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tools of the present invention are thus charac- terised by one-way relief
valve means disposed in The present invention relates generally to an-
said floating piston, for relieving liquid from said nulus pressure
responsive downhole tools utilizing  first zone to said second zone when
the pressure a compressible liquid spring.                  5   of said
compressible liquid in said first zone ex- The prior art includes a number
of downhole     ceeds the well annulus fluid pressure in said sec- tools,
such as flow tester valves and circulating   ond zone. valves, which are
designed to operate in response      In accordance with a feature of the
present to changes in pressure in a well annulus between a  invention, a
particular design for a downhole tool is tool string and a well casing.
Typically, these tools  10  provided using a compressible liquid spring
cham- include a differential area piston, which may gen-  ber, preferably
using silicone oil, which may be erally be referred to as a power piston,
having one  utilized to convert a typical prior art tool originally side
communicated with well annulus pressure arid   designed for use with a
compressible nitrogen having another side communicated with a com-
spring chamber to a compressible liquid spring pressible fluid spring
chamber. The compressible  15  chamber design. fluid spring chamber
typically has been filled with a  The invention thus includes a method of
sub- compressible gas such as nitrogen or a compress-   stituting a
compressible liquid spring for a corn- ible liquid such as silicone oil.
When well annulus  pressible gas spring in a downhole tool to make a
pressure is increased to move the power piston of  tool according to the
invention, said method com- the tool, the fluid in the spring chamber is
com-   20  prising the steps of: (a) modifying a downhole tool pressed.
Upon decreasing the well annulus pres-    constructed to operate by means
of a well annulus sure, the compressed fluid in the spring chamber
pressure responsive power piston acting against a expands to aid in
returning the power piston to its  compressible gas disposed in a spring
chamber, original position.                                  by increasing
the volume of the spring chamber; Examples of prior art tools utilizing
compress-  25  (b) substantially completely filling the spring cham- ible
nitrogen spring chambers are seen in our U.S.  ber with a volume of
compressible liquid so that patents nos. 4,422,506; 4,429,748; 4,489,786;
and  the liquid may be compressed by an amount equal 4,515,219. Two prior
art circulating valves utilizing  to a displacement of said power piston
upon opera- compressible silicone oil spring chambers are      tion of said
power piston. shown in our U.S. patents nos. 4,109,724 and   30      A
preferred tool of the invention is a flow tester 4,109,725. Two prior art
tester valves utilizing sili-  valve apparatus originally constructed to
operate on cone spring chambers are shown in our U.S. pat-     compressible
gas rather than compressible liquid in ents nos. 4,444,268 and 4,448,254.
said spring chamber, said spring chamber having a In U.S. patent no.
4,444,268, there is described  first chamber portion from said originally
construct- a downhole tool comprising a housing; a well an-  35  ed
apparatus sized to hold a volume of gas suffi- nulus pressure responsive
power piston means        cient to serve as a compressible gas spring for
slidably disposed in said housing and acting        said flow tester valve
apparatus; and said spring against a compressible liquid substantially com-
chamber includes an additional chamber portion pletely filling a spring
chamber of said housing,   sized such that said first chamber portion and
said said spring chamber containing a volume of said  40  additional
chamber portion in combination hold a compressible liquid large enough to
be com-        volume of compressible liquid sufficient to serve as pressed
by an amount equal to a sliding displace-   a compressible liquid spring
for said flow tester ment of said power piston means; a liquid-filled
valve apparatus. equalizing chamber defined in said housing and         In
order that the invention may be more fully communicated with said well
annulus; a restricted   45  understood, an embodiment thereof will now be
passageway communicating said spring chamber        described, by way of
example only, with reference and said equalizing chamber; a floating piston
dis-  to the accompanying drawing in which: posed in said equalizing
chamber and dividing said     FIGS. 1 A-1 H comprise an elevational view of
a equalizing chamber into a first zone and a second   downhole tool
embodying the present invention, zone, said first zone being substantially
completely  50   with the right side of the tool shown in section. filled
with said compressible liquid and said second   During the course of
drilling an oil well, the zone being substantially completely filled (in
use of  borehole is filled with a fluid known as drilling fluid the tool)
with well annulus fluid and in communica-  or drilling mud. One of the
purposes of this drilling tion with the exterior of said housing.
fluid is to contain in intersected formations any We have now found that it
is advantageous in  55  formation fluid which may be found therein. To
tools of this sort to provide a one-way relief valve  contain these
formation fluids, the drilling mud is to allow for expansion of the
compressible liquid   weighted with various additives so that the hydro-
upon heating as the tool is lowered into a well. The  static pressure of
the mud at the formation depth is 2   
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maintain the formation fluid within the  The inner and outer concentric
tubular assem- formation without allowing it to escape into the   blies 34
and 36, respectively, of lower spring borehole.
chamber housing section 32 are each made up of When it is desired to test
the production capa-  a plurality of interconnected elements. bilities of
the formation, a testing string is lowered   5  Inner tubular assembly 34
includes first, sec- into the borehole to the formation depth and the
ond, third and fourth Interconnected portions 48, formation fluid is
allowed to flow into the string in a  50, 52 and 54, respectively.
controlled testing program. Lower pressure is main-    Outer tubular
assembly 36 includes a first tained in the  interior of the testing string
as it is  housing section 56, a lower filler nipple 58 and a lowered into
the borehole. This is usually done by   10  second housing section 60.
keeping a valve in the closed position near the        Referring to FIG.
1A, a holder mandrel 62 has lower end of the testing string. When the
testing  its upper end threadedly connected to upper adapt- depth is
reached, a. packer is set to seal the      er 14 at threaded connection 64
with a seal being borehole thus closing  in the  formation from the
provided therebetween by O-ring 66. hydrostatic pressure of the drilling
fluid in the well  15  The valve housing section 16 has an upper annulus.
inner cylindrical surface 68 in which is closely The valve atthe lower end
of the testing string,  received a lower outer cylindrical surface 70 of
which is generally referred to as a tester valve, is  upper adapter 14 with
a seal being provided there- then opened and the formation fluid, free from
the  between by O-ring 72. restraining pressure of the drilling fluid, can
flow   20  The valve housing section 16 includes a plural- into the
interior of the testing string.          ity of radially inward extending
splines 74 which The testing string will include a number of     are meshed
with a plurality of radially outward tools, many of which may be
constructed to be       extending splines 76 of holder mandrel 62 to pre-
operated in response to changes in pressure within  vent relative rotation
therebetween. the well annulus.                              25      Holder
mandrel 62 includes a radially outward- Two tools which are typically
present in a test-  ly extending upward facing ledge 78 which is lo- ing
string, and which are often constructed to be  cated below and engages
lower ends 80 of the operated in response to changes in well annulus
radially inward extending splines 74 so that the pressure are those tools
commonly referred to as  valve housing section 16 is held longitudinally
fixed tester valves, and those tools which are commonly  30  relative to
the upper housing adapter 14 by means referred to as circulating valves.
of holder mandrel 62. A detailed description of the general makeup of
An upper annular valve seat 82 is received in a such a testing string as
utilized in an offshore   lower inner bore of holder mandrel 62 with a seal
environment, and indicating the location of tester  being provided
therebetween by O-ring 84. valves and circulating valves in such a string,
is  35  A spherical ball valve member 86 sealingly shown, for example, in
U. S. Patent No. 4,444,254  engages upper seat 82, and also sealingly
engages to Barrington, with regard to FIG. 1 thereof, the   a lower annular
seat 88. details of which are incorporated herein by refer-    Lower seat
88 is received within an upper inner ence.
