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MULTIPLE WELL TOOL CONTROL SYSTEMS IN A MULTI-VALVE WELL TESTING SYSTEM HAVING AUTOMATIC CONTROL MODES



pressure, stored in a high pressure chamber, to ?ow to another section of the tool housing where an axially movable mandrel is positioned. The ?uid moves the mandrel from a



?rst position to a second position thereby opening another valve in the tool (for example, a test valve or a reversing valve). When the set of solenoids are energized in a second



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci? cation; matter printed in italics indicates the additions made by reissue.



predetermined manner, the hydraulic ?uid, stored in the other section of the tool housing, where the movable man drel is positioned, is allowed to drain from the housing to a separate dump chamber; as a result, the mandrel moves from



the second position to the ?rst position, thereby closing the



CROSS REFERENCE TO RELATED APPLICATIONS



other valve. In each case, the solenoids are responsive to an



output signal from the microcontroller, which is, in turn, responsive to an output signal from the sensor, which is, in turn, responsive to changes in other input stimuli, such as changes in pressure in the well annulus. The change in input stimuli is created and initiated, each time, by the operator at the well surface. Therefore, an opening or closing of the other valve in the tool is responsive, each time, to a stimulus



This application is a continuation-in-part of application Ser. No. 295,614 entitled “Multiple Well Tool Control Systems in a Multi-valve Well Testing System”, ?led 1/ 10/ 89, which application is a continuation in part of application Ser. No. 243,565 ?led Sept. 12, 1988, now US. Pat. No. 4,856,595, which is a divisional application of application Ser. No. 198,968 ?led May 26, 1988, US. Pat. No. 4,796, 699.



change signal (such as changes in downhole pressure) 20



BACKGROUND OF THE INVENTION



The subject matter of the present invention pertains to an automatic well tool control system, and, more particularly, to multiple well tool control systems in a multi-valve well testing system including a means for automatically control ling the well tool control systems in response to kickoff stimulus which may include a sensing of bottom hole pressure or a sensing of the output of a strain gauge



responsive to a set down weight of the well tool apparatus. Multi-valve well testing tools of the prior art such as the well testing tools disclosed in US. Pat. No. 4,553,589 entitled “Full Bore Sampler Valve Apparatus”, and in US. Pat. No. 4,576,234 entitled “Full Bore Sampler Valve”, are typically mechanical in nature in that one valve disposed in the tool is mechanically linked to another valve disposed in



25



of valves. In this case, two or more of the above well tool control systems and two or more corresponding valves would be embodied in a well testing tool. The two or more



of such well tool control systems would open and close the 30



or more separate valves. As a result, the operation of one 35



between two or more valves and a microcontroller. When 40



valves are mechanically linked together. Therefore, the operation of one valve is not independent of the operation of



ever a valve must be opened or closed, the operator must transmit an input stimulus into the borehole, such as a



pressure signal; the microcontroller generates its output signal in response to the input stimulus for energizing one of the control systems which then operates a particular valve. 45



However, when it is desired to operate two or more valves



in sequence, a separate input stimulus must be generated in



operations, embodying pressure controlled valve devices, is shown in application Ser. No. 198,968, ?led May 26, 1988,



the well testing system for each of the two or more valves.



If suitable microcode were provided in the microcontroller, a plurality of openings and closings of the two or more



now US. Pat. No. 4,796,699, entitled “Well Tool Control



System”, assigned to the assignee of this invention, the disclosure of which is incorporated by reference into the speci?cation of this application. In application Ser. No. 198,968 referenced hereinabove, a well testing tool is dis closed which is not totally mechanical in nature, rather, it



50



embodies a microelectronics package and a set of solenoids



55



responsive to the microelectronics package for opening or closing valve disposed in the tool. A set of solenoids embodied in the well tool of application Ser. No. 198,968 are energized by a microcontroller also embodied in the well tool, which microcontroller is responsive to an output signal



valve disposed in the tool would be performed totally independently of the operation of any other valve disposed in the tool. In the application Ser. No. 295,614, referenced above, a well testing system is disclosed including two or more well tool control systems interconnected respectively



the tool. If it is desired to open the one valve, an operator at



the other valve, and when one valve in the tool is opened, other valves disposed in the tool must be opened or closed in a speci?c predetermined sequence. A more recent and innovative apparatus for performing such well service



two or more valves in response to predetermined input



signals. An operator need only transmit into a borehole the two or more unique input signals corresponding to the two



