rotated with respect to pump
piston   sure in pumping chamber 234. This increased 166. Of course,
rotation of pump piston 166 is   pressure causes annular lip 296 of inlet
check prevented by the interaction of splines 176 on the  valve means 288
to be sealingly closed, and an- pump piston with splines 178 in spline
piston case  nular lip 348 of outlet check valve means 338 is 142 of case
means 54. As pump cam  136 is   5   opened by fluid flow from pumping
chamber 234 rotated, cam roller 169 and cam follower pin 168  through hole
336 and annular space 354 for dis- will be moved cyclically between upper
portions  charge of the fluid from the pumping chamber into 158 and lower
portions 160 of cam slot 156, result-  outlet chamber 340. ing in
reciprocation of pump piston 166 within       The continuous pumping action
of pump piston piston chamber 201. Because cam slot 156 has  10  166 and
diaphragm 226 thus causes pumping of two upper portions 158 and two lower
portions 160,  fluid from well annulus 284 into outlet chamber 340 pump
piston 166 will be cycled twice for each    and from there downwardly
through the lower por- revolution of pump cam 136.
tion of testing string 12 to inflate upper packer 32 Downward movement of
piston 166 within pis-   and lower packet 34 into sealing engagement with
ton chamber 201 causes fluid movement in lower  15  well bore 14 adjacent
well formation 16. portion 202 of piston chamber 201 against dia-
Once upper packer 32 and lower packer 34 are phragm 226. Diaphragm 226 will
flex downwardly    properly inflated, testing of fluids in well formation
in response to this fluid movement, and thus there  16 may be carried out
in a manner known in the will be a corresponding fluid movement downwar-
art. Such fluids are carried upwardly through a dly in pumping chamber 234.
Although piston   20  central flow passageway in testing string 12 which
chamber 201 and pumping chamber 234 are          Includes central opening
444 of pump 10 and pres- sealingly separated by diaphragm 226, pumping
sure limiter 11. action will occur in pumping chamber 234 just as if  When
pump 10 is not in operation, such as pump piston 166 were in direct contact
with the  when testing string 12 is lowered into well bore 14 fluid
therein. Further, if diaphragm 226 is damaged   25  or removed therefrom, a
hydrostatic pressure dif- or leaks, wiper rings 188 and 192 act as back-ups
ferential between pumping chamber 234 and piston to the diaphragm by wiping
piston 166 and pump    chamber 201 across diaphragm 226 could cause a cam
136 free of abrasives so that pump 10 will still  rupture in the diaphragm.
This is prevented by an function. In such a case, the lubricating fluid in
interaction between equalizing piston 104 in equal- piston chamber 201 will
be lost, and pump piston   30  izing chamber 102 and visco-jet 392 and
check 166 will be in contact with, and directly pump   valves 394 in piston
166. against, well annulus fluid from pumping chamber     As already
indicated, equalizing piston 104 is 234 in a manner similar to pumps in the
prior art.  at the uppermost point in equalizing chamber 102 As pump piston
166 moves upwardly in piston   as testing string 12 is lowered into well
bore 14. chamber 201, one-way check valves 394 will allow   35  The
increased fluid pressure in well bore 14 fluid in upper 203 of piston
chamber 201 to bypass  causes a compression of the lubricating oil in
downwardly therethrough so that undesired pres-  equalizing chamber 102 and
piston chamber 201. sure is not built up in upper portion 203 of the  As
this occurs, equalizing piston 104 will move piston chamber. Thus, pump
piston 166 pumps on   downwardly in equalizing chamber 102. Well an- the
down stroke and bypasses on the up stroke of  40  nulus fluid will enter
the equalizing chamber above a reciprocation cycle.
piston 104 through opening 96 in piston cap 82. When pump piston 166 is
moved upwardly         Because of check valves 394, this increase in fluid
during a cycle, diaphragm 226 will correspondingly  pressure in equalizing
chamber 102, and thus up- move upwardly. This results in a lowering of
pres-  per portion 203 of piston chamber 201 will be sure in pumping
chamber 234 below the fluid pres-  45  communicated to lower portion 202 of
piston cham- sure in well annulus 284 which causes annular lip  ber 201.