bore of a lower seat holder mandrel 90 with a seal FIGS. 1A-1H of the
present application com-   40  being provided therebetween by O-ring 92.
prise an elevation, right-side sectioned view, of a   The lower seat holder
mandrel 90 is held in flow tester valve apparatus 10 of the type which
place relative to upper holder mandrel 62 by a C- may be used in such a
testing string as that just  clamp 94 which has upper and lower ends 96 and
described.                                         98 which are visible in
FIG. 1A. The valve apparatus 10 includes an outer hous-  45  A pair of
Belleville springs 100 bias the lower ing 12. The outer housing 12 itself
includes an     annular seat 88 against the spherical ball valve upper
housing adapter 14, a valve housing section   member 86. 16, a shear nipple
18, a power housing section 20,     The tester valve 10 has a longitudinal
flow a spring chamber connector nipple 22, an upper      passage 102
disposed therethrough. The ball valve spring chamber housing section 24
including con-  so   member 86 is shown in FIG. 1 A in a closed posi-
centric inner and outer tubular members 26 and 28,  tion closing the flow
passage 102. an upper filler nipple 30, a lower spring chamber      Ball
valve member 86 has a cylindrical ball housing section 32 including
concentric inner and  valve bore 104 disposed therethrough which can outer
tubular member assemblies 34 and 36, a        be aligned with the flow
passage 102 to place the spring chamber to equalizing chamber connector  55
tester valve 10 in an open position. nipple 38, an equalizing chamber
housing section       An actuating arm 106 having an actuating lug 40
including concentric inner and outer members     108 disposed thereon
engages an eccentric bore 42 and 44, and a lower housing adapter 46.
110 disposed through the side of ball valve mem- 3  



5               EP 0 221 713 B1                 6 ber 86 so that the ball
valve member 86 may be       An outer surface 166 of lower connector as-
[err] to an open position upon downward move-     sembly piece 142 is
closely and slidably received ment of actuating arm 106 relative to the
housing  within a bore 168 of valve housing section 16 with 12.
a sliding seal being provided therebetween by 0- Actually, there are two
such actuating arms 106   5   ring 170. with lugs 108 engaging two
eccentric, bores 110 in   A plurality of radially extending ports 172 are a
manner such as that illustrated and described in  disposed through top
power mandrel section 114 to detail in U. S. Patent No. 3,856,065 to Holden
et  prevent hydraulic lockup when the power mandrel al., and assigned to
the assignee of the present  means 112 moves the connector assembly 138.
invention.   .  .                            10      The valve housing
section 16 is threadedly A power mandrel means 112 includes a top
connected to shear nipple 18 at 174 with a seal power mandrel section 114
and a bottom power      being provided therebetween by 0-ring 176. mandrel
section 116 which are threadedly con-     Disposed in upper shear nipple 18
are one or nected together at 118, with a seal 119 ,being    more shear
pins 178 held in place by shear pin provided therebetween. Formed on the
bottom   15  holders 180 which are threaded into the upper power mandrel
section 116 is a power piston 120  shear nipple 18. which is received
within a cylindrical inner bore   Each of the shear pins 178 are initially
partly 122 of power housing section 20. A sliding seal  received within an
outer annular groove 182 of top means 124 seals between power piston 120
and     power mandrel section 114 so as to initially pin the [err] 122.
20  power mandrel means 112 in the position illus- Top. power mandrel
section 114 includes radi-  trated in the figures thus holding the ball
valve 86 ally outward extending splines 126 which mesh    in a closed
position. As is further explained below, with a plurality of radially
inward extending splines  upon applying an appropriate differential
pressure 128 of shear nipple 18 to prevent relative rotation  across the
power piston 120, the shear pins 178 therebetween.
25  will shear thus releasing the power mandrel means An intermediate
portion of top power mandrel  112 and allowing it to move the ball valve 86
to an section 114 is closely received within a bore 130 of  open position
with its bore 104 aligned with the shear nipple 18 and a seal is provided
there-  flow passage 102 of the tool 10. between by seals 132.
Upper shear nipple 18 is threadedly connected A power mandrel  cap 134 is
threadedly at-  30  to power housing section 20 at 184 with a seal tached
at 136 to the upper end  of top power    being provided therebetween by
O-ring 186. mandrel section 114...                               Disposed
through the wall of power housing A connector assembly 138 includes an
upper    section 20 above the seals 124 of power piston 120 connector piece
140 and a lower connector piece  are one or more power ports 188 for
communicat- 142 threadedly connected together at 144.    35  ing an upper
side 190 of power piston 120 with the The upper connector piece 140
includes a      well annulus exterior of the housing 12. groove 146 within
which is received a lip 148 of     As will be understood by those skilled
in the actuating arm 106 so that actuating arm 106 and   art, the power
piston 120 is actually defined as the [err] connector piece 140 move
together longitu-   annular area between an outside diameter defined
dinally within the housing 12.              40  by seal 124 engaging the
bore 122 and an inside The power mandrel cap 134 is held between
diameter defined by seal 206 engaging an outer upward and downward facing
surfaces 150 and 152   surface 202 of bottom power mandrel section 116. of
connector assembly 138 so that upon longitudi-  . A lower side 192 of power
piston 120 is com- nal movement of power mandrel means 112, the
municated with a spring chamber 194 defined with- connector assembly  138
moves longitudinally  45  in the housing 12. therewith which also moves the
actuating arms 106    The spring chamber 194 includes a first cham-
longitudinally therewith so as to operate the ball  ber portion 196 located
between power piston 120 valve 86.
and first spring chamber connector nipple 22, a The lower seat holder
mandrel 90 has a cylin-  second spring chamber portion 198 defined be-
drical outer surface 154 which is closely received   so  tween spring
chamber connector nipple 22 and within a bore 156 of upper connector
assembly.   upper filler nipple 30, and a third spring chamber piece 140
with a seal being provided therebetween  portion 200 longitudinally defined
between the up- by 0-ring 158.                                    per
filler nipple 30 and the spring chamber to Lower connector assembly piece
142 has an    equalizing chamber connector nipple 38. inner cylindrical
surface 160 of top power mandrel  55  First spring chamber portion 196 is
radially section 114 closely received within a bore 162    defined between
the bottom power mandrel section thereof with a seal being provided
therebetween by  116 and the power housing section 20. 0-ring 164.
An outer surface 202 of the lower portion of 4 



7                EP0221 713B1                       8 bottom power mandrel
section 116 is closely and   each constructed from a plurality of
interconnected slidably received within a bore 204 of spring cham-
members. ber connector nipple 22 with two longitudinally      The first
portion 48 of inner assembly 32 is spaced seals 206 and 208 being provided
there-    threadedly connected at 246 to upper filler nipple between.
5   30 with a seal being provided therebetween at 248. Power housing
section 20 is threadedly con-       First and second portions 48 and 50 of
inner nected to spring chamber connector nipple 22 at   assembly 34 are
threadedly connected together at 210 with a seal being provided
therebetween by    250 with a seal being provided therebetween at seal 212.