the well surface, upon opening the one valve, must expect the other valve to be opened or closed as well since the two



transmitted into the borehole by the operator at the well surface. However, application Ser. No. 198,968 discloses a well testing tool which includes one well tool control system for controlling the closure state of one valve. The above referenced well testing tool could also contain a plurality of well tool control systems for opening and closing a plurality



valves in the tool could be accomplished automatically by the microcontroller upon execution of its own microcode in response to an initial kickoff stimulus generated in the well testing system, such as a sensing of a bottom hole pressure or a sensing of a strain gauge output sensitive to a set down



weight of the well testing tool in the borehole. SUMMARY OF THE INVENTION



60



from any type of sensor, such as a pressure transducer



Accordingly, it is a primary object of the present invention to automatically control the operation of multiple well tool control systems disposed in a well testing system by pro viding such control systems with a microcontroller including



embodied in the tool that further responds to changes in



a processor and a memory, the memory storing a set of



downhole pres sure created and initiated by an operator at the well surface. It is understood that the sensor may be respon sive to other stimuli than downhole pressure. The solenoids,



microcode which, when executed by the processor, auto



when energized in a ?rst predetermined manner, open and close a set of pilot valves that permit a hydraulic ?uid under



matically opens and closes a set of valves in the tool a 65



predetermined number of times, in a predetermined sequence, in response to a predetermined initial kickoff stimulus.
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embodiment presented hereinbeloW, and the accompanying draWings, Which are given by Way of illustration only and



It is a further object of the present invention to initiate execution of the microcontroller microcode in response to an



output signal from a pressure transducer, Which transducer



are not intended to be limitative of the present invention, and Wherein: FIG. 1 is a schematic vieW of a string of drill stem testing



senses a bottom hole pressure of the Well ?uids present in the Well annulus below a packer. It is a further object of the present invention to initiate execution of the microcontroller microcode in response to an output signal from a strain gauge, Which strain gauge senses,



tools positioned in a Well being tested; FIG. 2 is a schematic draWing of the hydraulic compo nents of the present invention; FIG. 3 is a block diagram of the control components used to operate the hydraulic system of FIG. 2;



for example, the set doWn Weight of the Well testing tool When situated in the borehole of an oil Well. It is a further object of the present invention to initiate execution of the microcontroller microcode in response to an output signal from a pressure transducer Which senses annulus pressure above the packer, or in response to an output signal from a timer Which counts doWn a predeter



FIG. 4 is a pressure time diagram to illustrate a command



signal comprising a sequence of loW level pressure pulses; FIGS. 5Ai5F are longitudinal sectional vieWs, With some



portions in side elevations, of a circulating valve component of a drill stem testing string (the upper portion of FIG. 5D being rotated With respect to the loWer portion thereof to shoW pressure passages in section);



mined time delay. These and other objects of the present invention are accomplished be designing a set of microcode for incorpo ration in a memory chip resident on a microcontroller chip



of multiple Well tool control systems disposed in a Well testing system. The microcontroller chip includes a proces sor portion and a memory chip, the novel microcode of the present invention being stored in the memory chip, such as a Read Only Memory (ROM). When an initial kickoff stimulus is received by the microcontroller chip, the pro cessor portion of the chip executes the microcode stored in the memory chip. During execution of the microcode, the



FIGS. 6 and 7 are transverse cross-sectional vieWs taken 20



FIG. 8 is a sectional vieW of a tool string component including a ball valve element Which can be used to control formation ?uid ?oW through a central passage of a housing 25



processor portion of the chip generates certain output signals Which cause other valves in the Well testing tool to open or



close. The kickoff stimulus may be either an output signal from a pressure transducer indicative of a bottom hole



30



pressure, in the Well annulus beloW the packer in the borehole, or indicative of annulus pressure above a packer,



FIG. 12 illustrates the block diagram of the control components of FIG. 3, modi?ed to energiZe the solenoids 35



?oW/shut-in test may be performed, or a test valve and 40



conditions, the measurements being made directly due to the automatic execution of a set of microcode resident in the



memory chip of a doWnhole microcontroller. Using this approach, there is no need to transmit signals from the



FIG. 15 illustrates a more detailed construction of the 45



sure to control the doWnhole tool, each time an operation is



50



senses an input stimulus comprising bottom hole pressure beloW a packer; FIG. 18 illustrates a vieW of a strain gauge Which senses



an input stimulus comprising a set doWn Weight or torque of



the tool When disposed in a particular position in a borehole; and



advantage in open-hole situations Where approximately 80% 55



FIG. 19 illustrates a How chart of the microcode resident



in the memory chip shoWn in FIG. 15.



