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structure are avoided. According to the present invention, there is The
present invention relates generally to ap-  provided a guide lug and slot
assembly for gulding paratus for guiding relative movement between first
inner and outer telescoping tubular members of a and second members, and
more particularly, but   5   downhole tool into a preselected axial
position rela- not by way of limitation, to downhole tools includ-  tive to
one another, characterised in that it further ing telescoping inner and
outer tubular members,   comprises: a first load lug comprising a substan-
relative movement between which is defined by a    tially annular shoulder
fixedly mounted on the radi- slot and lug means.
ally inner surface of said outer tubular member; In many downhole tools for
use in performing   10  and a second load lug fixedly mounted on the
various testing and treating operations and the like  radially outer
surface of said inner tubular member, on oil wells, it is desirable to
interconnect telescop-  said load lugs abuttingly engaging one another ing
inner and outer tubular members by a slot and  when said inner and outer
tubular members are lug means so that upon exertion of external forces
guided by said lug and slot assembly to said upon one of the inner and
outer tubular members,  15  preselected axial position, said annular
shoulder the motion of the one member relative to the other  including a
slot therein of a size sufficient to permit is defined by the permissible
movement of the lug  passage of said second load lug therethrough when
within the slot. Such slot configurations are gen-  said slot and said
second load lug are radially erally referred to as J-slots because they
very    aligned with one another. often have the shape of the letter "J",
even though   20  The invention also includes a downhole tool many of the
slots are very complex in their con-   comprising : first and second
telescoping tubular figurations.
members; motion control means operatively asso- One example of a prior art
slot and lug mocha-  ciated with said first and second telescoping mem-
nism is shown in U.S. Patent No. 4,355,685 to      bers for controlling
relative axial movement be- Beck, corresponding to the preamble of Indepen-
25  tween said first and second telescoping tubular dent claims and
assigned to the assignee of the    members, said motion control means
including a present invention. The slot or groove of Beck is   groove
disposed in one of said first and second shown in detail in Figures 2-4
thereof. Instead of  tubular members and a guide lug associated with the
usual machined lug, a ball 124 in Figure 1C Is  the other of said first
arid second telescoping tubu- biased Into the groove and thereby causes
relative   30  lar members, said guide lug being received in said movement
of the tubular members in accordance      groove, characterised in that It
further comprises with the groove pattem.                            first
and second abutment surfaces associated with Ball operated J-slots such as
those disclosed   said first and second telescoping tubular members, in
Beck transmit large forces through the ball be-  respectively, said first
abutment surface Including a tween the Inner and outer tubular members when
35  slot formed therein through which said second the ball abuts against -
an axial end of the slot,  abutment surface may pass when said second Such
forces may be generated through axial move-   abutment surface is radially
aligned therewith; ment of a drill string from which a tool having the
wherein said first and second tubular members, Beck J-slot is suspended or
may be generated by    said motion control means, and said first and sec-
having the Beck J-slot is suspended or may be   40  ond abutment surfaces
are so arranged and con- generated by application of several thousand
structed that when said guide lug is at an axially pounds per square inch
(1000psi = 6.89MPa) of      extreme position within a leg of said groove,
said pressure to the drill string or to the annulus be-  first abutment
surface supportingly engages said tween the drill string and the well bore.
Such large  second abutment surface to prevent said guide lug forces can
deform or destroy the ball and its asso-   45  from  exerting significant
axial forces on said ciated structure.
groove. U.S. Patent No. 3,823,773 to Nutter discloses a    The invention
further comprises a downhole slot, shown in Figure 3, having a lug 105,
also    tool comprising: first and second telescoping mem- shown in Figure
3 and in Figure 2B, received       bers; a guide lug fixedly mounted on one
of said therein. In a similar fashion to the ball operated J-  5o  first
and second telescoping members; a groove slot of Beck, the lug and its
associated structure  disposed in the other of said first and second are
subject to large forces which may be transmit-  telescoping members and
having said guide lug ted between the tubular members that are posi-
received therein, said groove having a substantially tioned by the lug and
slot device of Nutter. As in  axial leg which defines a preselected
relative axial Beck, such large forces adversely affect the lug  55
position of said first and second telescoping mem- and its associated
structure.                      bers when said guide lug approaches the end
of We have now devised an arrangement where-       said leg, characterised
in that it further comprises by large forces applied to the lug and
associated  first and second load lugs fixedly mounted on said 2    
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telescoping members, respective-     Referring now to the drawings and
particularly ly, said first and second load lugs being positioned  Figures
1 A-1F, a downhole tool constructed in ac- relative to said guide lug and
to said groove so as  cordance with the instant invention is indicated to
abuttingly engage one another when said first  generally at 10. and second
telescoping members are in said   5        Downhole tool 10 is a
recloseable circulation preselected relative axial position, said first
load lug  valve for use in oil well testing, which is a slightly comprising
an annular shoulder having a slot      modified version of the circulation
valve disclosed formed therethrough, said slot being of a size suffi-  and
claimed in U.S. Patent No. 4,355,685 to Beck cient for said second load lug
to pass therethrough  and assigned to the assignee of the present inven-
when said slot and said second load lug are radi-  10  tion. The particular
manner of operation of down- ally aligned.
hole tool 10 of the present invention is substantially In order that the
invention may be more fully  the same as that described in the Beck patent,
to understood, embodiments thereof will now be de-   which reference should
be made for further details. scribed by way of example only, with reference
to  Those portions of downhole tool 10 of the present the accompanying
drawings, wherein:          15  invention, other than the components
specifically Figures 1A-1F comprise a quarter section       related to the
force reducing assembly, will be elevational view of one embodiment of
downhole     described herein only in a brief fashion sufficient tool
incorporating an assembly of the present in-  that the improvement provided
by the force reduc- vention.                                          ing
assembly may be appreciated. Figure 2 is a section elevation right side
only  20  Downhole tool 10 includes a cylindrical housing view similar to
the view of Figure 1B with the tool  12 which is made up of an upper
housing adapter in a different configuration.                      14, an
upper Intermediate housing section 16 (such Figure 3 is a section elevation
right side only  including an abutment surface 17 on the lower end view
similar to the view of 1 B with the tool in  thereof), an indexing housing
section 18, a pas- another configuration.                        25
sageway housing section 20, a nitrogen chamber Figure 4 is a section
elevation right side only  housing 22, a lower intermediate housing section
view similar to Figure 1 B with the tool in yet   24, an oil chamber
housing 26 and a lower housing another configuration.
adapter 28. Figure 5 is a cross-sectional view of the tool    Cylindrical
housing 12 includes a longitudinal shown in Figures 1A-1F in still another
configura-  30  passageway 29 disposed therethrough, said pas- tion.
sageway 29 being comprised of the various internal Figure 6 is an
elevational view of a cylindrical  surfaces of the components of
cylindrical housing sleeve Including a groove in the outer surface    12
just described. thereof.                                              Upper
housing adapter 14 includes a circula- Figure 7 is a cross-sectional view
taken along   35  tion port 30 disposed through a side wall thereof. A
lines 7-7 in Figure 6.                            circulation valve cover
sleeve 32 is closely re- Figure 8 is a laid-out view of the sleeve of
ceived within an inner bore 34 of upper housing Figure 6 showing the
appearance of the sleeve as  adapter 14 and Is moveable between a first
closed if it had been cut along its length at one side and  position, as
shown in Figure 1A closing circulation then rolled out flat into a
rectangular shape. Lines  40  port 30. When circulation valve cover sleeve
32 is 1B-1B, 2-2, 3-3, and 4-4 indicate the location of the  In Its open
position it Is displaced upwardly relative section through which the sleeve
is seen In Figures  to upper adapter 14 from the position shown in 1B, 2,
3, and 4, respectively.                    Figure 1A. Figures 9A-F comprise
an elevational quarter      Circulation valve cover sleeve 32 is connected
section view showing a downhole tool incorporating   45  to a circulation
valve opening mandrel 36 which a second embodiment of the assembly of the
has a port 38 disposed therein for communication present invention.
with the circulation port 30 when the circulation Figure 10 is a
cross-sectional view taken along  valve cover sleeve 32 is moved upwardly
to its lines 10-10 in Figure 9E.                         open position.