Inlet check valve means 288 will open as 296 of inlet check valve means 288
to deflect     necessary to equalize the hydrostatic pressures in radially
inwardly. Well annulus fluid thus enters  pumping chamber 234 and well
annulus 284. Thus, pumping chamber 234 through hole 282, inlet
hydrostatic pressures on each side of diaphragm chamber 280, intake screen
272, hole 286 and   so  226 are equalized. annular space 302. At the same
time, fluid differen-  As testing string 12 is raised to test a shallower 



tial pressure across outlet check valve means 338  formation 16 or is
removed from well bore 14, the keeps annular lip 348 thereof sealingly
enclosed. In  hydrostatic fluid pressure in pumping chamber 234, other
words, fluid only enters pumping chamber   which will be basically well
annulus pressure, will 234 through inlet check valve means 228.     55  be
greater than the hydrostatic pressure in lower On the down stroke of pump
piston 166 in      portion 202 of piston chamber 201. Unless flow which
diaphragm 226 is correspondingly moved     control means is provided for
allowing some up- downwardly, there is a resulting increase in pres-  ward
movement of fluid past pump piston 166, 13    25                EP 0 266
036 B1                   26 diaphragm  226 could be ruptured. Visco-jet 392
11' shown in FIGS. 10A-10D, pumping occurs solves this problem  by allowing
retarded fluid   through inlet check valve means 506 and outlet movement
upwardly past piston 166 from lower      check valve means 568 in pumping
chamber 584 portion 202 to upper portion 203 of piston chamber  in the same
manner as the first embodiment. It will 201. Equalizing piston 104 will
respond accord-   5   be seen that an annular area is defined between
ingly. Thus, hydrostatic fluid pressure is again  first cylindrical portion
477 of piston means 475 equalized on both sides of diaphragm 226 which
and second cylindrical portion 546 of the piston eliminates the possibility
of rupture. The amount of  means. A study of FIGS. 10A-10D by those skilled
fluid flow through visco-jet 392 will be so retarded  in the art will show
that the fluid pressure in pump- as to be basically negligible during the
relatively  10  ing chamber 584 acts on this annular area on the rapid
movement of pump piston 166 during opera-   inside of piston means 475 and
well annulus pres- tion of pump 10.                                  sure
in inlet cavity 556 acts in an opposite direction During pumping operation,
it is desirable to   on the annular area on the outside of the piston limit
the pressure output by pump 10 so that over-  means. inflation of upper
packer 32 and lower packer 34 is  is  As the pressure in pumping chamber
584 is prevented. In the prior art, such pressure limitation  gradually
increased during a pumping cycle for has been typically provided by relief
valves which  inflating upper packer 32 and lower packer 34, bypass fluid
directly from the pumping chamber to  obviously the pumping chamber
pressure is in- the well annulus. In the first embodiment of pres-  creased
above the pressure in the well annulus. sure limiter 11 disclosed herein,
in which fluid is  20  When the differential between the pumping cham-
bypassed directly between the pumping chamber     ber pressure and the well
annulus pressure acting and the outlet chamber, and thus directly between
on the annular area exceeds the force acting up- the pumping chamber and
the lower portion of      wardly on piston means 475 by springs 536 and
testing string 12, does not vent to well annulus 284.  538, the piston
means will be actuated by moving This basically results in a greatly
increased volume   25  downwardly. Piston means 275 moves gradually as of
pumping chamber 234. This greatly reduces the  the pressure differential
increases. This gradual ratio of the volume of a stroke of pump piston 166
downward movement increases the volume in to the volume of the pumping
chamber. However,    pumping chamber 584. It will be seen by those even if
pressure limiter 11 becomes stuck in an   skilled in the art that piston
means 475 will move open position, packers 32 and 34 will remain in-  30
downwardly to a position at which the increase in flated because the fluid
from the pumping chamber  volume in pumping chamber 584 is approximately is
not bypassed directly to the well annulus. In  equal to the displacement
through one stroke of other words, the pumping system remains closed.