become apparent from the detailed description presented hereinafter. It should be understood, hoWever, that the



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT



detailed description and the speci?c examples, While repre senting a preferred embodiment of the invention, are given by Way of illustration only, since various changes and



FIG. 16 illustrates a sketch of a typical bottom hole pressure vs time plot; and FIG. 17 illustrates a vieW of a pressure transducer Which



performed doWnhole. The changes for misrun caused by



of the test sequences are preset and in?exibly carried out). Further scope of applicability of the present invention Will



FIG. 13a illustrates a typical pressure time diagram asso ciated With one of the Well tool control systems disposed in the Well testing tool of FIGS. 9*14; and FIG. 14 including FIGS. 14a through 14d illustrates a Well testing tool Which embodies tWo valves that are connected to tWo corresponding Well tool control systems.



controller board 93 shoWn in FIG. 12;



surface, through the manipulation of pipe or annulus pres manipulation of the pipe or annulus pressure to control the test valve is greatly reduced. Furthermore, an exact preset test sequence may be completed and the chances for the commission of human error are greatly reduced (a distinct



associated With one set of valves as Well as the solenoids



associated With another set of valves of the Well testing tool;



portion generates the output signals in response to execution of its resident microcode of the present invention, a typical reversing valve may be opened and closed in an exact preprogrammed sequence. As a result, the results of a test may be based on direct measurements of existing doWnhole



in response to operation of the control system of FIG. 3; FIG. 9 illustrates the schematic vieW of a string of drill stem testing tools, of FIG. 1, modi?ed to include a test valve and a reversing valve; FIGS. 10*11 illustrate tWo respective Well tool control systems for controlling tWo corresponding valves shoWn in FIG. 9, each control system comprising the hydraulic com



ponents of FIG. 2;



or an output signal from a strain gauge indicative of a set



doWn Weight or a torque of the tool When the tool is disposed in a particular position in the borehole. When the processor



on lines 6i6 and 7i7, respectively, of FIG. 5D;



60



modi?cations Within the spirit and scope of the invention



The folloWing detailed description is divided into three parts: (1) part A entitled “Well Tool Control System” Which



Will become obvious to one skilled in the art from a reading



describes the Well tool control system as set forth in prior



of the folloWing detailed description.



pending application Ser. No. 243,565, ?led Sept. 12, 1988,



BRIEF DESCRIPTION OF THE DRAWINGS



A full understanding of the present invention Will be obtained from the detailed description of the preferred



65



now US. Pat. No. 4,856,595; assigned to the same assignee as that of the present invention, Which application Ser. No.



243,565 is incorporated herein by reference, application Ser. No. 243,565 being a divisional application of application
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Ser. No. 198,968, ?led May 26, 1988, noW U.S. Pat. No. 4,796,699, assigned to the same assignee as that of the



against the resistance afforded by the coil spring 32, and a release of such pressure Will enable the spring to shift the



mandrel upWard to its initial position. The reciprocating



present invention, Which application Ser. No. 198,968 is also incorporated herein by reference; (2) part B Which repre sents a continuation-in-part of prior pending application Ser. No. 243,565 referenced hereinabove in part A, and describes



movement of the mandrel 24 is employed, as Will be described subsequently, to actuate any one of a number of



different types of valve elements Which control the ?oW of ?uids either through the central passage 22 of the housing 21, or through one or more side ports through the Walls of



“multiple Well tool control systems in a multi-valve Well



testing system” as set forth in prior pending application Ser. No. 295,614 ?led 1/10/89, assigned to the same assignee as



the housing 21.



that of the present invention, Which application is incorpo rated herein by reference; and (3) part C Which represents a



42 that is ?lled With hydraulic oil. As Will be explained



The source of hydraulic ?uid under pressure is a chamber



beloW, the chamber 42 is pressurized by the hydrostatic



continuation-in-part of prior pending application Ser. No.



pressure of Well ?uids in the Well annulus 13 acting on a



295,614 referenced hereinabove in part B, and describes



?oating piston Which transmits such pressure to the oil. A



“multiple Well tool control systems in a multi-valve Well



line 43 from the chamber 42 leads to a ?rst solenoid valve



testing system having automatic control modes”, in accor dance With the present invention.