Connected to the lower end of cir- Figure 11 is a cross-sectional view
taken along   50  culation valve opening mandrel 36 is a lower cir- 11-11
In Figure 9E.                              culation valve sleeve 40. Figure
12 is a laid-out view of a portion of the  A circulation valve operating
mandrel 42 is indexing sleeve of Figure 9E showing the appear-  closely
received within an inner cylindrical surface ance of the sleeve as If it
had been cut along Its  44 of upper Intermediate housing section 16. An
length at one side and then rolled out flat Into a   55  operating collar
46 Is threadedly attached to the rectangular shape. The line 9E-9E
indicates the   upper end of circulation valve operating mandrel 42
location of the section through the sleeve which is  at threaded connection
48. Operating collar 46 has seen in Figure 9E.
a greater outer diameter than does operating man- 3    
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downward facing  lar sleeve 74 Is received within intermediate hous-
surfaces 50, 52. respectively.                   ing section 24 as shown in
Figure 1 E. A flow Longitudinal movement of operating mandrel
restriction apparatus or metering cartridge 76, to be 42 and operating
collar 46 relative to circulation  described more fully hereinafter, is
received be- valve opening mandrel 36 and lower circulation   5   neath the
lower end of housing 24 and is con- valve sleeve 40 is limited by
engagement of sur-  nected via threads 77 to the upper end of a tubular
face 50 with a downward facing surface 54 of     member 79. circulation
valve opening mandrel 36 and by en-      Defined between upper inner
tubular sleeve 72 gagement of surface 52 with an upward facing     and
nitrogen chamber housing 22 of housing 12 is surface 56 of lower
circulation valve sleeve 40.  io  an annular nitrogen chamber 78. It can be
seen that a certain amount of longitu-  Defined between lower tubular
sleeve 79 and dinal movement of operating mandrel 42 may oc-   oil chamber
housing 26 of housing 12 is an annular cur prior to engagement of either of
the surfaces  oil chamber 80. 50 or 52 with respective surfaces 54 and 56.
Upon    Disposed in nitrogen chamber 78 is a first engagement of surface 50
with surface 54 when  15  floating piston 82 which separates nitrogen in
nitro- operating mandrel 42 is moving upward relative to  gen chamber 78
from oil in oil chamber 80, and cylindrical housing 12, the circulation
valve opening  which transfers pressure therebetween. mandrel 36 Is then
moved upward with operating       Located in oil chamber 80 Is a second
floating mandrel 42 to move circulation valve cover sleeve  piston 84 which
separates oil in oil chamber 80 32 to its open position.
2o  from annulus fluid communicated with the lower Upon downward movement
of operating man-      side of second floating piston 84 through a port 86
drel 42, when surface 52 engages surface 56,     through the side of oil
chamber housing 26. further downward movement of operating mandrel
Nitrogen chamber 78 is communicated with 42 moves circulation valve opening
mandrel 36    annular space 70 through a passageway 88 dis- downward so
that circulation valve cover sleeve 32   25  posed longitudinally through
the wall of passage- is moved to its closed position.                 way
housing section 20. Referring now to Figure 1 B, the lower end of    The
lower end of first floating piston 82 is circulation valve operating
mandrel 42 is threadably  communicated with oil chamber 80 through an an-
connected to a piston mandrel 58 at threaded     nular space 90 defined
between lower inner tubular connection 60. Piston mandrel 58 includes an
an-  3o  sleeve 74 and nitrogen chamber housing 22, and nular power piston
61 formed on the upper end    an annular clearance 94 between housing
section thereof which is closely received within an inner  24 and lower
inner tubular sleeve 74. and through cylindrical surface 62 of indexing
section housing  metering cartridge 76. 18. Power piston 61 includes an
upward-facing or     Annulus fluid is communicated with the upper abutment
surface 63. A lug and slot type indexing   35  end of power piston 61
through a power port 98 section or guide means generally designed by the
through the side wall of indexing housing section numeral 64 is connected
between piston mandrel   18. 58 and indexing housing section 18 of housing
12     Metering cartridge 76 permits flow of oil be- to define the
permissible relative movement be-  tween chamber 80 and annular clearance
94, but tween piston mandrel 58 and the components at-  40  only at a
relatively slow rate, even in response to a tached thereto relative to the
cylindrical housing  large Increase or decrease in pressure chamber 12. The
indexing section Includes an indexing    80. Thus, the metering cartridge
serves as a time sleeve 65 which is closely received over mandrel  delay in
communicating pressure increases and 58. Indexing section 64 is described
in more detail  decreases from oil chamber 80 to nitrogen cham- below after
completion of the general description of  45  ber 78. downhole tool 10.
Referring once again to the indexing section A lower end 66 of piston
mandrel 58 is closely  generally designated by the numeral 64 in Figures
received within an inner cylindrical surface 68 of  1B and 1C, indexing
sleeve 65 is disposed about passageway housing section 20.
piston mandrel 58 and retained In place thereon by An annular space 70 is
defined between sleeve  50  means of a retaining collar 106 and thrust
washers 65 and cylindrical housing 12 and is communicated  as shown which
permit sleeve 65 to rotate relative with a lower end or abutment surface 71
of power  to piston mandrel 58. piston 61.
Referring now to Figures 6, 7, and 8, indexing Connected to an internally
threaded lower end  sleeve 65 has disposed in Its outer cylindrical of
passageway housing section 20 Is an upper  55  surface 110 a continuous
groove or slot 112. inner tubular sleeve 72. Attached to the lower end
Groove 112 includes an upper repeating zig-zag of sleeve 72, as seen in
Figure 1 D is a lower inner  portion 116 for rotating sleeve 65
counter-clockwise tubular sleeve 74. A lower end of lower inner tubu-  as
viewed from above upon reciprocation of piston 4    



7                 EP 0 222 620 B1                        8 mandrel 58
relative to housing 12.                and decreasing the pressure in the
annulus be- Groove 112 includes a lower repeating zig-zag  tween the drill
string and the well bore hole. An- portion 118 for rotating sleeve 65 In a
clockwise  nulus pressure is communicated with the upper direction as
viewed from above upon reciprocation  end of power piston 61 through power
port 98. of piston mandrel 58 relative to housing 12.  5   Exerted on lower
surface 71 of power piston 61 is Slot 112 further includes first and second
verti-  the pressure of nitrogen gas contained in nitrogen cal groove
portions 120, 122 for joining upper por-  chamber 78. When annulus pressure
is applied, the tion  116 to lower portion 118 as shown.          pressure
of nitrogen gas within nitrogen chamber Groove 116 includes therein a
plurality of up-  78 is initially at a lower pressure than that of the per
portions, like upper portions 124, 126, 128. As   1o  annulus due to the
action of metering cartridge 76. can best be seen In Figure 7, groove  116
has a   The oil in oil chamber 80 is maintained at a pres- semi-circular
cross section. Each of the upper por-  sure equal to the annulus pressure
by means of tions Includes an upper surface, like upper surface  second
floating piston 84, the lower end of which Is 130 in upper portion 128.
communicated with annulus fluid through port 86. Groove 1 16 includes a
plurality of lower por-  15  Upon repeated increasing and decreasing of
tions, like lower portions 132, 134, 136, and each of  the annulus
pressure, power piston 61 is caused to the lower portions Includes a lower
surface, like  reciprocate relative to housing 12 of downhole tool lower
surface 138 In lower portion 136. In a similar  10. This reciprocation
causes ball 148 to move fashion, groove 118 includes a plurality of upper
through groove 112. portions, like portion 140 and a plurality of lower  20
At the surface of the bore, the tool is placed in portions like portion
142, with upper portion 140  the condition shown in Figures 1A-1D. That is,
having an upper surface 144 and a lower portion    power mandrel 58 is
supported by shoulder 154. 142 having a lower surface 146.
More specifically, upper abutment surface 156 of Turning back again to
Figure 1 B, indexing sec-  the shoulder abuts against surface 71 on the
lower tion 64 Includes therein a ball 148, such being held  25  side of
annulur piston 61 of the power mandrel. by indexing housing section 18 and
being biased   After the tool is so positioned, chamber 78 is into groove
112. For a more detailed description of  charged with nitrogen which as
will be recalled the structure of indexing section 64, attention Is
communicates with the lower side of annulur piston directed to the
previously-mentioned Beck patent   61 thereby urging the piston upwardly to
the posi- which description is incorporated herein by refer-  30  tion
shown in Figure 2. Abutment surface 164 of ence. Indicated generally at 150
is a force reducing  lug 160 abuts against surface 158 of collar 154
assembly constructed in accordance with the In-   thereby preventing
further upward movement. stant invention. Included therein is an annular
When the tool is in the position of Figure 1 B, shoulder 152 formed on the
radially inner surface  ball 148 is received within portion 124 of groove
of Indexing housing section 18. The shoulder In-  35  116 as shown In
Figure 8. It Is to be appreciated cludes a slot 154, also viewable in
Figure 5, formed  that the power mandrel is supported by abutment therein.