pump 10. On the upstroke of pump 10, piston In the first embodiment of
pressure limiter 11,  means 475 will return to its original, normal posi-
shown in FIGS. 2E and 7-9, when the differential  35  tion. On the next
stroke, the piston will reciprocate pressure between outlet chamber 340 and
well      again. In this way, outlet check valve means 568 is annulus 284
exceeds a predetermined level, pres-  rendered substantially inoperative,
and there will be sure limiter piston 418 will be moved to an open  no
further increase in pressure in pumping cham- position away from seat
portion 404 of pressure    ber 584, and thus no further increase in the
pres- limiter body 304, thus opening hole 406 and pro-  40  sure in upper
packer 32 or lower packer 34. viding communication between pumping chamber
As with the first embodiment, it is an important 234 and outlet chamber 340
through the fluid pas-  aspect of the second embodiment that no fluid in
sageway system hereinbefore described. As long    pumping chamber 584 is
vented to well annulus as fluid pressure in outlet chamber 340 is suffi-
284. Thus, packers 32 and 34 will remain inflated. ciently greater than the
fluid pressure in well an-  45  In the third embodiment of pressure limiter
11" nulus 284 to overcome the force of spring 426,    shown in FIGS. 11
A-11 D, the construction is similar pressure limiter piston 418 will remain
opened,   to that in the second embodiment as already de- effectively
bypassing outlet check valve means    scribed. Also, pumping action through
inlet check 338. A study of FIG. 7 will show that this fluid  valve means
656 and outlet check valve means differential pressure acts across the area
sealed by   50  718 in pumping chamber 734 is substantially the 



seal 420 in piston bore 412 of pressure limiter   same as already
described. housing 400. When the force of the pressure dif-     It will be
seen that an annular area is defined ferential across this area drops below
the force of  between first cylindrical portion 629 and third cylin- spring
426, piston 418 will move to its closed    drical portion 700 of piston
means 627 against position sealingly engaged against seat portion 404   55
which pressure in pumping chamber 734 acts of pressure limiter body 304,
thus again closing  downwardly on the inside of the piston means. pressure
limiter 11.                              Another annular area is defined
between first cylin- In the second embodiment of pressure limiter   drical
portion 629 and second cylindrical portion 14    27                 EP 0
266 036 B1                    28 690 of piston means 627 against which well
an-      18 and adapter means 42 will result in rotation of nulus fluid
pressure acts on the outside of the     case means 54 and the portion of
testing string 12 piston means. Finally, packer pressure in outlet    below
pump 10 and above safety joint 30. The chamber 756 acts on an annular area
between        torque applied by rotation in such a manner is second
cylindrical portion 690 and third cylindrical   5   generally sufficient to
index safety joint 30 which is portion 700 of piston means 627 on the
outside of   of a kind known in the art. the piston means. A study of FIGS.
11A-11D by those skilled in    Claims the art will show that when the pump
pressure and packer pressure are equal, as is substantially the   10  1. A
pressure limiter apparatus (11,11',11"), for case after a complete pumping
cycle, there is a net    use in a well testing string having a positive
annular area between first cylindrical portion 629     displacement pump
(10) including a fluid dis- and second cylindrical portion 690 of piston
means     placement element (166), said apparatus com- 627 against which
the differential between the         prising: enclosure means (54,196;
54',196'; pump pressure and pressure in well annulus 284   15    54",196")
in said well testing string having a downwardly acts. Thus, as with the
second em-          wall (266) defining  a  pumping  chamber bodiment,
piston means 627 will be actuated to         (234,584,734) adjacent said
pump and in pres- increase the volume of pumping chamber 734
sure transmitting communication with said fluid when the differential
between the pump pressure        displacement element; inlet valve  means
and well annulus pressure acting on the annular  20      (288,506,656)
associated with said enclosure area between first cylindrical portion 629
and sec-     means for controlling flow of fluid from a well ond
cylindrical portion 690 of piston means 627        annulus into said
pumping chamber; outlet exceeds the force acting upwardly on the piston
valve means (338,568,718) associated with means by spring 684.