252. One or more relief holes 214 communicate the  10  An outer cylindrical
surface 254 of a lower end well annulus with an inner annular groove 216 of
of second portion 50 is closely received within a spring chamber connector
nipple 22 between the   bore 256 of third portion 52 with a seal being
seals 206 and 208 to prevent hydraulic lockup of  provided therebetween at
258. the power mandrel means 112 as It moves within       Third and fourth
portions 52 and 54 of inner the spring chamber connector nipple 22.      15
assembly 34 are threadedly connected together at The lower end of spring
chamber connector     260 with a seal being provided therebetween at nipple
22 is threadedly connected to inner member  262. 26 of upper spring chamber
housing section 24 at     An outer cylindrical surface 264 of fourth por-
threaded connection 218 with a seal being pro-    tion 54 of inner assembly
34 is closely received vided therebetween at 220.                   20
within a bore 266 of spring chamber to equalizing Outer concentric member
28 of upper spring   chamber connector nipple 38 with a seal being chamber
housing section 24 is threadedly con-     provided therebetween at 268.
nected at 222 to the lower end of spring chamber     With regard to the
outer assembly 36 of lower connector nipple 22 with a seal being provided
spring chamber housing section 32, the first hous- therebetween by seal
means 224.              25  ing section 56 thereof is threadedly connected
at A plurality of longitudinally extending ports 226  270 to upper filler
nipple 30 with a seal being are disposed through first spring chamber
connec-  provided therebetween at 272. tor nipple 22 to communicate the
first spring cham-  First housing section 56 is threadedly con- ber portion
196 and the second spring chamber     nected to lower filler nipple 58 at
threaded connec- portion 198.                                   30   tion
274 with a seal being provided therebetween The second spring chamber
portion 198 is      at 276. radially defined between the inner and outer
con-    Lower filler nipple 58 is threadedly connected centric members 26
and 28 of upper spring cham-   to second housing section 60 of the outer
assem- ber housing section 24.                           bly 36 at threaded
connection 278 with a seal An outer cylindrical surface 228 of inner con-
35  being provided therebetween at 280. centric member 26 is closely
received within a       Second housing section 60 is threadedly con- bore
230 of upper filler nipple 30 with a pair of  nected to spring chamber to
equalizing chamber seals being provided therebetween by seals 232
connector nipple 38 at threaded connection 282 and 234. Upper filler nipple
30 possesses a fluid fill  with a seal being provided therebetween at 284.
port and plug therein, not shown, such as are well  40  Lower filler nipple
58 has a fill port 286 dis- known in the art.
posed therethrough which is closed by a plug 288. A plurality of relief
holes 236 communicate an    Defined longitudinally between spring chamber
inner annular groove 238 of second spring cham-   to equalizing chamber
connector nipple 38 and ber connector nipple 30 with the well annulus.
lower adapter 46 is an equalizing chamber 290. The outer concentric member
28 of upper  45  The equalizing chamber 290 is radially defined as spring,
chamber housing section 241 is threadedly  the annular space between inner
and outer mem- connected to upper filler nipple 30 at 240 with a  bers 42
and 44 of equalizing chamber housing seal being provided therebetween by
seals 242.    section 40. A plurality of longitudinally extending ports 244
The inner member 42 is threadedly connected are disposed through upper
filler nipple 30 to com-  50  to spring chamber to equalizing chamber
connector municate second spring chamber portion 198 with  nipple 38 at
threaded connection 292 with a seal third spring chamber portion 200.
being provided therebetween at 294. The third spring chamber portion 200 is
radially  Outer tubular member 44 is threadedly con- defined between the
inner tubular assembly 34 and  nected to spring chamber to equalizing
chamber the outer tubular assembly 36 of the lower spring   55  connector
nipple 38 at threaded connection 296 chamber housing section 32. As
previously de-   with a seal being provided therebetween at 298. scribed,
the inner and outer assemblies 34 and 36   An outer cylindrical surface 300
of inner tubular of lower spring chamber housing section 32 are   member 42
is closely received within a bore 302 of 
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with a seal being pro-   equalizing chamber 290 exceeds the pressure in
vided therebetween at 304.                         spring chamber 194 by a
predetermined value, for Outer tubular  member 44   is  threadedly con-
example 400 psi (2.76 MPa). Pressure relief valve nected to lower housing
adapter 46  at threaded    323 does not permit flow in a downward direction
connection 305.                                5   through the pressurizing
passage 320. An equalizing port 306 is disposed through         The
depressurizing passage 322 includes up- outer tubular member  44  of
equalizing chamber     per filter 329, a flow restricter 330, a pressure
relief housing section 40 to communicate the equalizing  or check valve 331
and a lower filter 332. Check chamber 290 with the  well annulus exterior
of the  valve 331 allows downward flow but prevents up- housing 12.
-                           10   ward flow therethrough. Flow restricter
330 im- An annular floating piston 308 is received with-  pedes the flow of
fluid downward through depres- in the equalizing chamber 290 above the
equalizing  surizing passage 322 and provides a time delay in port 306 to
providea a barrier between well fluid   transmission of decreases in well
annulus pressure entering the equalizing port 306 and  oil or other  from
the equalizing chamber 290 to the spring clean fluid which  fills the
equalizing  chamber 290   15  chamber 194. as is further described below.
The spring chamber 194 and the equalizing A metering cartridge 310 is
disposed in the    chamber 290 are both preferably filled with silicone
upper end of equalizing chamber 290 and is close-  oil so that the entire
volume of silicone oil will ly received between the inner and outer tubular
extend from seal 124 on power piston 120 down to members 42 and 44 with
seals 312 and 314 seal-  20  the floating piston 308 seen in FIG. 1 H. ing
between the metering cartridge 310 and the        The spring chamber 194
must contain a vol- inner and outer members 42 and 44, respectively.    ume
of silicone oil large enough to be compressed Metering cartridge 310 is
held longitudinally in  by an amount equal to a displacement of the power
place between a lower end 316 of spring chamber    piston 120. That
displacement is equal to the dif- to equalizing chamber connector nipple 38
and a   25  ferential area between seals 124 and 206 multiplied radially
outwardly extending annular ledge 318 of    by the longitudinal stroke of
the piston 120 neces- inner tubular member 42 of equalizing chamber
sary to move the spherical valve member 86 from housing section 40.
its closed position to its open position. A pressurizing passage means 320
is disposed          One problem in tools utilizing a compressible
longitudinally through metering cartridge 310 to  30  liquid spring chamber
is that accommodation must communicate its upper and lower  ends 324 and
be  made for expansion or contraction of the com- 325. Metering cartridge
means 310  also includes a  pressible liquid due to temperature changes.