Shoulder 152 includes an upper abutment   surface 156 of shoulder 152
rather than by the surface 156 and a lower abutment surface 158. The
action of ball 148 against the upper surface of shoulder Is shown in cross
section in Figure 5. It  groove portion 124. will be noted that a slot,
like slot 154 is located 180   40  When piston 61 and thus the mandrel and
degrees around indexing section 18 from slot 154  indexing sleeve 65 move
upwardly in response to and it is to be appreciated that a structure
similar  pressurization of the nitrogen chamber, Indexing to that described
In association with the portion of  sleeve 65 moves until ball 148 is
received within force reducing assembly 150 visible In Figure 1B is  lower
portion 132 of groove 116 as shown in repeated symetrically opposite
thereto, although   45  dashed lines in Figure 8. Again the ball does not
not shown herein. Indexing sleeve 65 includes     serve as a stop to
prevent further upward move- mounted thereon load lugs 160, 162. Each of
the    ment of sleeve 65 but rather surface 164 on lug load lugs includes
an upper abutment surface like  160 abuts against surface 158 of shoulder
152 thus upper abutment surface 164 on load lug 160 and a  halting further
upward movement power mandrel lower abutment surface like abutment surface
166   so  58 as seen In Figure 1 B. After the nitrogen cham- on load lug
160.                                  ber is fully charged, the tool is
lowered Into the The general manner of operation of downhole    well bore
In the position shown in Figure 2. tool 10 is substantially the same as
that of the      During the course of testing or treating the Beck tool
described in detail in U.S. Patent No.  bore, it may be necessary or
desirable to pressur- 4,355,685. That operation may be generally sum-   55
ize the annulus to operate various valves and test- marized as follows.
Downhole tool 10 provides a   ing apparatus. When the annulus is first so
pressur- circulation valve which may be moved between its   ized, pressure
is communicated through port 98 to open and closed positions by repeatedly
increasing  the upper surface of piston 61 thereby forcing 5    
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relative to housing 12. When      The use of abutment surfaces as described
to such occurs, bail 148 is driven upwardly into upper  prevent further
motion of power mandrel 58 relative portion 126 in Figure 8 until surface
71 abuts    to housing 12 relieves ball 148 and its associated against
surface 156 as shown in Figure 1 B. Re-   components from absorbing the
force necessary to peated pressurization and depressurization of the   5
stop such motion. annulus rotates sleeve 65 relative to mandrel 58 as
Referring now to Figures 9A-9F, a second em- the ball is received in
adjacent upper and lower   bodiment of the instant invention Is
incorporated in portions of groove 116. Each time the ball is re-  a tool
indicated generally at 201. ceived in an upper portion of groove 116,
further     Tool 201 includes a cylindrical outer housing, motion is
halted, not by action of the ball against  10  generally designated by the
numeral 200, having the upper groove surface but by action of surface  an
upper housing adapter 202 which Includes 71 against surface 156 as shown in
Figure 1B.     threads 204 for attaching tool 201 to the portion of Each
time the ball is received in a lower groove  a testing drill string located
above tool 201. portion of groove 116, further motion is stopped by   At
the lower end of housing 200 is a lower the action of surface 158 on
surface 164 as shown   15  housing adapter 206 which includes an externally
in Figure 2.                                      threaded portion 208 for
connection of tool 201 to a When the ball is received in lower portion 136
portion of the test string located below the tool. and the annulus is next
pressurized, the ball is      Housing 200 further includes an upper housing
received in portion 128. When the annulus pres-    section 210, an
intermediate housing section 212 sure is next released in response to the
trapped   20  and a lower housing section 214. The Interior of the pressure
in nitrogen chamber 78, the ball moves   components making up housing 200
forms a fluid into portion 120 and the indexing sleeve moves     flow
passageway 216 axially through tool 201. The upwardly until the ball is
received in lower portion  various housing sections and the upper and lower
142 of groove 118. Figure 5 is a cross-sectional  adapter are threadably
connected to one another view taken while ball 148 Is received in portion
120   25  via threaded connections as shown in the drawing of groove 112.
When the ball Is in the groove     with each such threaded connection being
sealed Portion 120, lug 160 is received within and passing  with 0-rings as
shown. through slot 154 of shoulder 152. As the ball         Indicated
generally at 217 in Figures 9B and moves into groove 118, lugs 160, 162
move above   9C is a circulation valve. A generally tubular valve shoulder
152. Just prior to engagement of the ball  30  mandrel 218 is closely
received within upper hous- with lower surface 146 In the lower portion
142,   Ing section 210 and is sealingly engaged therewith surface 63 on the
upper side of annular piston 61  via 0-rings 220, 222, 224, and 226. An
upper valve engages surface 17 on the lower portion of housing  sleeve 228
is closely received within upper housing 16 thus halting further movement
of the mandrel In  section 210 and is threadably engaged via threads the
housing. When the ball is received in either  35  230 to the upper end of
valve mandrel 218. An 0- upper or lower portions, like portions 140, 142,
of  ring 231 sealingly engages the radially outer sur- groove 118, the
power mandrel is positioned so    face of upper valve sleeve 228 to the
radially inner that port 30 communicates with port 38 thereby    surface of
upper housing section 210. A lower permitting circulation through these
ports.        valve sleeve 234, in Figure 90, is threadably en- When ball
148 moves from portion 142 to  40  gaged via threads 236 to the lower end
of valve portion 140 in response to an increase In annulus  mandrel 218 and
Is sealingly engaged thereto via pressure, further downward movement of
sleeve 65   0-ring seal 238. is halted by abutment of surface 166 on the
lower     Valve mandrel 218 includes a lower check side of lug 160 (Figure
4) against surface 156 on  valve indicated generally at 240. Included
therein Is the upper side of shoulder 152. Thereafter, when   45  a
resilient valve portion 242, such comprising an annulus pressure is
released and ball 148 moves to  annular lip having a radially outer surface
244 the adjacent lower portion to the right In slot 118 in  which bears
against the radially inner surface of response to the nitrogen pressure,
further upward  valve mandrel 218. Valve portion 242 Is Inserted movement
of the sleeve is halted by abutment of   over and carried by a valve
portion carrier 246. surfaces 63, 17 as in Figure 3. Continued applica-  50
Carrier 246 supports valve portion 242 to create an tions and releases of
annulus pressure rotate the  annular space 248 between the radially outer
sur- sleeve in a clockwise direction as viewed from    face of the valve
portion and the radially inner above until ball 148 Is received in portion
124 of  surface of valve mandrel 218. A plurality of bores, groove 112 and
Is thus returned to the solid-line  one of which is bore 250, are formed
through configuration in Figure 8. Thereafter continued ap-  55   mandrel
210 about the circumference thereof and plications and releases of annulus
pressure may be  permit fluid communication between the exterior of used to
selectively open and shut the circulation  the mandrel and space 248. Upper
housing section valve as needed.                                   210
includes a circulating port 252 to permit fluid    11                EP 0
222 620 B1                        12 



communication between the interior and exterior of  bore from becoming
mixed with the oil contained In upper housing section 210.
annular space 282 above the floating piston. Valve carrier 246 is received
between the up-     In Figure 9E, an indexing sleeve 292 is closely per end
of lower valve sleeve 234 and a bevel 254  received over piston mandrel 270
and is restrained formed on the radially inner surface of valve man-   5
from axial movement therealong by a downward drel 218 and is thus
restrained from axial move-  facing shoulder 294 formed on mandrel 270 and
ment relative to the valve mandrel.               the upper surface of
lower piston mandrel 286. For In Figure 9B, an upper check valve is
indicated  a better view of the structure associated with index- generally
at 256. Included therein is a resilient  ing sleeve 292, attention is
directed to Figure 12. valve portion 258 having an annular lip which has a
10  An outer cylindrical surface 296 on indexing radially inner surface 260
that is sealingly engaged  sleeve 292 concludes a continuous slot or
groove, against the radially outer surface of valve mandrel  such being
indicated generally at 298. Groove 298 218 about its circumference.