said enclosure means for controlling flow of As with the second embodiment,
the move-  25        fluid from said pumping chamber to a lower ment of
piston means 627 will be gradual as the        well testing string portion;
and pressure limiting pressure increases. However, the fact that packer
means (398,475,627); characterised in that said pressure is acting upwardly
on piston means 627        enclosure means further includes a hole (406)
allows a spring with less force to be used than with   through the wall
thereof providing communica- the second embodiment. Thus, the additional
pres-  30  tion between said pumping chamber and said sure necessary to
move piston means 627 to the         lower testing string portion through
bypass fully open position is less. Also, the stroke of piston  passage
means (434,438) defining a flow path means 627 in the third embodiment is
less than the     bypassing said outlet valve means; and said stroke of
piston means 475 in the second embodi-       pressure limiter means
comprises a piston ment. Because of the shorter stroke, and because   35
(418) sealingly closing said hole to said by- less additional pressure is
required results in pres-  pass passage means when in a normal operat- sure
limiter 11" being actuated to the fully open      ing position and opening
said hole to said position much more quickly than second embodi-
bypass passage means when in an actuated ment 11'. Other than this
distinction, the third em-   position such that said pumping chamber and
bodiment of the pressure limiter 11 " functions in  40  said lower testing
string portion are in commu- substantially the same manner as second
embodi-        nication; and biasing means (426) for biasing ment 11'.
said piston toward said normal operating posi- Once testing of fluids in
well formation 16 is     tion. completed, upper packer 32 and lower packer
34 are deflated by actuating packer bypass 226. Such   45  2. A pressure
limiter apparatus (11,11',11"), for a packer bypass 226 is described in
co-pending         use in a well testing string having a positive
application docket number 86.113A1, a copy of          displacement pump
(10) including a fluid dis- which is incorporated herein by reference.
Other       placement element (166), said apparatus com- methods of
deflating packers 32 and 34 known in        prising: enclosure means
(54,196; 54',196'; 



the art may also be used, and pump 10 is not  50       54",196") in said
well testing string having a limited to any particular deflating method.
wall (266) defining  a  pumping  chamber When it is desired to have
rotation below pump      (234,584,734) adjacent said pump and in pres- 10,
such as to operate safety joint 30 in a situation  sure transmitting
communication with said fluid where the tool string is stuck, tool string
18 may be  displacement element; inlet valve  means lowered until lugs 71
on torque case 50 of upper  55   (288,506,656) associated with said
enclosure adapter means 42 engage lugs 98 on piston cap 82       means for
controlling flow of fluid from a well of case means 54. When lugs 71 and 98
are so           annulus into said pumping chamber; outlet engaged, it will
be seen that rotation of tool string  valve means (338,568,718) associated
with 15    27                EP02 66 036 B1                    28 690 of
piston means 627 against which well an-    18 and adapter means 42 will
result in rotation of nulus fluid pressure acts on the outside of the
case means 54 and the portion of testing string 12 piston means. Finally,
packer pressure in outlet  below pump 10 and above safety joint 30. The
chamber 756 acts on an annular area between       torque applied by
rotation in such a manner is second cylindrical portion 690 and third
cylindrical   5   generally sufficient to index safety joint 30 which is
portion 700 of piston means 627 on the outside of  of a kind known in the
art. the piston means. A study of FIGS. 11 A-11 D by those skilled in
Claims the art will show that when the pump pressure and packer pressure
are equal, as is substantially the   10  1. A pressure limiter apparatus
(11,11',11"), for case after a complete pumping cycle, there is a net   use
in a well testing string having a positive annular area between first
cylindrical portion 629    displacement pump (10) including a fluid dis-
and second cylindrical portion 690 of piston means    placement element
(166), said apparatus com- 627 against which the differential between the
prising: enclosure means (54,196; 54',196'; pump pressure and pressure in
well annulus 284   15   54",196") in said well testing string having a
downwardly acts. Thus, as with the second em-         wall (266) defining
a pumping  chamber bodiment, piston means 627 will be actuated to
(234,584,734) adjacent said pump and in pres- increase the volume of
pumping chamber 734            sure transmitting communication with said
fluid when the differential between the pump pressure       displacement
element; inlet valve  means and well annulus pressure acting on the annular
20  (288,506,656) associated with said enclosure area between first
cylindrical portion 629 and sec-   means for controlling flow of fluid from
a well ond cylindrical portion 690 of piston means 627       annulus into
said pumping chamber; outlet exceeds the force acting upwardly on the
piston       valve means (338,568,718) associated with means by spring 684.