44 Which has a spring loaded, normally closed valve element 45 that engages a seat 46. Another line 47 leads from the seat 46 to a line 48 Which communicates With a ?rst pilot valve 50 that functions to control communication betWeen a



A. Well Tool Control System Referring initially to FIG. 1, a string of drill stem testing



tubing 11. The testing tools comprise a typical packer 12 that



hydraulic line 51 that connects With the actuator line 38 and a line 52 that also leads from the high pressure chamber 42. A second solenoid valve 53 Which also includes a spring



acts to isolate the Well interval being tested from the



loaded, normally closed valve element 54 engageable With



tools is shoWn suspended in Well bore 10 on drill pipe or



20



hydrostatic head of ?uids standing in the annulus space 13



a seat 55 is located in a line 56 that communicates betWeen



thereabove, and a main test valve assembly 14 that serves to permit or to prevent the ?oW of formation ?uids from the



the lines 47, 48 and a dump chamber 57 that initially is empty of liquids, and thus contains air at atmosphere [on] or other loW pressure. The pilot valve 50 includes a shuttle element 60 that carried seal rings 61, 62, and Which is urged toWard a



25



isolated interval into the pipe string 11. The main valve 14 is closed While the tools are being loWered, so that the



interior of the tubing provides a loW pressure region into Which formation ?uids can ?oW. After the packer 12 is set, the valve 14 is opened for a relatively short ?oW period of time during Which pressures in the Well bore are reduced.



position closing off the cylinder line 51 by a coil spring 63. 30



Then the valve 14 is closed for a longer ?oW period of time during Which pressure build-up in the shut-in Well bore is



open position as shoWn, hydraulic ?uid behind the shuttle 60 being alloWed to exhaust via the lines 48 and 56 to the loW



recorded. Other equipment components such as a jar and a



safety joint can be coupled betWeen the test valve 14 and the packer 12, but are not illustrated in the draWing because they are notoriously Well knoWn. A perforated tail pipe 15 is connected to the loWer end of the mandrel of the packer 12 to enable ?uids in the Well bore to enter the tool string, and typical inside and outside pressure recorders 16, 17 are provided for the acquisition of pressure data as the test



35



40



proceeds. A circulating valve 20 that has been chosen to illustrate the principles of the present invention is connected in the tool string above the main test valve assembly 14. As shoWn schematically in FIG. 2, the valve assembly 20 includes an elongated tubular housing 21 having a central ?oW passage 22. A valve actuator 23 is slidably mounted in the housing 21, and includes a mandrel 24 having a central passage 25 and an outWardly directed annular piston 26 that is sealed by a seal ring 28 With respect to a cylinder 27 in the housing 21. Additional seal rings 29, 30 are used to prevent leakage betWeen the cylinder 27 and the passage 22. The seal rings 29, 30 preferably engage on the same diameter so that the mandrel 24 is balanced With respect to ?uid pressures Within



pressure dump chamber 57. With the pilot valve 50 open, pressurized oil from the chamber 42 passes through the lines 52, 51 and 38 and into the cylinder region 36 above the actuator piston 26. The pressure of the oil, Which is approxi mately equal to hydrostatic pressure, forces the actuator mandrel 24 doWnWard against the bias of the coil spring 32. The hydraulic system as shoWn in FIG. 2 also includes a third, normally closed solenoid valve 65 located in a line 66 that extends from the chamber 42 to a line 67 Which communicates With the pressure side of a second pilot valve 68. The pilot valve 68 also includes a shuttle 70 that carries



45



50



seal rings 71, 72 and Which is urged toWard its closed position by a coil spring 74, Where the shuttle closes an exhaust line 73 that leads to the dump chamber 57. A fourth, normally closed solenoid valve 76 is located in a line 77 Which communicates betWeen the pressure line 67 of the pilot valve 68 and the dump chamber 57. The solenoid valve 76 includes a spring biased valve element 78 that coacts With a seat 79 to prevent ?oW toWard the dump chamber 57 via the line 77 in the closed position. In like manner, the third



solenoid valve 65 includes a spring-loaded, normally closed 55



the passageWay 22. A coil spring 32 located in the housing beloW the piston 26 reacts betWeen an upWardly facing



valve element 80 that coacts With a seat 81 to prevent ?oW



of oil from the high pressure chamber 42 via the line 66 to



the pilot input line 67 except When opened, as shoWn, by



surface 33 at the loWer end of the cylinder 27 and a



doWnWardly facing surface 34 of the piston 26. The spring 32 provides upWard force tending to shift the mandrel 24