Resilient valve portion  includes a repeating zig-zag portion 300 which 258
is carried by a valve portion carrier 262. A  rotates sleeve 292
counter-clockwise, as viewed space 264 is formed between the radially inner
15  from above, upon reciprocation of piston mandrel surface of resilient
valve portion 258 and the radi-  270 relative to housing 200. ally outer
surface of the valve mandrel.              Groove 298 further includes
first and second A plurality of bores indicated generally at 266  vertical
groove portions 302, 304. Each of groove provide fluid communication
between the interior of  portions 302, 304 includes an upper and lower leg,
the valve mandrel 218 and space 264 about the   20  like upper leg 305 and
lower leg 307 in groove 302. circumference of the valve mandrel. Valve
carrier  Connecting groove portion 306, 308 connect re- 262 is received
between the lower end of upper     peating zig-zag portion 300 with
vertical groove valve sleeve 228 and a bevel 268 formed on the     portions
302, 304. Zig-zag portion 300 includes a radially outer surface of valve
mandrel 218 about  first leg 310 having an upper surface 312 and a its
circumference and is thus restrained from axial  25  lower surface 314.
Each of the other legs in zig-zag movement relative to the valve mandrel.
portion 300 include similar upper and lower sur- A piston mandrel 270 in
Figure 9C, 9D, and 9E  faces. Likewise, each of vertical grooves 302, 304
has an upper end threadably secured via threads    Include upper and lower
surfaces like upper sur- 272 to the lower end of lower valve sleeve 234.
face 316 and lower surface 318 In groove 302. The radially outer surface of
piston mandrel 270   30  A ball 320 is biased into groove portion 302 and
the radially Inner surfaces of upper housing   and more particularly Into
the lower portion of the section 210 and Intermediate housing section 212
groove as viewed In both Figures 12 and 9E. define an upper annular space
274 which Is in        In Figure 9E, ball 320 Is mounted on the radi-
communication with the exterior of the tool via a  ally inner surface of an
annular shoulder 324 which power port 276. O-rings 278, 280 seal the
radially  35  is formed on  the radially inner surface of lower inner and
outer surfaces of intermediate housing   housing section 214. For a more
detailed descrip- section 212 and define the lower end of annular   tion of
ball 320, Its associated structure, and the space 274. O-rings 278, 280
define the upper end  manner in which ball 320 interacts with indexing of a
lower annular space 282 which has as its outer  sleeve 292 see U.S. Patent
No. 4,355,685 to Beck boundry the radially inner surface of lower housing
40  which description is Incorporated herein by refer- section 214. The
radially Inner boundry of space  ence. 282 Is defined by the outer surface
of piston man-    An annular shoulder 322 Is formed on the radi- drel 270
and the outer surface of a lower piston  ally Inner surface of lower
housing section 214 mandrel 286 which is threadably secured to the    about
its circumference. lower end of piston mandrel 270 via threads 288.    45
Annular shoulder 322 includes a pair of op- Disposed at the lower end of
annular space     posed slots 326, 328 which are viewable In Figure 282 is
an annular floating piston 290. Piston 290 Is  11. sealingly and slidingly
received between the radi-    Annular shoulder 324 includes a similar pair
of ally outer surface of the lower piston mandrel 286  opposed slots 330,
332 with slot 330 being axially and the radially inner surface of lower
housing   50  aligned with slot 336 and slot 332 being axially section 214.
Lower annular space 282 is filled with  aligned with slot 328. oil to
provide lubrication to moving parts, to be     Indexing sleeve 292 includes
a pair of opposed hereinafter more fully described, contained within  load
lugs 334, 336, such being viewable In Figure space 282. The lower side of
floating piston 290 is  11. In the view of Figure 11, opposing lugs 334, in
fluid communication with the exterior of tool 201  55  336 are received
within slots 326, 328, respec- via a port 293 formed through the wall of
lower   tively. Load lug 336 is viewable In Figure 12 and is housing
section 214. The floating piston prevents  shown in dot-dash lines in
Figure 9E, such indicat- drilling mud and other contaminants in the well
ing where load lug 336 is positioned on the rear 7    13                EP
0 222 620 B1                   14 



side of index sleeve 292, with lug 334 being half  leg 310, when the drill
string upon which the tool is cut away in the quarter section and half
obscured  suspended is pressurized, passageway 216 is by lower housing
section 214.                     pressurized thus forcing power mandrel 270
down- Load lug 336 Includes an upper abutment sur-  wardly until ball 320
Is received in the upper por- face 338 and a lower abutment surface 340.
Abut-   5   tion of leg 310, as shown in dashed lines in Figure ment
surfaces 338, 340 comprise the upper and     12, adjacent surface 312. The
power mandrel is lower surfaces, respectively, of the load lug which  urged
downwardly under such pressurization due extends outwardly from the
radially outer surface of  to the action of an annular piston which is
defined indexing sleeve 292.                              by an outer
diameter at seal 238 in Figure 9C and In Figure 9E, annular shoulder 322
includes  10  by an inner diameter at O-ring 278 in Figure 9E. upper and
lower abutment surfaces 342, 344, re-   Fluid pressure in passageway 216
acts across the spectively.
difference In area between seal 238 and O-ring 278 Also In Figure 9E,
shoulder 324 Includes upper  to urge power mandrel 270 downwardly. As the
and lower abutment surfaces 346, 348, respec-     mandrel moves downwardly
ball 320 moves from tively. The upper surface of lower piston mandrel  15
the lower portion of leg 310 to the upper portion of 286 comprise an
abutment surface 350 with sur-   leg 310 adjacent upper surface 312. face
348 being abutted against surface 350 In the    It is to be appreciated
that downward move- view of Figure 9E.                                ment
of the power mandrel Is stopped when lower Additional abutment surfaces are
seen In Fig-  abutment surface 340 on load lug 336 and the ures 9C and 9D
and include surface 352 on the   20  lower abutment surface on the opposing
load lug lower end of lower valve sleeve 234 and surface   strike upper
abutment surface 346 on shoulder 354 on the upper end of intermediate
housing      324. Such occurs when ball 320 is in the position section 212.
As will be explained hereinafter, the  shown in dashed lines adjacent upper
surface 312. various abutment surfaces interact with one another  Such
abutment prevents ball 320 from abutting to limit the axial movement of
valve mandrel 218   25  against surface 312 with a significant amount of
and thereby place the valve in a closed condition,  force. in a condition
for circulation of fluids, or in a    After ball 320 Is positioned in the
upper portion condition for reverse circulation of fluids.      of leg 310,
it may be necessary or desirable to In operation, prior to suspending tool
201 on a  operate a tool In the drill string testing arrangement testing
drill string in a well bore, mandrel 270 is  30  by applying pressure to
the annulus between the axially reciprocated relative to housing 200 In
order  drill string and the well bore. Such pressure is to place ball 320
in the lower end of leg 310 as  communicated to upper annular space 274 via
port shown in dashed lines in Figure 12. In this position   276 in Figure
9D and serves to urge power piston ball 320 is adjacent lower surface 314.
When ball  mandrel 270 upwardly relative to housing 200. 320 is In the
lower portion of leg 310 adjacent  35  When such occurs, ball 320 moves
downwardly surface 314, abutment surface 338 of load lug 336  Into the
lower portion of the leg adjacent leg 310. and the upper surface of the
opposing load lug are  Further upward piston mandrel movement Is stop-
abutted against abutment surface 344 on the un-   ped by the action of
abutment surface 338 against derside of annular shoulder 322. When surfaces
abutment surface 344 on the lower surface of an- 338, 344 are so abutted,
ball 320 is not abutted   40  nular shoulder 322. against surface 314 on
the lower portion of leg 310  When ball 320 is received within zig-zag por-
but rather is positioned just adjacent thereto.  tion 300, although piston
mandrel 270 and thus When power piston 270 is positioned with ball  valve
mandrel 218 are reciprocated between the 320 in leg 310 as described above,
valve mandrel  upper and lower portions of groove 300, circulation 218 is
positioned over circulation port 252, in Fig-  45  port 252 is always
between 0-rings 222, 224, thus ure 9C, between 0-rings 222, 224. Thus,
fluid     sealing the port from fluid communication between communication
between passageway 216 and the      the interior and exterior of the tool.
exterior of tool 201 is prevented.                   It can be seen that by
alternately pressurizing With the tool configured as described above, it
the drill string and the annulus, ball 320 will be is assembled into the
drill string and lowered into  50  successively moved along zig-zag portion
300 until the well bore. With this arrangement, fluids may be  It is
received in the upper portion of the leg to the pumped into the drill
string on which tool 201 is  immediate right of connecting port 306.
suspended for purposes of fracturing or injecting    When so positioned,
annulus pressure may be acid into the formation. Also, the annulus between
applied to urge piston mandrel 370 upwardly there- tool 201 and the well
bore may be pressurized in  55  by causing ball 320 to enter connecting
portion 306 order to operate different tools in the drill string  and
thereafter lower leg 307 as the piston mandrel testing arrangement.
continues its upward movement. Abutment surface With ball 320 received in
the lower portion of  338 does not strike abutment surface 344 on the 8
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lower surface of shoulder 233 as during piston    the invention have been
specifically described for mandrel reciprocation when ball 320 is received
in  the purposes of this disclosure, numerous changes zig-zag portion 300.