said enclosure means for controlling flow of As with the second embodiment,
the move-  25      fluid from said pumping chamber to a lower ment of
piston means 627 will be gradual as the       well testing string portion;
and pressure limiting pressure increases. However, the fact that packer
means (398,475,627); characterised in that said pressure is acting upwardly
on piston means 627       enclosure means further includes a hole (406)
allows a spring with less force to be used than with  through the wall
thereof providing communica- the second embodiment. Thus, the additional
pres-  30  tion between said pumping chamber and said sure necessary to
move piston means 627 to the        lower testing string portion through
bypass fully open position is less. Also, the stroke of piston  passage
means (434,438) defining a flow path means 627 in the third embodiment is
less than the    bypassing said outlet valve means; and said stroke of
piston means 475 in the second embodi-      pressure limiter means
comprises a piston ment. Because of the shorter stroke, and because  35
(418) sealingly closing said hole to said by- less additional pressure is
required results in pres-  pass passage means when in a normal operat- sure
limiter 11" being actuated to the fully open     ing position and opening
said hole to said position much more quickly than second embodi-
bypass passage means when in an actuated ment 11'. Other than this
distinction, the third em-  position such that said pumping chamber and
bodiment of the pressure limiter 11" functions in  40  said lower testing
string portion are in commu- substantially the same manner as second
embodi-       nication; and biasing means (426) for biasing ment 11'.
said piston toward said normal operating posi- Once testing of fluids in
well formation 16 is    tion. completed, upper packer 32 and lower packer
34 are deflated by actuating packer bypass 226. Such   45  2. A pressure
limiter apparatus (11,11',11"), for a packer bypass 226 is described in
co-pending        use in a well testing string having a positive
application docket number 86.113A1, a copy of         displacement pump
(10) including a fluid dis- which is incorporated herein by reference.
Other      placement element (166), said apparatus com- 



methods of deflating packers 32 and 34 known in       prising: enclosure
means (54,196; 54',1 96'; the art may also be used, and pump 10 is not  50
54",196") in said well testing string having a limited to any particular
deflating method.           wall (266) defining  a  pumping  chamber When
it is desired to have rotation below pump    (234,584,734) adjacent said
pump and in pres- 10, such as to operate safety joint 30 in a situation
sure transmitting communication with said fluid where the tool string is
stuck, tool string 18 may be  displacement element; inlet valve means
lowered until lugs 71 on torque case 50 of upper  55  (288,506,656)
associated with said enclosure adapter means 42 engage lugs 98 on piston
cap 82      means for controlling flow of fluid from a well of case means
54. When lugs 71 and 98 are so          annulus into said pumping chamber;
outlet engaged, it will be seen that rotation of tool string  valve means
(338,568,718) associated with 15    29                 EP 0 286 036 B1
30 said enclosure means for controlling flow of         placement de
fluids, l'appareil comprenant une fluid from said pumping chamber to a
lower         enceinte (54, 196 ; 54', 196' ;541?, 196") for- well testing
string portion; and pressure limiting  m~e dans le train d'essai de puits
et ayant une means (398,475,627); characterised in that said    paroi (266)
d6limitant une chambre de pompa- pressure limiting means comprises: piston