Par- depressurizing  passage means 322 which also     ticularly, as the
apparatus 10 is lowered into a well, communicates its upper and lower end
324 and                     temperatures will typically increase and the
silicone 325.                                          35  oil contained in
the spring chamber 194 and equal- The upper end 324 of metering cartridge
ization chamber 290 will expand. means 310 is communicated with the spring
cham-        Typical prior art tools utilizing compressible ber 194 by a
plurality of longitudinally extending  liquid spring chambers such as those
shown in U. [err] 326 which extend through the spring cham-    S. Patents
4,109,724; 4,109,725; 4,444,268; and ber to equalizing chamber connector
nipple 38.  40  4,448,254, all accommodate this expansion by al- The
purpose of the pressurizing passage      lowing a change in the total
volume of the cham- means 320 is to allow flow of fluid from the equaliz-
bers containing the liquid. However, sometimes the ing chamber 290 upward
through the metering        expansion of the liquid in excess of the
compres- cartridge 310 to the spring chamber 194 to thereby  sion thereof
caused by hydrostatic pressure in the transmit increases in well annulus
pressure to the   45  well annulus reaches and would exceed the total
spring chamber 194.                                available volume for
such expansion, but for the The pressurizing passage  eans 320 has dis-
confinement of the chambers. In such cases, the posed therein an upper
filter 321, a pressure relief  liquid reaches a higher pressure due to this
con- or check valve 323, a flow restricter 328 and a     finement, and
results in a higher operating pressure lower filter 327.
so  for the tool when annulus pressure is increased. The flow restricter
328 comprises a small ori-      The present invention provides a new and
im- fice jet which impedes the flow of fluid from equal-  proved method of
accommodating this excess vol- izing chamber 290 to spring chamber 194 so
as to  ume expansion of the compressible liquid. provide a time delay in
the transmission of in-       The present invention provides a relief valve
creases in well annulus pressure from the equaliz-  55   means 336 disposed
in the floating piston 308 for ing chamber 290 to the spring chamber 194.
relieving liquid from the equalizing chamber 290 to The pressure relief
valve 323 allows flow in an  the well annulus. This occurs as follows.
upward direction therethrough when the pressure in    The annular floating
piston 308 includes radi- 
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outer upper seals 338 and 340 which  that described in detail in U. S.
Patent No. closely engage the outer surface 300 of inner tubu-  4,448,254
for example, and will then be lowered lar member 42 and a cylindrical inner
surface 342  into a well with the various parts of the apparatus of outer
tubular member 44.                       10 in the positions illustrated in
FIGS. 1A-1 H. Floating piston 308 includes a relief passage   5  As the
apparatus 10 is lowered into the well, 344 which is comprised of a
plurality of vertically  and encounters higher temperatures, the silicone
extending bores 346, an inner annular groove 348,  oil contained within the
spring chamber 194 and a reduced diameter inner annular groove 350, a
the equalizing chamber 290 will expand, and sili- plurality of radially
extending ports 352, and a  cone oil will be allowed to flow out of the
equalizing radially outer tapered groove 354 which is inter-  10  chamber
290 through the relief passage 344 past sected by the radial ports 352.
resilient annular band 356 of relief valve means 336 The relief valve means
336 includes a resilient  when floating piston 308 is in its lowermost
posi- annular band 356 disposed in the tapered groove   tion. 354 such that
when the band 356 is in a con-          The shear pins 178 seen in FIG. 1 B
will initially stricted position it closes the radial ports 352.  is  aid
in maintaining the tester valve 10 in the closed The outer member 44 of
equalizing chamber      position with the spherical valve member 86 bloc-
housing section 40 includes an increased diameter  king the flow passage
102 as seen in FIG. 1A, and bore portion 358.
thus prevent premature opening of the tester valve When the floating piston
308 is in its lowermost  10 as the tool is run into the well. position with
its lower end abutting the upper end   20  Once the test string is in place
within a well, a of lower adapter 46, the resilient annular band 356
packer of the test string will typically be set within is adjacent this
enlarged internal diameter portion  the well casing at some point below the
tester 358 of outer tubular member 44 so that when the   valve 10.
Alternatively, the test string may be fluid pressure within equalizing
chamber 290 ex-  stabbed into a previously set packer, as is well ceeds
well annulus pressure, fluid will flow from the   25  known in the art.
equalizing chamber 290 through the relief passage     Then, to perform a
flow test on the well, it is 344 past the resilient annular band 356 into
direct  necessary to open the tester valve apparatus 10. contact with the
well annulus fluid which may enter  This is accomplished as follows. the
housing 12 through the equalizing port 306.       Well annulus pressure is
increased very rapidly If the silicone oil contained in spring chamber  30
and this increased pressure is immediately trans- 194 and equalizing
chamber 290 contracts due to   ferred to the top side 190 of power piston
120 hydrostatic pressure in the well annulus or due to  through the power
port 188, and this increased temperature decreases, or when fluid from
equaliz-  pressure is also substantially immediately trans- ing chamber 290
is pushed into spring chamber     ferred to the equalizing chamber 290
through the 194 due to an increase in well annulus pressure to  35
equalizing port 306. operate the tool, the floating piston 308 will move
The metering cartridge 310, and particularly upward within the equalizing
chamber 290 and the  the flow restricter 328 in the pressurizing passage
resilient annular band 356 will prevent flow of fluid  320 thereof, will
provide a time delay in transmis- through the relief passage 344, as the
annulus    sion of this increased well annulus pressure from pressure
forces it over the opening thereof. Radi-  40  the equalizing chamber 290
to the spring chamber ally inner and outer lower annular seals 360- and
194. Typically, this time delay is designed to be of 362 then engage and
seal against the inner and    the order of approximately two minutes. outer
tubular members 42 and 44, preventing fluid     Thus, when well annulus
pressure is rapidly flow past floating piston 308 and thus between the
increased, that pressure will be exerted on the top silicone oil and the
fluid in the well annulus.  45  side 190 of power piston 120 while the
lower side Thus it is seen that the relief passage 344 and  192 of power
piston 120 is still exposed to a the resilient annular band 356 of relief
valve means  relatively low pressure in the spring chamber 194. 336 will be
operational to permit fluid to flow from  This pressure differential acting
across the differen- the equalizing chamber 290 to the well annulus    tial
area between seals 124 and 206 will push only when the floating piston is
in its lowermost  so  downward on the power mandrel means 112 caus-
position within the equalizing chamber 290 as     ing the shear pins 178 to
shear and allowing the shown in FIG. 1 H.
power mandrel means 112 to move downward with- The floating piston 308 can
generally be de-   in the housing 12 thus pulling the actuating arms
scribed as dividing equalizing chamber 290 into an  106 downward and
rotating the ball valve 86 to an upper first zone above piston 308 and a
lower  55  open position wherein its bore 104 is aligned with second zone
below piston 308.                     the flow passage 102 of the apparatus
10. The tester valve apparatus 10 illustrated in      After this increased
well annulus pressure has 



FIGS. 1A-1 H is first made up in a testing string, like  been maintained
for a period of time greater than 7    13                 EP 0221713 B1
14 the time delay provided by the metering cartridge   paratus shown in the
present disclosure to that [err], the pressure within spring chamber 194
will     shown in FIGS. 2A-2G of the Beck '748 patent, the reach a value
approximately 400 psi (2.76 MPa)      upper portions of the tool shown in
the present less than well annulus pressure. This differential is
application, and particularly those portions shown created by the 400 psi
(2.76 MPa) relief valve 323   5   in FIGS. 1 A-1 C from the top adapter 12
down disposed in pressurizing passage 320.              through the first
spring chamber connector nipple Then, when it is desired to reclose the
tester  22, are substantially similar to the structure shown valve
apparatus 10, the well annulus  pressure is  in FIGS. 2A-2D of the Beck
'748 patent. rapidly decreased.  This decreased well annulus        The
overall differences in the tools are found in pressure will be immediately
transmitted to the top   10  the volume of the spring chamber, the
displace- side 190 of power piston 120.                     ment of the
power piston, and the jetting of the Due, however, to the fluid flow
restricter 330 in  metering cartridge. the depressurizing passage 322 of
metering car-       With regard to the changes in the spring cham- tridge
310, the pressure in spring chamber 194 will  ber volume, it is necessary
to greatly increase the not immediately decrease, and thus there will be
15  spring chamber volume in order for the tool to an upward pressure
differential acting upon the     operate based upon a compressible liquid
as com- power piston 120 which will move it  back to its   pared to a
compressible gas. original position as shown in  FIG  1 B thus moving    To
modify an apparatus like that shown  in the the ball valve member 86 back
to its closed posi-  Beck '748 patent, which is originally designed to
tion.                                            20  operate on compressed
gas, in order that such Again, after a period of  time exceeding the
apparatus will have a sufficient spring chamber time delay provided by the
fluid restricter 330 in  volume to operate on compressible liquid, it is
depressurizing passage means  322, the excess      necessary basically to
delete those portions of the pressure in spring  chamber. 194 will be
relieved   Beck '748 tool below its spring chamber connector through the
depressurizing passage 322 so that  25  nipple 258 and substitute therefor
those portions of eventually the pressure in the  spring chamber 194  the
present apparatus below the spring chamber again reaches well annulus
pressure.               connector nipple 22. Although not illustrated in
the present applica-   In the present invention, the volume of the first
tion, a number of  apparatus can be utilized to     chamber portion 196 and
the second chamber por- maintain the relative position of the power mandrel
30  tion 198 of spring chamber 194 is approximately means 112 to the
housing 12.                       equal to the volume of the spring chamber
in the For example, U. S. Patent No. 4,429,748 to     original tool
constructed to operate on compressed Beck, and assigned to the assignee of
the present  nitrogen. invention discloses  a similar structure designed
for  The present invention adds the additional use with a compressible
nitrogen,  gas chamber  35  chamber portion 200  to the spring chamber 194
to which includes as shown in FIG 2C thereof a       provide a sufficient
volume that the tool may op- resilient ring assembly 206 which positively
con-   erate by compressing silicone oil rather than by trols the fully
open and fuilly closed  positions of the  compressing nitrogen gas. [err]
valve.                                             Additionally, the tester
valve apparatus of the Another such device. is shown in U. S. Patent  40
present invention has been modified as compared No. 4,444,268 which  has  a
releasable holding     to a typical prior art nitrogen gas operating device
means 198 shown in  FIG. 2D thereof to control the  so as to decrease the
differential area of the power positive positioning of the power mandrel
means of  piston. This has been done to minimize the dis- that tool.