This is because load lugs 334,  in the arrangement and construction of
parts can 336 are received within slots 326, 328, in Figure 11  be made by
those skilled in the art which changes and thus permit movement of ball 320
down lower   5   are encompassed within the spirit and scope of this leg
307.                                          invention which is defined by
the appended claims. Just prior to abutment of ball 320 against lower  For
example, the invention is not limited to do a surface 318, abutment surface
348 on the lower    specific number of load lugs and slots; more lugs side
of shoulder 324 abuts against surface 350 on  may be provided to further
distribute forces and the upper side of lower piston mandrel 286 thus   10
thus reduce those on an individual lug; the lugs stopping further mandrel
movement and preventing  may be incorporated into the tool housing and ball
320 from absorbing a significant axial load.  slotted annular shoulder
provided on the Indexing When ball 320 Is In the lower end of leg 307 as
sleeve. shown in the solid-line view of Figure 12 and Fig- ure 9E, valve
mandrel 218 is positioned relative to  15  Claims port 252 as shown in
Figure 9C. When so posi- tioned fluid may be reverse circulated through
port  1. A guide lug and slot assembly (64,292,320) for 252, bore 250 (and
the other bores about the          guiding inner (58;270) and outer (18;
214) tele- perimeter of valve mandrel 218 adjacent bore 250),    scoping
tubular members of a downhole tool into annular space 248 on the radially
inner surface  20  (10;201) into a preselected axial position rela- of
valve mandrel 218 and into passageway 216.         tive to one another,
characterised in that it Thus, when valve mandrel 218 is in the con-
further comprises: a first load lug (154,322) figuration of 9C, the well
may be reverse circulated  comprising a substantially annular shoulder but,
because of the action of resilient valve portion  fixedly mounted on the
radially inner surface of 242, the well nay not be circulated from the
drill  25  said outer tubular member; and a second load string into the
annulus. When pressure in passage-    lug (160;336) fixedly mounted on the
radially way 216 is greater than the pressure in the an-       outer
surface of said inner tubular member, nulus, surface 242 sealingly engages
the radially     said load lugs abuttingly engaging one another inner
surface of the valve mandrel thus preventing    when said inner and outer
tubular members flow between passageway 216 and the annulus.  30      are
guided by said lug and slot assembly Since such flow may not occur, when it
is          (64:292,320) to said preselected axial position, desired to
place the tool in condition for circulation,  said annular shoulder
including a slot (154;330, passageway 216 may be pressurized (by pres-
332) therein of a size sufficient to permit pas- surizing the drill string)
thus driving piston mandrel  sage of said second load lug therethrough 270
downwardly and moving ball 320 upwardly in  35    when said slot and said
second load lug are leg 307 and into leg 305 until the ball is adjacent
radially aligned with one another. surface 316. Just prior to impact of
surface 316 with ball 320, surface 352 on the lower end of     2. An
assembly according to claim 1, charac- lower valve sleeve 234 abuts against
surface 354      terised in that it further includes a third load on the
upper end of intermediate housing section   40  lug mounted on one of the
tubular members 212 thus stopping further downward movement of        for
abuttingly engaging one of the other load piston mandrel and preventing
ball 320 from bear-     lugs when said inner and outer tubular mem- ing
significant forces as a result of impact with     bers are guided by said
lug and slot assembly surface 316.
to a second preselected axial position relative When the piston mandrel is
in its lowermost  45   to one another. condition as just previously
described, 0-ring 220 on valve mandrel 218 is beneath circulating port   3.
An assembly according to claim 1, charac- 252 thus permitting circulation
from passageway       terised in that said inner and outer telescoping 216
into the well bore.                               tubular members include
additional load lugs The use of abutment surfaces as described to  50
fixedly mounted on said radially outer and in- prevent further motion of
piston mandrel 270 rela-    ner surfaces, respectively, said additional
load tive to housing 200 relieves ball 320 and its asso-   lugs abuttingly
engaging one another when ciated components from absorbing the force nec-
said inner and outer tubular members are guid- essary to stop such motion.
ed by said lug and slot assembly to different It is thus seen that the
downhole tool of the   55  preselected axial positions relative to one an-
present invention readily achieves the ends and       other. advantages
mentioned as well as those inherent therein. While presently preferred
embodiments of  4. An assembly according to claim  1,2 or 3, 9    15
EP 0 222 620 B1                        16 



lower surface of shoulder 233 as during piston    the invention have been
specifically described for mandrel reciprocation when ball 320 is received
in  the purposes of this disclosure, numerous changes zig-zag portion 300,
This is because load lugs 334,  in the arrangement and construction of
parts can 336 are received within slots 326, 328, in Figure 11  be made by
those skilled in the art which changes and thus permit movement of ball 320
down lower   5   are encompassed within the spirit and scope of this leg
307.                                          invention which is defined by
the appended claims. Just prior to abutment of ball 320 against lower  For
example, the invention is not limited to do a surface 318, abutment surface
348 on the lower     specific number of load lugs and slots; more lugs side
of shoulder 324 abuts against surface 350 on  may be provided to further
distribute forces and the upper side of lower piston mandrel 286 thus   10
thus reduce those on an individual lug; the lugs stopping further mandrel
movement and preventing  may be incorporated into the tool housing and ball
320 from absorbing a significant axial load.  slotted annular shoulder
provided on the indexing When ball 320 is in the lower end of leg 307 as
sleeve. shown in the solid-line view of Figure 12 and Fig- ure 9E, valve
mandrel 218 is positioned relative to  15  Claims port 252 as shown in
Figure 9C. When so posi- tioned fluid may be reverse circulated through
port  1. A guide lug and slot assembly (64,292,320) for 252, bore 250 (and
the other bores about the          guiding inner (58;270) and outer (18;
214) tele- perimeter of valve mandrel 218 adjacent bore 250),    scoping
tubular members of a downhole tool into annular space 248 on the radially
inner surface   20  (10;201) into a preselected axial position rela- of
valve mandrel 218 and into passageway 216.         tive to one another,
characterlsed In that it Thus, when valve mandrel 218 is in the con-
further comprises: a first load lug (154,322) figuration of 9C, the well
may be reverse circulated  comprising a substantially annular shoulder but,
because of the action of resilient valve portion  fixedly mounted on the
radially inner surface of 242, the well nay not be circulated from the
drill  25  said outer tubular member; and a second load string Into the
annulus. When pressure in passage-    lug (160;336) fixedly mounted on the
radially way 216 is greater than the pressure in the an-       outer
surface of said inner tubular member, nulus, surface 242 sealingly engages
the radially     said load lugs abuttingly engaging one another inner
surface of the valve mandrel thus preventing    when said Inner and outer
tubular members flow between passageway 216 and the annulus.  30      are
guided by said lug and slot assembly Since such flow may not occur, when it
is         (64:292,320) to said preselected axial position, desired to
place the tool in condition for circulation,  said annular shoulder
including a slot (1 54;330, passageway 216 may be pressurized (by pres-
332) therein of a size sufficient to permit pas- surizing the drill string)
thus driving piston mandrel  sage of said second load lug therethrough 270
downwardly and moving ball 320 upwardly in  35    when said slot and said
second load lug are leg 307 and into leg 305 until the ball is adjacent
radially aligned with one another. surface 316. Just prior to impact of
surface 316 with ball 320, surface 352 on the lower end of    2. An
assembly according to claim 1, charac- lower valve sleeve 234 abuts against
surface 354      terised in that it further includes a third load on the
upper end of intermediate housing section   40  lug mounted on one of the
tubular members 212 thus stopping further downward movement of        for
abuttingly engaging one of the other load piston mandrel and preventing
ball 320 from bear-     lugs when said inner and outer tubular mem- ing
significant forces as a result of impact with     bers are guided by said
lug and slot assembly surface 316.
to a second preselected axial position relative When the piston mandrel is
in its lowermost  45   to one another. condition as just previously
described, 0-ring 220 on valve mandrel 218 is beneath circulating port   3.