5      ge (234, 584, 734) adjacente a la pompe et means (475,627)
reciprocably disposed in said      communiquant avec' I'46ment de
d6placement enclosure means and having a first portion         de fluids
pour la transmission de la pression, (477,629) and a second portion
(546,690) rela-     un clapet d'entrde (288, 506, 656) associ! a tively
smaller than said first portion such that   l'enceinte et destine a r6gler
I'dcoulement du an annular area is defined between said first  10  fluide
de l'anneau du puits vers la chambre de and second portions, said piston
means being       pompage, un clapet de. sortie (338, 568, 718) movable in
response to pumping action of said      associ6 a l'enceinte et destin4 &
regler l'Mcou- pump such that the volume of said pumping          lement du
fluids de la chambre de pompage chamber is increased by an amount approxi-
vers une partie infdrieure du train de tiges mately equal to a displacement
of said pump;  15   d'essai de puits, et un dispositif (398, 475, first
sealing means (480,630) for sealingly sep-   627) de limitation de
pression, caract~ris6 en arating said pumping chamber and said well
ce que l'enceinte comports en outre un trou annulus adjacent said first
portion of said pis-   (406) form4 dans sa paroi et assurant la com- ton
means; and  second  sealing  means            munication entre Ia chambre
do pompage et la (550,694) for sealingly separating said pump-  20
partie infdrieure du train de tiges d'essai par ing chamber from said well
annulus adjacent        un passage de derivation (434, 438) qui forms said
second portion of said piston means.          un trajet de circulation en
derivation par rap- port au clapet de sortie, et Is dispositif de 3.
Apparatus according to claim 1 or 2, wherein        limitation de pression
comprend un piston said pressure limiting means is disposed sub-   25
(418) destin6 & fermer de maniire Mtanche le stantially between said inlet
and outlet valve     trou vers le passage de d6rivation lorsqu'il est
means.                                             en position normals de
travail, et ouvrant le trou vers le passage de d6rivation lorsqu'il est 4.
Apparatus according to claim 2, further com-       en position activee,
afin que la chambre de prising biasing means (536,538) for biasing   30
pompage et la partie inferieure de train de said piston means toward a
position minimiz-       tiges d'essai soient en communication, et un ing
said volume of said pumping chamber.           dispositif (426) de rappel
du piston vers la position normale de travail. 5. Apparatus according to
claim 2 or 4, wherein said inlet valve means (506) is mounted on   35  2.
Appareil limiteur do pression (11, 11', 11") said piston means.
destin4 b Otre utilisW  dans un train de tiges d'essai ayant une pompe
volum6trique (10) 6. Apparatus according to claim 2,4 or 5, wherein
comportant un element (166) do d~placement said piston means includes a
third portion           de fluide, I'appareil comprenant une enceinte (700)
relatively smaller than said second por-  40  (54, 196 ; 54', 196' ; 54",
196") formde dans le tion such that another annular area is defined
train d'essal de puits et ayant une paroi (266) between said second (690)
and third portions       d6limitant une chambre de pompage (234, in
communication with said lower testing string    584, 734) adjacente A la
pompe et communi- portion; said second sealing means is further      quant
avec I'6lment de deplacement de fluids adapted for sealingly separating
said well an-  45  pour la transmission de la pression, un clapet nulus and
said lower testing string portion; and   d'entr~e (288, 506, 656) associd b
l'enceinte et said pressure limiting means further comprises     destine i
r6gler l'couloment .du fluids de l'an- 