placement of the power piston and thus minimize The. particular
construction of the tester valve   45  the required volume of silicone oil.
10 shown in FIGS. 1A-1H, utilizing a liquid silicone  This has been
accomplished by providing a oil spring chamber, is one which can be made by
modified bottom power mandrel section 116 having modifying a typical prior
art compressible gas op-  a power piston 120 of reduced diameter, and by
erated tester valve of the type  presently utilized by  providing a
modified power housing section 20 the assignee of the present invention.
50  having a reduced diameter inner cylindrical surface A typical
construction for such a prior art tester  122. valve constructed originally
to operate with a com-   For example, in one modification of a typical
pressed gas spring  chamber is  shown in U. S.      prior art tool
originally designed for a compressed Patent No. 4,429,748 to Beck and
assigned to the   nitrogen gas spring, the effective differential area of
assigee of the pesent invention. Specifically, FIGS.  55  power piston 120
is reduced from 7.69 square 2A-2G of the Beck '748 patent disclose such a
inches (49.6 cm2) to 3.13 square inches (20.2 cm2). 



structure.                                          This particular tool
has a differential operating pres- As is apparent from a  comparison of the
ap-    sure of approximately 1500 psi (10.3 MPa) both 8    15
EP 0 221 713 B1                    16 before and after the modification of
the piston area.  This additional floating piston could be located
Additionally, when modifying a tool to operate   near the bottom of third
chamber portion 200 with on the compression of silicone oil rather than the
the spring chamber 194 above this additional float- compression of nitrogen
gas, it will be appreciated  ing piston being filled with silicone oil, and
with a that the transfer of, a given pressure change to   5   different
type of oil being located below the addi- silicone oil is accomplished with
a much smaller   tional floating piston. volume  compression of the
silicone oil as com-       Thus it will be understood that it is not
literally pared to the volume compression necessary to        necessary for
the entire spring chamber 194 to be transmit a given pressure change to
nitrogen gas.   filled with silicone oil, but it is only necessary that a
Thus, the amount  of silicone oil which must  10  sufficient volume of
silicone oil be provided to allow flow from the equalizing chamber 290
through the   the change in volume necessary to accommodate metering
cartridge 310  to the  spring  chamber 194,  the displacement of the power
piston 120. and in the reverse direction upon the decreasing of    Also, if
an additional floating piston were pro-.... well annulus pressure, is much
less with a tool     vided in the lower end of third chamber portion 200
designed for operation on compression of silicone   15  of spring chamber
194, it will be understood that oil as compared  to a tool designed for
operation on  the equalizing chamber 290 would still be in fluid
compression of nitrogen gas.                        pressure communication
with the spring chamber Thus, in order  to provide an equivalent time   194
although the fluid in equalizing chamber 190 delay in the communication of
changes in well       would not be in direct fluid contact with the
silicone annulus pressure to the spring chamber, it is nec-  20  oil in
spring chamber 194. essary to provide a greater restriction to fluid flow
Thus it is seen that the apparatus  and methods through the pressurizing
and depressurizing  pas-   of the present invention readily achieve the
ends sageways 320 and  322 of  the metering cartridge    and advantages
mentioned as well as those inher- 310. This is accomplished by providing
flow restric-  ent therein. While certain preferred embodiments ters 328
and 330 having a much smaller cross-  25  of the invention have been
illustrated and de- sectional area through the jets thereof as compared
scribed for purposes of the present disclosure to the restricters which
would be .used with a nitro-  numerous changes in  the arrangement  and
con- gen gas tool.                                      struction of parts
and steps may be made by those . Another change which will be apparent when
skilled in the art, which changes are encompassed comparing the tool of the
present invention to a   30   within the scope of the present claims.
device such as that shown in the Beck '748 patent, is that the present
apparatus does not necessarily  Claims have a floating piston located above
the metering cartridge means 310, whereas a tool operating on   1. A
downhole tool comprising a housing (12)  a the compression of nitrogen
gas:will have a floating   35  well annulus pressure responsive power:
piston piston located near the bottom of its spring cham-     means (120)
slidably disposed in said housing ber to provide.a boundary between
nitrogen gas in      and acting against a compressible liquid sub- the
spring chamber and liquid oil located below the    stantially completely
filling a spring chamber spring chamber (see  piston 210 in FIG. 2e of the
(194) of said housing, said spring chamber Beck '748 patent). It will be
appreciated that the   40  containing a volume of said compressible liq-
metering cartridge  310 is designed to meter oil       uid large enough to
be compressed by an flow therethrough, and not gas flow.