An assembly according to claim 1, charac- 252 thus permitting circulation
from passageway       terised In that said inner and outer telescoping 216
into the well bore.                               tubular members include
additional load lugs The use of abutment surfaces as described to  50
fixedly mounted on said radially outer and in- prevent further motion of
piston mandrel 270 rela-    ner surfaces, respectively, said additional
load tive to housing 200 relieves ball 320 and its asso-   lugs abuttingly
engaging one another when ciated components from absorbing the force nec-
said inner and outer tubular members are guid- essary to stop such motion.
ed by said lug and slot assembly to different It is thus seen that the
downhole tool of the  55  preselected axial positions relative to one an-
present invention readily achieves the ends and       other. advantages
mentioned as well as those inherent therein. While presently preferred
embodiments of  4. An assembly according to claim  1,2 or 3,
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characterised in that said second load lug in-      telescoping tubular
members, said additional cludes a lower abutment surface for abutting
abutment surfaces being arranged to engage against the upper side of said
annular shoulder     one another when said first and second tele- and an
upper abutment surface for abutting         scoping members approach such
preselected against the lower side of said annular shoulder.   5  relative
axial positions to prevent said guide lug from exerting significant axial
forces 5. An assembly according to claim  1, charac-          against said
upper and lower groove surfaces. terised in that said guide lug and slot
assem- bly is of the type which generates relative     8. A tool according
to claim 1, characterised in rotational movement between said inner and
10    that said first abutment surface comprises one outer telescoping
tubular members during such       side of an annular shoulder and wherein
said guiding and wherein said second lug is alig-        guide lug is
mounted on said shoulder, and nable with said slot to enable said guide lug
wherein preferably said second abutment sur- and slot assembly to guide
said inner and           face comprises an edge of a load lug and outer
telescoping tubular members to a relative   16  wherein said annular
shoulder Includes said axial position beyond said preselected axial
slot through which said load lug may pass position.
when said load lug is radially aligned therewith, said second telescoping
member being prefer- 6. A downhole tool comprising: first (18,214) and
ably slidingly received within said first tele- second (58,270) telescoping
tubular members;  20    scoping member, said second abutment sur- motion
control means (64;292,320) operatively       face preferably comprising an
edge of a load associated with said first and second telescop-     lug
extending outwardly from the radially outer ing members for controlling
relative axial          surface of said second telescoping member, movement
between said first and second tele-        and wherein said annular
shoulder preferably scoping tubular members, said motion control  25
Includes said slot therein through which said means including a groove (1
12;300) disposed       load lug may pass when said load lug is radi- in one
of said first and second tubular mem-        ally aligned therewith. bers
and a guide lug (148;,320) associated with the other of said first and
second telescoping  9. A downhill tool comprising: first (18,214) and
tubular members, said guide lug being re-  30       second (58,270)
telescoping members; a guide ceived in said groove; characterised in that
it    lug (148,320) fixedly mounted on one of said further comprises first
(156,158;342,344) and       first and second telescoping members; a second
(164,166;338,340) abutment surfaces          groove (112,300) disposed in
the other of said associated with said first and second telescop-     first
and second telescoping members and ing tubular members, respectively, said
first  35   having said guide lug received therein, said abutment   surface
including   a   slot           groove  having  a  substantially  axial leg
(154;330,332) formed therein through which          (120,122;302,304) which
defines a preselected said second abutment surface may pass when
relative axial position of said first and second said  second abutment
surface is radially          telescoping members when said guide lug ap-
aligned therewith; wherein said first and sec-  40  proaches the end of
said leg, characterised in ond tubular members, said motion control
that it further comprises first (154,322) and means, and said first and
second abutment           second (160,336) load lugs fixedly mounted on
surfaces are so arranged and constructed that       said first and second
telescoping members, when said guide lug is at an axially extreme
respectively, said first and second load lugs position within a leg of said
groove, said first  46  being positioned relative to said guide lug and
abutment surface supportingly engages said          to said groove so as to
abuttingly engage one second abutment surface to prevent said guide
another when said first and second telescoping lug from exerting
significant axial forces on       members are In said preselected relative
axial said groove.                                        position, said
first load lug comprising an an- 50      nular shoulder having a slot (154;
330,332) 7. A tool according to claim 6, characterised in       formed
therethrough, said slot being of a size that said groove includes upper and
lower sur-     sufficient for said second load lug to pass faces which said
guide lug may approach and         therethrough when said slot and said
second which thereby define preselected relative axial    load lug are
radially aligned. positions of said first and second telescoping   55
tubular members and wherein said downhole       10. A tool according to
claim 9, characterised In tool further comprises additional abutment sur-
that said groove Includes a second substan- faces associated with said
first and second         tially  axial leg  which defines a second
101111111111111111111111111    19                 EP 0 222 620 B1
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preselected relative axial position of said first   ergot de charge monte
sur l'un des elements and second telescoping members when said
tubulaires pour venir buter contre un des au- guide lug approaches an end
of said second         tres ergots de charge lorsque lesdits 6l6ments leg,
and wherein said downhole tool further         tubulaires Interleur et
exterieur sont guldes par includes a third load lug fixedly mounted on   5
ledit ensemble a ergot et fente pour prendre one of said first and second
telescoping mem-       une deuxleme position axiale preselectionn~e bers,
said third load lug abuttingly engaging       l un par rapport & l autre.
one of said other load lugs when said first and second members are in said
second preselec-     3. Ensemble selon la revendication 1, caract~rlsd ted
relative axial position; and wherein said  1o   en ce que lesdits 6l6ments
tubulalres telesco- second telescoping member is preferably re-
piques int6rieur et ext6rieur compronnent des celved within said first
telescoping member         ergots de charge additlonnels mont~s fixes sur
and wherein said downhole tool further prefer-     lesdites surfaces
radialement ext6rieure et In- ably includes a second  annular shoulder
terieure respectivement, lesdits ergots de char- spaced from said first
annular shoulder, said  is   ge additionnels 6tant en butee Pun contre I
au- second annular shoulder having a slot formed       tre lorsque lesdits
el6ments tubulaires int6rleur therethrough which is substantially aligned
with    et exterieur sont guides par ledit ensemble & the slot in said
first annular shoulder; and        ergots et fente pour prendre diff6rentes
posi- wherein said tool further preferably includes       tions axiales
preselectionnees lun par rapport fourth and fifth load lugs mounted on said
first  20  a l autre. and second telescoping members, respective- ly, said
fourth and fifth load lugs defining an-  4. Ensemble solon la revendication
1, 2 ou 3, other preselected relative axial position of said   caracterise
en ce que ledit deuxieme ergot de first and second telescoping members when
charge comprend une surface de butde infe- said fourth and fifth load lugs
abut against one   28  rieure pour buter contre le c8te superieur dudit
another.                                            6paulement annulaire et
une surface de but~e sup~rieure pour buter contre le c8t6 inferieur
Revendicatlons                                         dudit epaulement
annulaire. 1. Ensemble de guidage A ergot et fente (64,  3o  5. Ensemble
solon la revendication 1. caractMris4 292, 320), destine & guider des
elements tubu-      en ce quo ledit ensemble de guidage A ergot laires
telescopiques, interieur (58, 270) et ext4-  et fente est du type qui
engendre un deplace- rieur (18 ; 214) appartenant & un outil de fond
ment relatif en rotation entre lesdits 6elments de forage (10 ; 201) pour
les placer dans une       tubulaires tWlescopiques interieur et exterieur
position axiale preselectlonnee lun par rapport  35  pendant ce guidage et
dans lequel ledit & l'autre, caracterise en ce qu'il comprend en
deuxibme ergot pout etre aligne sur ladite fen- outre: un premier ergot de
charge (154; 322)        te pour permettre audit ensemble de guidage
comprenant un dpaulement sensiblement an-           & ergot et fente de
guider lesdits 6l1ments nulaire monte en position fixe sur la surface
tubulaires telescoplques int6rieur et exterieur radialement int6rieure
dudit 6l6ment tubulalre  40  jusqu'a une position axiale relative qui est
au- ext6rieur ; et un deuxieme ergot de charge          del& de ladite
position axiale prdsdlectionn~e. (160 ; 336) fixe rigidement sur la surface
radla- lement exterieure dudit element tubulaire inti-  6. Outil de fond de
forage comprenant: des rieur, lesdits orgots de charge etant en prise
premier (18, 214) et deuxibme (58, 170) 6l6- par butee lun contre lautre
lorsque lesdits  45     ments tubulaires telescopiques ; des moyens
6lements tubulaires interieur et extdrieur sont     (64; 292, 320) de
commande du mouvement guides par ledit ensemble A ergot et fente (64;
qui sont associes fonctionnellement auxdit pre- 292. 320) pour prendre
ladite position axiale       mier et deuxieme 6lments telescopiques pour
preselectionnre, ledit epaulement annulaire in-     commander le mouvement
axial relatif entre trieurement comportant une fente (154 ; 330,  60    ces
premier et deuxleme el6ments tubulaires 332) d'une dimension suffisante
pour donner         tdlescopiques, lesdits moyens de commande passage audit
deuxibme ergot de charge a            du mouvement comprenant une gorge
(112 travers cette fente lorsque ladite fente et ledit  3Q0) disposde dans
un des premier et deuxib- second ergot de charge sont alignes radiale-
me 6lements tubulalres et un ergot de guidage memnt 'un sur lPautre.