HoWever When the second solenoid valve 53 is energiZed open by an electric current, the shuttle 60 Will shift to its



60



electric current supplied to its coil. When the solenoid valve 65 is open, oil under pressure supplied to the input side of the pilot valve 68 causes the shuttle 70 to close off the dump



upWardly relative to the housing 21. The annular area 35 in



line 73. Although high pressure also may be present in the



Which the spring 32 is positioned contains air at atmospheric



line 82 Which communicates the outer end of the shuttle 70 With the lines 51 and 38, the pressures in lines 67 and 82 are



or other loW pressure The cylinder area 36 above the piston 26 is communicated by a port 37 to a hydraulic line 38



through Which oil or other hydraulic ?uid is supplied under pressure. A su?icient pressure acting on the upper face 40 of the piston 26 Will cause the mandrel 24 to shift doWnWard



65



equal, Whereby the spring 74 maintains the shuttle closed across the line 73. Although functionally separate pilot valve has been shoW, it Will be recogniZed that a single three-Way pilot valve could be used.
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7 In order to permit the power spring 32 to shift the actuator



then released. Such time periods are illustrated as T-1 and



mandrel 24 upward from the position shoWn in FIG. 2, the



T-2 in the draWing. These discrete pressure pulses are separated by short time intervals as indicated, hoWever the lengths of such intervals are not signi?cant in the embodi ment shoWn. The levels of the applied pressure pulses are



?rst and fourth solenoid valves 44 and 76 are energized, and the second and third solenoid valves 53 and 65 simulta neously are de-energiZed. When this occurs, the solenoid valves 53 and 65 shift to their normally closed positions, and the valves 44 and 76 open. The opening of the valve element 45 permits pressures on opposite sides of the shuttle 60 to



relatively loW, and for example need not exceed 500 psi. The duration of the peak value T-1, T-2 of each pulse can be quite short, for example 30 seconds. HoWever unless and until the receiver 92 is provided With an output signal from the



equalize, Whereupon the shuttle 60 is shifted by its spring 63 to the position closing the cylinder line 51. The valve



transducer 95 that includes voltages that rise to a certain level and are maintained at that level for the prescribed time



element 54 of the solenoid valve 53 closes against the seat 55 to prevent pres sure in the chamber 42 from venting to the dump chamber 57 via the line 56. The closing of the valve element 80 and the opening of the valve element 78 com municates the pilot line 67 With the dump chamber 57 via line 77, so that high cylinder pressure in the lines 38 and 82 acts to force the shuttle 70 to shift against the bias of the spring 74 and to open up communication betWeen the lines



periods, the controller 93 does not provide outputs to the driver 94. In this Way, spurious or random pressure increases or changes that might occur as the tools are loWered, and the



like, are discriminated against, and do not trigger operation of the control system. A single pressure pulse P-1 could be used to trigger the controller 93, hoWever a requirement of



82 and 73. Thus hydraulic ?uid in the cylinder region 36 above the piston 26 is bled to the dump chamber 57 as the poWer spring 32 extends and forces the actuator mandrel



20



[20] 24 upWard to complete a cycle of doWnWard and upWard movement. The solenoid valves 44, 53, 65, and 76 can be selectively energiZed in pairs, as described above, to achieve additional cycles of actuator movement until all the hydraulic oil has been transferred from the chamber 42 to the dump chamber 57. Of course the actuator mandrel [20] 24 is maintained in either its upWard or its doWnWard position When all solenoid valves are de-energiZed. As Will be described beloW With reference to the various



valves are normally closed devices, With poWer being required only When they are energiZed and thus open. The 25



command signal having a knoWn signature has been sensed



30



noid valves, because the forces Which shift the actuator mandrel 24 are derived from either the difference in pres sure 35



The structural details of a circulating valve assembly 20 that is constructed in accordance With the invention are 40



One or more batteries 90 feed a poWer supply board 91 45



driver board 94. The command signal applied at the surface to the Well annulus 13 is sensed by a transducer 95, Which supplies an electrical signal representative thereof to the receiver board 92. The receiver board 92 functions to convert a loW level electrical signal from the transducer 95 into an electrical signal of a certain format, Which can be



50



signals representing the command signature are present in 55



105 to the upper end of a tubular dump chamber member 106. The member 106 is threadedly connected to a tubular