amount equal to a sliding displacement of said Thus, referring to the Beck
'748 patent, the        power piston means; a liquid-filled equalizing
floating piston 210 shown in FIG. 2e thereof is        chamber (290)
defined in said housing and normally deleted when converting such a tool
from   45  communicated  with said well annulus  a re- nitrogen gas
operation to silicone oil operation.      stricted passageway (320)
communicating said It is conceivable, however, that even in a tool
spring chamber and said equalizing  chamber; designed to operate on
compression of silicone oil,    a floating piston (308) disposed in said
equaliz- it may be desirable to provide an additional floating   ing
chamber and dividing said equalizing piston located above the metering
cartridge 310. If  50  chamber into a first zone and a second zone, such a
floating piston were provided in the appara-    said first zone being
substantially  completely tus shown in the present disclosure, it would be
filled with said compressible liquid and said located near the bottom of
the third chamber por-      second zone being substantially completely tion
200 seen in FIG. 1F.                              filled (in use of the
tool) with well annulus fluid An additional floating piston located above
the   55  and in communication with the exterior of said 



metering cartridge 310 is sometimes utilized when      housing;
characterised by one-way. relief valve it is desired to have some liquid
other than silicone  means (336) disposed  in said floating piston, oil
flowing through the metering cartridge 310.        for relieving liquid
from said first zone to said 9    15                EP 0 221 713 B1
16                 L before and after the modification of the piston area.
This additional floating piston could be located Additionally, when
modifying a tool to operate  near the bottom of third chamber portion 200
with on the compression of silicone oil rather than the  the spring chamber
194 above this additional float- compression of nitrogen gas, it will be
appreciated  ing piston being filled with silicone oil, and with a that the
transfer of a given pressure change to   5   different type of oil being
located below the addi- silicone oil is accomplished with a much smaller
tional floating piston. volume compression of the silicone oil as com-
Thus it will be understood that it is not literally pared to the volume
compression necessary to       necessary for the entire spring chamber 194
to be transmit a given pressure change to nitrogen gas.  filled with
silicone oil, but it is only necessary that a Thus, the amount of silicone
oil which must  10  sufficient volume of silicone oil be provided to allow
flow from the equalizing chamber 290 through the  the change in volume
necessary to accommodate metering cartridge 310 to the spring chamber 194,
the displacement of the power piston 120. and in the reverse direction upon
the decreasing of   Also, if an additional floating piston were pro- well
annulus pressure, is much less with a tool    vided in the lower end of
third chamber portion 200 designed for operation on compression of silicone
is  of spring chamber 194, it will be understood that oil as compared to a
tool designed for operation on  the equalizing chamber 290 would still be
in fluid compression of nitrogen gas.                       pressure
communication with the spring chamber Thus, in order to provide an
equivalent time    194 although the fluid in equalizing chamber 190 [err]
in the communication of changes in well      would not be in direct fluid
contact with the silicone annulus pressure to the spring chamber, it is
nec-  20  oil in spring chamber 194. essary to provide a greater
restriction to fluid flow  Thus it is seen that the apparatus and methods
through the pressurizing and depressurizing pas-   of the present invention
readily achieve the ends sageways 320 and 322 of the metering cartridge
and advantages mentioned as well as those inher- 310. This is accomplished
by providing flow restric-  ent therein. While certain preferred
embodiments ters 328 and 330 having a much smaller cross-  25  of the
invention have been illustrated and de- sectional area through the jets
thereof as compared  scribed for purposes of the present disclosure, to the
restricters which would be used with a nitro-  numerous changes in the
arrangement and con- gen gas tool.
struction of parts and steps may be made by those Another change which will
be apparent when     skilled in the art, which changes are encompassed
comparing the tool of the present invention to a   30  within the scope of
the present claims. device such as that shown in the Beck '748 patent, is
that the present apparatus does not necessarily  Claims have a floating
piston located above the metering cartridge means 310, whereas a tool
operating on   1. A downhole tool comprising a housing (12); a the
compression of nitrogen gas will have a floating   35  well annulus
pressure responsive power piston piston located near the bottom of its
spring cham-    means (120) slidably disposed in said housing ber to
provide a boundary between nitrogen gas in     and acting against a
compressible liquid sub- e spring chamber and liquid oil located below the
stantially completely filling a spring chamber spring chamber (see piston
210 in FIG. 2e of the      (194) of said housing, said spring chamber Beck
'748 patent). It will be appreciated that the   40  containing a volume of
said compressible liq- metering cartridge 310 is designed to meter oil
uid large enough to be compressed by an flow therethrough, and not gas
flow.                  amount equal to a sliding displacement of said Thus,
referring to the Beck '748 patent, the       power piston means; a
liquid-filled equalizing floating piston 210 shown in FIG. 2e thereof is
chamber (290) defined in said housing and normally deleted when converting
such a tool from   45  communicated with said well annulus; a re- nitrogen
gas operation to silicone oil operation.     stricted passageway (320)
communicating said It is conceivable, however, that even in a tool
spring chamber and said equalizing chamber; designed to operate on
compression of silicone oil,   a floating piston (308) disposed in said
equaliz- it may be desirable to provide an additional floating  ing chamber
and dividing said equalizing piston located above the metering cartridge
310. If  50  chamber into a first zone and a second zone, such a floating
piston were provided in the appara-   said first zone being substantially
completely tus shown in the present disclosure, it would be      filled
with said compressible liquid and said located near the bottom of the third
chamber por-     second zone being substantially completely tion 200 seen
in FIG. 1 F.                            filled (in use of the tool) with
well annulus fluid 



An additional floating piston located above the   55  and in communication
with the exterior of said metering cartridge 310 is sometimes utilized when
housing; characterised by one-way relief valve it is desired to have some
liquid other than silicone  means (336) disposed in said floating piston,
oil flowing through the metering cartridge 310.       for relieving liquid
from said first zone to said 9    17                 EP 0 221 713 B1
18 second zone when the pressure of said com-         ing section; the
floating piston means (308) are pressible liquid in said first zone exceeds
the    disposed in said equalizing chamber housing: well annulus fluid
pressure in said second         section  between  said  metering  cartridge
zone.                                               means and an equalizing
port (306), said 5       equalizing port being disposed through said 2.
Apparatus according to claim 1, which is a flow     outer tubular member of
said equalizing cham- tester valve, and wherein said housing has a
ber housing section; the spring chamber (194) flow passage (102)
therethrough, and a flow        is defined within said power housing
section valve means (86) disposed in the flow pas-          and includes
upper and lower spring chamber sage, the valve being connected with the
pow-   10  housing sections substantially completely filled er piston means
(120) for opening and closing      with compressible liquid. of the flow
passage in response to displace- ment of the piston in the housing in
response   6. Apparatus according to claim 5, wherein said to well annulus
pressure changes.                   outer tubular member (36) of said lower
spring 15      chamber housing section of said housing 3. Apparatus
according to claim 2, which is a flow     means includes  upper (56) and
lower (60) tu- tester valve apparatus originally constructed to    bular
portions interconnected by a lower filler operate on compressible gas
rather than corn-       nipple means (58), and wherein said upper and
pressible liquid in said spring chamber, said      lower filler nipple
means are for use in filling spring chamber having a chamber portion (196
20   the spring chamber with the compressible liq-. and 198) from said
originally constructed ap-       uid. paratus sized to hold  a volume of
gas sufficient to serve as a compressible gas spring for said  7. A method
of substituting a compressible liquid flow tester valve apparatus; and said
spring       spring for a compressible gas spring in a chamber includes an
additional chamber por-  25     downhole tool to make a tool according to
tion (200) sized such that said chamber portion    claim 1, said method
comprising the steps of: and said additional chamber portion in com-
(a) modifying a downhole tool constructed bination hold a volume of
compressible liquid        to operate by means of a well annulus pres-
sufficient to serve as a compressible liquid          sure responsive power
piston acting against spring for said flow tester valve apparatus.  30
a compressible gas disposed in a spring chamber, by increasing the volume
of the 4. Apparatus according to claim 1,2 or 3, wherein        spring
chamber; said compressible liquid is silicone oil.             (b)
substantially completely filling the spring chamber with a volume of
compressible liq- 5  A downhole tester valve apparatus  according   35
uid so that the liquid may be compressed to any of claims 1 to 4, wherein
the housing          by an amount equal to a displacement of (12) includes
in connected sequence: an upper         said power piston upon operation of
said adapter (14); a valve housing section (16); an        power piston.