55       (148 ; 320) associe a lPautre desdits premier et deuxieme elements
tubulaires t6lescopiques, 2. insemble selon la revendication 1, caract&rlse
ledit ergot de guldage 6tant regu dans ladite en ce qu'il comprend en outre
un troisibme          gorge, caract~rls6 en ce quil comprend en    21
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but6e associes aux premier et deuxi&me 6le-        dans lequel ledit
epaulement annulaire com- ments tubulaires telescopiques, respective-
prend de preference Intdriourement ladite fente ment, ladite premibre
surface de but6e presen-   5  a travers laquelle ledit ergot de charge peut
tant une fente (154 ; 330, 332) qui y est           passer lorsque cet
ergot de charge est aligne formee et a travers laquelle ladite deuxieme
radialement avec elle. surface de but~e pout passer lorsque ladite deuxisme
surface do but~e est align6e radlals-  9. Outfl de fond de forage
comprenant: des ment avec elle ; dans lequel lesdits premier et  tO
premier (18, 214) et deuxieme (58, 270) e16- deuxibme 6lements tubulaires,
lesdits moyens        ments t6lescopiques: un ergot de guidage de commands
du mouvement ot lesdites pre-           (148, 320) mont4 rigidement sur
l'un desdits miere et deuxibmes surfaces de but6e sont           premier et
deuxlbme 6lements telescopiques, agences et construits de tells manibre
que,         une gorge (112, 300) dispos6e dans l'autre lorsque ledit ergot
de guidage so trouve dans   i5  desdits premier et deuxieme 6l4ments
tdlesco- la position axialement extreme & Pint6rieur         piques, dans
laquelle se loge ledit ergot de d'une branche de ladite gorge, ladite
premiere      guidage, ladite gorge ayant une branche sensi- surface de
but6e est en contact avec ladite         blement axiale (120, 122: 302,
304) qui definit deuxieme surface de but6e, on la supportant,        une
position axiale relative preselectionn6e pour empecher ledit ergot de
guidage d'exer-  20    desdits premier et deuxibme elements t~lesco- cer
des forces axiales notables sur ladite gor-     piques loraque ledit ergot
do guidage s appro- ge.                                                 che
do r1oxtr6mit6 de ladite branche, caract6ri- se en ce qu'il comprend on
outre des premier 7. Outil selon la revendlcation 6, caracterise on
(154, 322) et deuxibme (160, 336) ergots de ce quo ladite gorge comprend
des surfaces   25      charge montes rigidement sur lesdits premier
superieure et inferieure dont ledit ergot de        et deuxieme 6lements
telescopiques, respecti- guidage pout sVapprocher, et qui d6flnissent
vement, lesdits premier et deuxieme ergots de ainsi des positions axiales
relatives desdits       charge etant positionn6s par rapport audit or-
premier et deuxibme elements tubulaires teles-      got de guidage et &
ladite gorge de manilre a copiques et dans loquel ledit outil de fond de
3o  entrer on butee l'un contre l'autre lorsque les- forage comprend en
outre des surfaces de            dits premier et deuxibme elements
telescopl- butee additionnelles associees auxdits premier      ques sont
dans ladite premiere position axiale et deuxibme el6ments tubulaires
telescopi-          relative pr6sslectionn6e, ledit premier ergot de ques,
lesdites surfaces de butee additionnelles     guidage comprenant un
epaulement annulaire etant agenc~es pour entrer en contact entre  as
presentant une fente (154 ; 330, 332) formde elles lorsque lesdits premier
et deuxlme ele-      dans cot epaulement, ladite fente etant d'une ments
telescopiques s'approchent de ces posi-       dimension suffisante pour que
ledit deuxibme tions axiales relatives preselectionnees pour       ergot de
charge la traverse lorsque ladite fente empecher ledit ergot de guidage
d'exercer des       et ledit deuxibme ergot de charge sont alignds forces
axiales notables contre lesdites surfaces   40  radialement. sup6rieure et
inferieure de la gorge. 10. Outil selon la revendication 9, caract6ris6 en
8. Outil selon la revendication 1, caracterise en      ce que ladite gorge
comprend une deuxieme ce que ladite premibre surface de butWe com-
branche sensiblement axiale qui definit une prend un c8t6 d'un epaulement
annulaire et  4o      deuxieme position axiale relative preselectlon- dans
lequel ledit ergot de guidage est monte        nee desdits premier et
deuxieme elements te- sur ledit epaulement, et dans lequel ladite
lescopiques lorsque ledit ergot de guldage deuxieme surface de but6e
comprend de pr6-          s'approche d'une extremite de ladite deuxibme
ference un bord d'un ergot de charge et dans        branche, et dans lequel
ledit outil de fond de lequel ledit epaulement annulaire comprend la-  6o
forage comprend en outre un troisieme ergot dite fente & travers laquelle
ledit ergot de        do charge monte rigidement sur i'un des pre- charge
pout passer lorsque lWdit ergot de char-     mler et deuxieme el6ments
telescopiques, ledit ge est aligne radialement sur cette fente, ledit
trodsleme ergot de charge butant contre IPun deuxibme element t6lescopique
dtant de prefe-       desdits autres ergots de charge lorsque lesdits rence
recu a coulissoment dans ledit premier  55    premier et deuxi(me 6lements
sont dans ladite e6lment telescopique, ladite deuxieme surface
deuxibme position axiale relative prds6lection- de but6e comprenant de
preference un bord           n~e ; et dans loquel ledit deuxibme element de
lFergot de charge qul s'etend vers l'extm-       t~lescopique est de
preference recu dans ledit 12
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ledit outil de fond de forage comprend en         Belastungsansatze
enthalten, die an den radia- outre de prdference un deuxieme epaulement
len Aufien- bzw. Innenflachen fest angebracht annulaire espac6 du premier
6paulement annu-      sind und ansto~end einander anliegen, wenn lairs,
ledit deuxibme 6paulement annulaire pr6-   s  die Inneren und gu~eren
Rohrglieder durch die sentant une fente qul est form6e a travers lui
Nut-und-Nockenanordnung  In  verschiedene et qui est sensiblement alignee
avec la pre-      vorgew~hIte Axialstellungen zueinander geflhrt mibre
fente dudit premier epaulement annulal-     sind. re ; et dans lequel ledit
outil comprend de pref6rence en outre des quatrieme et clnquib-  to  4.
Anordnung nach Anspruch 1, 2 oder 3, da- me ergots de charge montes sur
lesdits pre-       durch gekennzeichnet, daB der zweite Bela- mier et
deuxieme elements telescoplques, res-     stungsansatz elne untere
Anschlagfiache zum pectivement, lesdits quatrieme et clnquleme
Anschlag an die Oberseite der rlngfdrmlgen ergots de charge definissant une
autre position   Schulter und eine obere Anschlagflache zum axiale relative
preselectionn6e desdits premier  t6  Anschlag an die Unterseite der
ringfdrmigen et deuxieme 616ments t6lescopiques loreque        Schulter
enth~ft. Iesdits quatribme et cinquieme ergots de char- ge butent l un
contre lPautre.                5. Anordnung nach Anspruch 1, dadurch
gekenn- zeichnet, daB die Nut-und-Nocken-FUhrungsan- Patentanspri-che
20      ordnung derart ausgebildet ist, daR w~hrend der FUhrung elne
gegenseitige Drehbewegung 1. Nut- und-Nocken-Ftlhrungsanordnung (64, 292,
der inneren und AuBeren, Ineinander ver- 320) zur Fuhrung ineinander und
zueinander in     schiebbaren Rohrglleder erzeugbar Ist, und eine
vorgewAhIte Axialstellung verschiebbarer     daR der zweite Ansatz so zu
dem Schlitz aus- innerer (58; 270) und AuBerer (18; 214) Rohr-  zs
richtbar Ist, das die inneren und Wuleren, in- glieder elnes
Bohrlochgerates (10; 210),          einander verschiebbaren Rohrglieder
mitteis der Nut-und-Nocken-FUhrungsanordnung zu- dadurch gekennzelchnet,
daR darin welter ent-     einander in sine Axialstellung auflerhalb der
halten sind: ain erster Belastungsansatz (154,    vorgew~hiten
Axialstellung fthrbar sind. 322), der sine im wesentlichen ringfdrmige   3o
Schulter aufweist, die fest an der radialen In-  S. Bohrlochgerat,
enthaltend erste (18, 214) und nenflache des auleren Rohrgiledes angebracht
zweite (58, 270) ineinander verschlebbare ist, und ain zweiter
Belastungsansatz (160,       Rohrgiieder; mit den ersten und zweiten inein-
336), der feet an der radialen Aulenfilche des    ander verschiebbaren
Rohrgliedern wirkverbun- Inneren Rohrgliedes angebracht ist, welche Be-  S5
dene Bewegungssteuermittei (64; 292, 320) zur lastungsansatze anstolend
einander anflegen,      Steuerung axialer Relativbewegung zwIschen wenn die
inneren und auleren Rohrglleder          den ersten und zwelten ineinander
verschieb- durch die Nutund-Nockenanordnung (64, 292,        baren
Rohrgliedern mit einer Nut (112; 300) in 320) In die vorgewfhite
Axialstellung gefuhrt     einem der ersten und zweiten Rohrglieder und
sind, und ein In der rlngffrmigen Schulter ent-  40  elnem FUhrungsnocken
(148; 320), der dem haltener Schlitz (154; 330, 332) auselchender
anderen der ersten und zwelten ineinander ver- Grdfle, der den Durchtritt
des zweiten Bela-     schiebbaren Rohrglieder zugeordnet und in der
stungsansatzes bei radialer Ausrichtung zwl-      Nut aufgenommen ist,
schen dem Schlitz und dem zwelten Bela- stungsansatz gestattet.