third sealing means (699) for sealingly separat-   neau du puits vers la
chambre de pompage, ing said pumping chamber and said lower test-      un
clapet de sortie (338, 568, 718) associd a ing string portion adjacent said
third portion of  60  l'enceinte et destin6 & regler l'Mcoulement du said
piston means.                                 fluids de la chambre de
pompage vers une partie inf6rieure du train de tiges d'essai de
Revendicatlons                                         puits, et un
dispositif (398, 475, 627) de limita- tion de pression, caract&ris4 en ce
que le 1. Appareil limiteur de pression (11, 11', 11")   55   dispositif de
limitation de pression comprend destine d Otre utilis6 dans un train de
tiges      un piston (475, 627) dispose de manibre & Mtre d'essai de puits
ayant une pompo volumetri-        mobile en translation dans un sons et
dans quo (10) comportant un 6lment (166) de de-        I'autre dans
l'enceinte et ayant une premiere 16                        I C           S
31                EP 0 266 036 B1                    32 _     partie (477,
629) et une seconde partie (546,      Pumpkammer (234, 584, 734) bestimmt
und 690) plus petite que la premiere partie afin       mit dem
Fluidverdrfingungselement in druck- qu'une zone annulaire soit delimitee
entre la      Obertragender Verbindung steht; den Geh~use- premiere et la
seconde partie, le piston 6tant     mitteln zugeordnete Einlalventilmittel
(288, mobile lors de I'action de pompage de la pom-   6  506, 656) zur
Steuerung des Fluidstroms aus pe de maniere que le volume de la chambre
elnem Bohrungsringraum in die Pumpkammer; de pompage augmente d'une
quantite a peu           den Gehausemitteln zugeordnete Auslalventil- pres
6gale au deplacement de la pompe, un          mittel (338, 568, 718)
zur.Steuerung des Fluid- premier dispositif d'etancheite (480, 630) desti-
stroms aus der Pumpkammer zu einem unter- ne a separer de manibre etanche
la chambre  10     en Teil des Bohrungsprafstrangs; und Druck- de pompage
de l'anneau du puits pros de la         begrenzungsmittel (398, 475, 627),
premiere partie du piston, et un second dispo-     dadurch gekennzeichnet,
daB die Gehausemit- sitif d'etancheite (550, 694) destine a sparer    tel
femer ein Loch (406) in ihrer Wandung de maniere 6tanche la chambre de
pompage           enthalten zur Herstellung einer Verbindung de I'anneau du
puits pres de la seconde partie  i5  zwischen der Pumpkammer und dem
unteren du piston.                                         Teil des
PrUfstrangs durch Umgehungskanal- mittel (434, 438), die einen die
Auslalventilmit- 3  Appareil selon la revendication 1 ou 2, dans       tel
umgehenden Stromungsweg bestimmen, lequel le dispositif de limitation de
pression est  und daB die Druckbegrenzermittel einen Kol- plac6
sensiblement entre les clapets d'entree   20  ben (418), der das Loch zu
den Umgehungska- et de sortie.
nalmitteln in elner normalen Betriebsstellung abdichtend verschliefit, und
das Loch zu den 4. Appareil selon la revendication 2, comprenant
Umgehungskanalmitteln  in einer bet.tigten en outre un dispositif (536,
538) de rappel du     Stellung offnet, derart, daB die Pumpkammer piston
vers une position dans laquelle le volu-  25  und der untere Teil des
PrOfstrangs in Verbin- me de la chambre de pompage est rdduit au
dung stehen, und Vorspannmittel (426) zur minimum.
Vorspannung des Kolbens in die normale Be- triebsstellung aufweisen. 5.
Appareil selon la revendication 2 ou 4, dans lequel le clapet d'entree
(506) est monte sur le  3o  2. Druckbegrenzervorrichtung (11, 11', 11") zur
piston.                                            Verwendung in einem
Bohrungsprlfstrang mit einer Verdrfingerpumpe (10), die ein Fluidver- 6.