upper nipple (18); a power housing section (20); a spring chamber connector
nipple (22);  40   Revendications an upper spring chamber housing section
(24) including concentric Inner (26) and outer (28)  1. Outil de fond de
trou compronant une envelop- tubular members; an upper filler nipple means
pe (12), un piston de puissance (120) r~agis- (30); a lower spring chamber
housing section      sant & la pression de l'annulaire de puits, dis- (32)
including concentric inner (34) and outer  45  pose de manibre coulissante
dans l'enveloppe (36) tubular members; a spring chamber to          et
agissant b l'encontre d'un liquide compres- equalizing chamber connector
nipple (38); an        sible remplissant pratiquement complbtement
equalizing chamber housing section (40) in-        une chambre de ressort
(194) de l'enveloppe, cluding concentric inner (42) and outer (44)
cette chambre de ressort contenant un volume tubular members; and a lower
adapter (46);  so     du liquide compressible qui est suffisamment and
wherein the apparatus further comprises        grand pour Otre comprim6
d'une valeur corres- flow valve means (86) disposed in said valve
pondant a un deplacement de coulissement du housing section; said power
piston means           piston de puissance, une chambre de compenm 



(120) is disposed in said power housing sec-        sation (290) remplie de
liquide, menag6e dans tion and connected with said flow valve means;  55
I'enveloppe et communiquant avec 1'annulaire metering cartridge means (310)
including said       de puits, un passage 6trangle (320), communi-
restricted passageway (320) and disposed in        quant avec la chambre de
ressort et la cham- an upper end of said equalizing chamber hous-       bre
de compensation, et un piston flottant 10    19            EP 0 221 713 B1
20 (308) dispose dans cette chan ibre de compen-       rieur (14), une
section de soupape (16) d'enve- sation et divisant -cette, dernie sri enune
premib-  loppe, un raccord superieur (18), une section re zone et une
seconde zone, la premiere zone       de puissance (20) denveloppe, un
raccord de etant pratiquement complete-iaent remplie du       liaison de
chambre de ressort (22), une section liquide compressible at la secunde
zone etant,   5  superieure de chambre de ressort (24) d'enve- en cours
d'utilisation de l'ou~i, pratiquement     loppe, comportant des  pieces
tubulaires completement remplie du iliditu d'annulaire de
concentriques interieure (26) et exterieure (28), puits et communiquant
avec i'.:dtrieur de l'en-     un raccord superieur de remplissage (30), une
veloppe, caracterise par une s .oupape de de-       section inferieure de
chambre de ressort (32) charge (336) de.-type unidir& o"nnel, disposee   10
d'enveloppe, comportant des pibces tubulaires dans le pistonaflottant et
peu 'sttant do faire     concentriques interieure (34) et exterieure (36),
passer du liquide de la pr io ;;re zone a la        un  raccord  de
jonction  chambre  de seconde zone Worsque la pression du liquide
ressort/chambre de compensation (38), une compressible: qui r dgne cans 'a
premlere zone      section de chambre de compensation (40) excede la
pression: du: fluiai. d'annulaire de   t5  d'enveloppe, comportant des
pieces tubulaires puits qui regne dons la second. zone.
concentriques int6rioure (42) et exterieure (44), et un adaptateur
inf6rieur (46), cette soupape 2. Outil de fond de pults suivant la
revendication     de tester de fond de puits comprenant en 1, qui consiste
en une soupape de tester et        outre un obturateur d'ecoulement (86)
dispos6 dans lequel l'eriveloppe: est traversee par un   20  dans la
section do soupape de lPenveloppe, le passage d'ecoulement (102), tandis
qu'une           piston de puissance (120) etant dispos6 dans soupape
d'ecoulement (86) est disposee dans         la section de puissance de
l'enveloppe et etant ce passage d'ecoulement, cotte soupape etant
relie a cot obturateur d'icoulement, une car- reliee au piston de puissance
(120) do fagon a      touche de dosage de debit (310) qui comporte ouvrir
et former ls passage d'coulement sous   25   ledit passage etrangIl (320)
et est dispos~e l'influence d.un d6placement du piston dans        dans une
extremite superieure de la section de l'enveloppe sous I'effet. de
.variations de la      chambre de compensation de l'enveloppe, tan-
pression de aiinnulaire de pus,.                    dis quo le piston
flottant (308) est dispos4 dans la section de chambre de compensation 3.
Outil de fond deopuits suivanv fa revendication   30  de 1'enveloppe entre
la cartouche de dosage 2, qui est constitu'. d'une .so.;ape de tester
de debit et un orifice de compensation (306), pour essai do production;
r6pfisee initialement     cot orifice de compensation etant menage a de
fagon  . foncdionner en; utiiisaant un gaz       travers la piece tubulaire
exterieure de la sec- compressible plutat qu'un -iqu :.e compressible
tion de chambre de compensation de I'enve- dans la chambre do ressort, c
l.te chambre de   35  loppe, et quo la chambre de ressort (194) est ressort
comportant une partie j; chambre (196       m6nagee dans la section de
puissance de et 198) provenant de la sou:ape. initialement
l'enveloppe et comprend des sections supe- realis6e et dimensionn6e de 'aon
d :contenir       rieure et inferieure de chambre de ressort de un volume
de gaz suffisai. pour servir de          l'enveloppe qui sont pratiquement
complete- ressort a gaz compressible pour cette soupape   40  ment remplies
de liquide compressible. de tester pour.essail de production, tandis quo
cette charnbre de ressort.co6mprend une partie  6. Soupape suivant la
revendication 5. dans la- de chambre iupp,1mentaire. (20) dimension-
quelle la piece tubulaire exterieure (36) de la nee de fagon teJle quo,
combinees, ladite par-      section infdrieure de chambre de ressort de tie
de. chambre :et cette. jartie de chambre  45    I'enveloppe comporte des
parties tubulaires supplementaire .contiennent un . volume de Ii-
superieure (56) et inferieure (60) r~unies entre quide compressible
suffisanl- pour servir de        elles par un raccord inferieur de
remplissage ressort a liquids compressible pour cette sou-      (58), et
dans laquelle les raccords supdrieur et pape do tester pour essi do
production.            inf6rieur de remplissage servont a remplir de SO
liquide compressible la chambre de ressort. 4. Outil de fond de puits
suivant lune quelconque des revendications t, 2 ou 3, dons lequel le    7.
Proc6d6 permettant de remplacer un ressort a 



liquide compressible est. iA l'huilede silicone.    gaz compressible par un
ressort a liquide compressible dans un outil de fond de puits de 5. Soupape
de toster de fond de puits suivant  55      fagon a realiser un outil
conforme a la revendi- I'une quelconque des revendications 1 a 4.
cation 1, ce procede comprenant les opera- dans laqueile l'enveloppe (12)
comprend, dans       tons consistant: cot ordre d'assemblage : un
adaptateur supe-          (a) a modifier un outil de fond de puits,    21
EP   0 221 713 B1                  22 r6alise de. fagon a fonctionner a
l'aide d'un   gen des Drucks im Bohrungsringraum mit den ,.     piston
do:.puissarice reagissant 6  la pres-     Antriebskolbenventilmitteln
(120) verbunden sion do l'annulaire' de puits et agissant a      sind.