46       dadurch gekennzeichnet, daR das Bohrlochge- rit welter erste (156,
168; 342, 344) und zweite 2. Anordnung nach Anspruch 1, dadurch gekenn-
(164, 188; 338, 340) Anschlagflachen autweist, zeichnet, dafi darin welter
ein dritter Bela-     die dem ersten bzw. zweiten der Ineinander
stungsansatz enthalten ist, der an einem der      verschiebbaren
Rohrglieder zugeordnet sind, Rohrglieder zur anstolenden Anlage an alnem
6o  das die erste Anschlagfilche einen darin aus- der anderen
Belastungsansitze angebracht let,     gebildeten Schlitz (154; 330, 332)
enthalt, wenn die inneren und aufteren Rohrgiieder         durch den die
zweite Anschlagflache hindurch- durch die Nut-und-Nockenanordnung In eine
treten kann, wenn sie radial dazu ausgerichtet zweite vorgewhhte
Axialstellung zuelnander      ist, und daO die ersten und zweiten Rohrgile-
geflhrt sind.                             56      der, die
Bewegungssteuermittel und die ersten und zweiten Anschlagfl~chen derart
angeord- 3. Anordnung nach Anspruch 1, dadurch gekenn-        net und
ausgebildet sind, daB in eaner axialen zeichnet, daB die ineinander
verschlebbaren       Endstellung des FUhrungsnockens In einem 13
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zweiten Anschlagflache abstUtzend anliegt. um      dadurch gekennzeichnet,
daBl das Bohrlochge- zu verhindern, daB der Fihrungsnocken be-         rdt
weiter erste (154, 322) und zweite (160, deutende Aiaikr~fte auf die Nut
ausUbt.            336) Belastungsansatze autweist, die fest an 5      dem
ersten bzw. zweiten der ineinander ver- 7. Gerft nach Anspruch 6, dadurch
gekennzeich-         schiebbaren Glieder angebracht und gegen- net, daRl
die Nut obere und untere Flachen         Ober dem FUhrungsnocken und der
Nut posi- enthalt, an die der FOhrungsnocken annaher-       tioniert sind,
daB sle in der vorgewAhlten Axial- bar ist und die so vorgewghlten
Axialstellungen -  stellung der inneren und aufleren Glieder zu- der ersten
und zweiten ineinander verschieb-   10  einander anstofiend einander
anliegen, und baren Rohrgfieder zueinander bestimmen, und        dae  der
erste Belastungsansatz eine Rings- dae das Bohrlochgerat welter
zusatzliche, den      chulter mit einem durchgehenden Schlitz (154; ersten
und zweiten ineinander verschiebbaren       330, 332) ausreichender GrMle
fUr den Durch- Rohrgliedem   zugeordnete  Anschlagfilchen         tritt des
zweiten Belastungsansatzes autweist, aufweist, die derart angeordnet sind,
daB sie  i5  wenn der Schlitz und der zweite Belastungsan- einander
anliegen, wenn sich die ersten und        satz radial ausgerichtet sind.
zwelten Inehnander verachtebbaren Glieder sol- chen vorgewlhIten
Axialstellungen zueinander   10. GerAt nach Anspruch 9, dadurch
gakennzeich- nlhern, um zu verhindern, daB der Fthrungs-        net, daci
die Nut elnen zweiten, im wesentli- nocken bedeutende Axialkrafte auf die
oberen   20  chen axialen Schenkel enthlit, der esine zweite und unteren
Nutenflichen ausfbt.                   vorgewghlte AxIalstellung der ersten
und zwei- ten ineinander verschlebbaren Glieder be- a  Gerdit nach Anspruch
1, dadurch gekennzeich-        stimmt, wenn sich der FUhrungsnocken elnem
net, daR die erste Anschiagflache esine Selte      Ends des zweiten
Schenkeis nahert, dae das elner Ringschulter umfalt, an welcher der FUh-
26  Bohrlochgerat welter einen dritten Belastungs- rungsnocken angebracht
ist, daB vorzugsweise       ansatz enthait, der fest an elnem der ersten
die zweite AnschlagfIlche esine Kante elnes        und zweiten inelnander
verschlebbaren Glieder Belastungsansatzes umfaet und die Ringschul-
angebracht ist und in der zweiten vorgewlihiten ter den Schlitz enthalt,
durch den der Bela-       Axialstellung der ersten und zweiten ineinander
stungsansatz hindurchtreten kiann, wenn er  30     verschiebbaren Glleder
zueinander einem der dazu radial ausgerichtet ist, dafl das zweite der
anderen Belastungsansatze anstoBend anliegt, ineinander verschiebbaren
Glieder vorzugswel-      dafl das zwelte der Ineinander verschiebbaren se
gleitend In dem ersten der Ineinander ver-      Glieder vorzugsweise In dem
ersten der inein- schiebbaren Glieder aufgenommen Ist, dae die       ander
verschlebbaren Glieder aufgenommen zweite Anschlagfifche vorzugsweise eine
Kan-  35   lst, dacl das Bohrlochgerdt welter vorzugsweise te elnes
Belastungsansatzes umfaflt, der sich      eine zwelte Ringschulter im
Abstand von der von der radialen AuRienflache des zwelten der      ersten
Ringschulter mit elnem durchgehenden ;J      ineinander verschiebbaren
Glieder nach auSen        SchIltz enthalt, der zu dem Schlitz in der er-
erstrecikt, und dal die Ringschulter vorzugs-      sten Rlngschulter im
wesentlichen ausgerichtet weise den Schlitz enthait, durch den der Bela-
40  ist, und daBi das Gerit welter vorzugswelse stungsansatz hindurctreten
kann, wenn er           vierte und fUnfte Belastungsansitze enthallt, dazu
radial ausgerichtet ist.                      die am  ersten bzw. zweiten
der ineinander verschiebbaren Glieder angebracht sind und 9.
Bohrlochgerlit, enthaitend: erste (18, 214) und     eine weltere
vorgewdhite Axialstellung der er- zwelte (58, 270) Ineinander verachiebbare
Glie-  45  sten und zweiten Ineinander verschiebbaren der; elnen
F~hrungsnocken (148, 320), der fest     Glieder zuelnander bestimmen, wenn
die vier- an elnem der ersten und zwelten ineinander        ten und fOntlen
Belastungsansatze aneinander verschiebbaren Glleder angebracht Ist; eine
anstollen. Nut (112, 300), die in dem anderen der ersten und zweiten
ineinander verschiebbaren Glieder  s0 angeordnet ist und in welcher der
FUhrungs- nocken aufgenommen ist, welche Nut einen im wesentlichen axialen
Schenkel (120, 122; 302, 304) enthfit, der eine vorgewihite Axialstellung
der ersten und zweiten ineinander verschieb-  6s baren Glieder zueinander
bestimmt, wenri sich der FUhrungsnocken dem Ende dleses Schen- kels nihert,
14    