Appareil selon la revendication 2, 4 ou 5, dans    drfingungselement (166)
enthfilt, enthaltend lequel le piston comporte une troisieme partie
Gehausemittel (54, 196; 54, 196'; 54", 196") in (700) plus petite que la
seconde partie afin  3s   dem  Bohrungspr~fstrang mit einer Wandung qu'une
autre zone annulaire soit d~limitee en-     (266), die eine an die Pumpe
angrenzende tre la seconde (690) et la troisibme partie, en    Pumpkammer
(234, 584, 734) bestimmt und communication avec la partie inferieure du
mit dem Fluidverdrangungselement in druck- train de tiges d'essai, le
second dispositif      llbertragender Verbindung steht; den Gehause-
d'etanch6ite est en outre destin6 & separer de   40  mitteln zugeordnete
Einlalventilmittel (288, maniere 6tanche I'anneau du puits de la partie
506, 656) zur Steuerung des Fluidstroms aus inf6rieure de train de tiges
d'essai, et le dispo-  einem Bohrungsringraum in die Pumpkammer; sitif de
limitation de pression comporte en ou-    den Gehausemitteln zugeordnete
Auslalventil- tre un troisibme dispositif d'etancheite (699)     mittel
(338, 568, 718) zur Steuerung des Fluid- destine  i separer de maniere
Mtanche la  45       stroms aus der Pumpkammer zu einem unter- 



chambre de pompage de la partie inferieure du      en Teil des
BohrungsprUfstrangs; und Druck- train de tiges d'essai pres de la troisieme
begrenzungsmittel (398, 475, 627), partie du piston.
dadurch gekennzeichnet, daB die Druckbegren- zungsmittel in den
Gehausemittein hin- und PatentansprUche                               50
herbewegbar angeordnete Kolbenmittel (475, 627) mit einem ersten Teil (477,
629) und 1. Druckbegrenzervorrichtung (11, 1 1', 11") zur      einem
zweiten Teil (546, 690) aufweisen, der Verwendung in einem
Bohrungsprtfstrang mit         gegenUber dem ersten Teil kleiner ist,
derart, einer Verdrangerpumpe (10), die emn Fluidver-      daB zwischan den
ersten und zweiten Teilen drangungselement (166) enthait, enthaltend   55
eine Ringfilche bestimmt ist; daB die Kolben- Gehausemittel (54, 196; 54',
196'; 54", 196") in   mittel unter Ansprechen auf die Pumptatigkeit dem
Bohrungspr~fstrang mit eaner Wandung           der Pumpe bewegbar sind,
derart, daB das (266), die eine an die Pumpe angrenzende           Volumen
der Pumpkammer um einen Betrag 17                . ||sl l---- --II I--- -
---    33                EP 0 2668036 B1                    34
vergrollerbar ist, der der Verdrangung der Pumpe annahemd gleich ist; sowie
erste Dicht- miftel (480, 630) zur abdichtenden Trennung der Pumpkammer und
des Bohrungsringraums am ersten Tell der Kolbenmiffel und zweite   5
Dichtmittel (550, 694) zur abdichtenden Tren- nung der Pumpkammer vom
Bohrungsring- raum am zweiten Tell der Kolbenmittel. 3  Vorrichtung nach
Anspruch 1 oder 2, dadurch   10 gekennzeichnet, dab die Druckbegrenzungs-
mittel im wesentlichen zwischen den EinlaS- und Auslalventilmiffeln
angeordnet sind. 4. Vorrichtung nach Anspruch 2, ferner gekenn-   15
zeichnet durch Vorspannmittel (536, 538) zur Vorspannung der Kolbenmiffel
in eine Stellung, in der das Volumen der Pumpkammer minimal !st. 20 .5.
Vorrichtung nach Anspruch 2 oder 4, dadurch gekennzeichnet, daB die
Einlafventilmittel (506) an den Kolbenmitteln angebracht sind. 6.
Vorrichtung nach Anspruch 2, 4 oder 5, da-  25 durch gekennzeichnet, dal
die Kolbenmittel ei- nen dritten Tell (700) enthalten, der gegenlber dem
zweiten Tell kleiner lst, derart, daB eine weitere Ringflache zwischen den
zweiten (690) und driften Teilen bestimmt ist und in Verbin-  30 dung mit
dem unteren Tell des PrOfstrangs steht; daB die zweiten Dichtmittel ferner
zur abdichtenden  Trennung des Bohrungsring- raums und des unteren Tells
des PrUfstrangs eingerichtet sind; und daB die Druckbegren-  35 zungsmiftel
weiter drifte Dichtmiftel (699) zur abdichtenden Trennung der Pumpkammer
und des unteren Teils des Prlfstrangs am dritten Tell der Kolbenmittel
aufweisen. 40 45 50 55 18    