1'encontreo d un :gaz compressible dispose dans une charnbre de ressort, en
augmen-   5   3. Vorrichtung nach Anspruch 2, dadurch gekenn- tant le
volume de cette'chambre de ressort,     zeichnot, daft sie eine
Durchfluf~prUfventilvor- et
richtung ist, die ursprOnglich mit einem kom- (b) a remplir pratiquement
complatement la      pressiblen Gas anstelle der kompressiblen chambre
deoressort d'un volume de liquide        FlOssigkeit in der Federkammer
betriebon wur- compressible, de fagon telle quo le liquide   10  de, daB
die Federkammer von der ursprUnglich puisse etre comprime d'une valeur
6gale a        konstruierten Vorrichtung ein Kammerteil (196 un certain
volume balaye par le piston de        und 198) enthalt, der so bemessen
ist, daB er puissance lors.d'un.fonctionnement de ce        ein Gasvolumen
enthalt, das ausreicht, um als piston.
kompressible Gasfeder far die Durchflulprtf- 15      ventilvorrichtung zu
dienen, und daB die Feder- PatentansprUche
kammer ein zusatzliches Kammerteil (200) ont- halt, das so bemessen ist,
daBl das Kammerteil 1. Bohrlochwerkzeug  enthaltend  ein Gehause
und das zusatzliche Kammerteil zusammen ein (12); auf den Druck irm
Ringraum der Bohrung       Volumen der kompressiblen FlOssigkeit enthal-
ansprechende Antriebskolbenmittel (120), die  20  ten, das ausreicht, um
als kompressible Flis- gleitbar in dem Geha'use angeordnet sind und
sigkeitsfeder fOr die DurchfluBprUfventilvorrich- auf eine kompressible
Flissigkeit einwirken,       tung zu dienen. die eine Federkammer (194) des
Gehauses im wesentlichen vollstindig.failt, wobei die Feder-  4.
Vorrichtung nach Anspruch 1, 2 oder 3, da- kammer ein Volumen dor
kompressiblen Flls-  25     durch gekennzeichnet, daRi die kompressible
sigkeit enthalt, das groD genug ist, damit die     Fl~ssigkeit Siliconol
ist. FlUssigkeit um einen BPetrag zusammenge- drickt wird, der einer
gleitenden Verschiebung  5. Eine Bohrlochprflfventilvorrichtung nach einem
der Antriebskolbenmittel gleich ist; eine flOssig-  der AnsprUche 1 bis 4,
dadurch gekennzeich- keitsgefillte Ausglelchskammer (290), die in  30
net, daB das Gehause (12) in verbundener dem Gehause bestimmt ist und mit
dem Boh-          Folge enthlit: einen oberen Adapter (14); einen
rungsringraum in Verbindung steht; ein Dros-       Ventilgehfuseabschnitt
(16); einen oberen Nip- selkanal (320), der die Federkammer und die
pal (18); oenen Antriebsgehauseabschnitt (20); Ausgleichskammer .
verbindet;  und   ein           einen Federkammerverbindernippel (22);
einen Schwimmkolben (308), der in der Ausglelchs-  s5    oberon
Federkammergehauseabschnitt (24) kammer angeordnet'ist und diese in eine
orste      mit konzentrischen inneren und auBeren Rohr- Zone, die im
wesentlichen vollstandig mit der      gliedem (26 bzw. 28); obere
F0llernippelmittel kompressiblen Fl~ssigkeit gefOllt ist, und eine    (30);
einen unteren Federkammorgehauseab- zweite Zone unterteilt, die im
wesentlichen        schnitt (32) mit konzentrischen inneren und vollstindig
mit Fluid aus dam Bohrungsring-  40    guleren Rohrgliedern (34 bzw. 36);
einen Ver- raum gefOlit ist und mit dem AuBeren des           bindernippel
(38) von der Federkammer zur Gehauses in Verbindung steht,
Ausgleichskammer; einen Ausgleichskammer- gehauseabschnitt (40) mit
konzentrischen inne- gekennzeichnet durch in dem Schwimmkolben          ren
und auleren Rohrgliedern (42 bzw. 44); angeordnete
Einweg-Entlastungsventilmittel  45   und einen unteren Adapter (46); daB
die Vor- (336) zur Abgabe von FlUssigkeit aus der er-       richtung ferner
in dem Ventilgehauseabschnitt sten Zone in die zweite Zone, wenn der Druck
angeordnete DurchfluBventilmittel (86) aufweist; der kompressiblen
FlOssigkeit in der ersten        daB die Antriebskolbenmittel (120) in dem
An- Zone den Druck des Fluids aus dem  Boh-
triebsgehluseabschnitt angeordnet und mit rungsringraum in der zweiten Zone
Ubersteigt.   50  den Durchflufiventilmitteln verbunden sind; daB
Zumelpatronenmittel (310) mit dam Drosselka- 2. Vorrichtung nach Anspruch
1, die ein Durch-         nal in einem oberen. Ende des Ausgleichskam- 



fluBprtfventil. ist, dadurch gekennzeichnet, daB   mergehauseabschnitts
angeordnet sind; dal das Gehfuse einen durchgehenden DurchfluB-         die
Schwimmkolbenmittel (308) in dom Aus- kanal (102) und darin angeordnete
DurchfluB-  ss   gleichskammergohauseabschnitt zwischen den ventilmittel
(86) enthfit, die zum Offnen und      Zumelpatronenmitteln und einer
Ausgleichs- Schlielen des Durchfluflkanals bei Verschie-       offnung
(306) angeordnet sind, die sich durch bung des Kolbons im Gehause auf
Anderun-           das iulere Rohrglied des Ausgleichskammer- 12    23
EP 0 221 713 B1                    24 gehauseabschnitts erstreckt; und daB
die in- nerhalb des Antriebsgehluseabschnitts be- stimmte Federkammer
untere und obere Fed- erkammergehguseabschnitte enthalt, die im
wesentlichen voilst~ndig mit der kompressiblen    5 Flissigkeit geftllt
sind. 6. Vorrichtung nach Anspruch 5, dadurch gekenn- zeichnet, daB das
auBere Rohrglied (36) des unteren  Federkammergehiuseabschnitts der  10
Gehlusemittel obere und untere Rohrteile (56 bzw. 60) enthait, die durch
untere FUllernippel- mittel (58) miteinander verbunden sind, und daB die
oberen und unteren FUllemippelmittel zum Gebrauch beim Fillen' der
Federkammer  t5 mit der kompressiblen Fl~ssigkeit bestimmt sind. 7.
Verfahren zum  Ersatz elner kompressiblen Gasfeder durch eine kompressible
FlOssig-  20 keitsfeder in einem Bohrlochwerkzeug zur Her- stellung eines
Werkzeugs nach Anspruch 1, gekennzeichnet durch die Schritte: (a) Ab~ndem
eines Bohrlochwerkzeugs, das zum Betrieb durch elnen auf den Bohrungs-  25
ringraumdruck ansprechenden Antriebskol- ben konstruiert ist, der auf ein
in einer Fed- erkammer angeordnetes kompressibles Gas einwirkt, durbh
Vergroliern des Volumens der Federkammer;                         30 (b) im
wesentlichen vollstandiges FUllen der Federkammer mit einem  Volumen einer
kompressiblen Flissigkeit, derart, daB die FlOssigkeit umr einen Betrag
komprimierbar ist, der im Betrieb des Antriebskolbens el-  35 ner
Verschiebung  des  Antriebskolbens gleich ist. 45 50 56 13    