108, and the loWer end of the member 107 is threaded at 109 (FIG. 5D) to the upper end of a pilot and solenoid valve sub 110. The sub 110 is threaded to another tubular member 111 (FIG. 5E) Which houses the pressure transducer 95, as Well as all the various circuit boards discussed above in connec



tion With FIG. 3. Finally the member 111 has its loWer end threaded at 112 to the upper end of a battery carrier sub 113



solenoid valves 43, 53, 65, and 76, the pairs being indicated



pressure pulse being applied for a de?nite time period, and



one or more circulating ports 102 that extend through the Wall thereof. Threads 103 at the upper end of the sub 101 are used to connect the housing 100 to the loWer end of the



oil chamber member 107 (FIG. 5C) by an adapter sleeve



or not at least one, and preferably tWo or more, electrical



schematically as SV-1 and SV-2 in the draWing. FIG. 4 is a pressure-time diagram Which illustrates one embodiment of command signal Which Will initiate valve operation. As shoWn, the signal is in the form of a series of loW level pressure pulses P-1, P-2. The pressure pulses P-1 and P-2 are applied at the surface to the ?uids standing in the Well annulus 13 via the line 18 as shoWn in FIG. 1, With each



shoWn in detail in FIGS. 5Ai5F. The circulating valve assembly 20 includes an elongated tubular housing, indi cated generally at 100, comprising an upper sub 101 having



tubing 11, or to another tool string component thereabove. The upper sub 101 is threaded at 99 (FIG. SE) to the upper end of an adapter sleeve 104, Which is, in turn, threaded at



interrogated by the controller board 93 to determine Whether the output of the sensor 95. If, and only if, such is the case, controller board 93 supplies an output signal Which triggers operation of the driver board [99] 94 Which enables the driver to supply electric current to selected pairs of the



betWeen hydrostatic and dump chamber pressures, or the output of the spring 32. Thus the current drain on the batteries 90 is quite loW, so that the system Will remain



operational for extremely long periods of doWnhole time



Walls of the housing 21 of the circulating valve 20, as Will be explained subsequently in connection With FIGS. 5Ai5F. Which provides electrical poWer output to a command receiver board 92, a controller board 93 and a solenoid



In all events, the only electrical poWer required is that necessary to poWer the circuit boards and to energiZe sole



A control system for selectively energiZing the solenoid valves 43, 53, 65 and 76 is shoWn schematically in FIG. 3 by Way of a functional block diagram. The various compo nents illustrated in the block diagram are all mounted in the



controller board 93 does not provide an output unless its interrogation of the output of receiver 92 indicates that a by the transducer 95. Then of course the driver 94 does not provide current output to a selected pair of the solenoid valves unless signalled to do so by the controller board 93.



draWings Which constitute FIG. 5, Working medium under pressure can be supplied to the region 35 beloW the piston 26 to force upWard movement of the actuator mandrel 24. In that event the spring 32 need not be used, and another set of pilot valves and solenoid valves as shoWn in FIG. 2 could be used.



a series of at least tWo such pulses is preferred. It Will be recogniZed that a number of features of the present invention described thus far coact to limit poWer requirements to a minimum. For example, the solenoid



Which houses one or more batteries 90 in suitable recesses 60



114 in the Walls thereof. The loWer end of the battery sub 113



has pin threads 115 (FIG. 5F) by Which the loWer end of the housing 100 can be connected to, for example, the upper end of the main tester valve assembly 14. 65



Referring again to FIGS. 5A and 5B, the upper housing sub 101 is provided With stepped diameter internal surfaces that de?ne a central passage 22, a seal bore 117, and a cylinder bore 118. An actuator mandrel 24 having an out
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Wardly directed piston section 26 is slidably disposed Within



110, and inner and outer seal rings 155, 154 prevent ?uid



the sub 101, and carries seal rings 30, 28 and 29 Which seal, respectively, against the seal bore 117, the cylinder Wall 118



leakage. The chamber 42 is ?lled at the surface With a suitable hydraulic oil, and as the tools are loWered into a



and a loWer seal bore 120 that is formed in the upper end



?uid-?lled Well bore, the piston 150 transmits the hydro



portion of the adaptor 104. The diameters of sealing engage



static pressure of Well ?uids to the oil in the chamber 42,



ment of the rings 30 and 29 preferably are identical, so that the mandrel 24 is balanced With respect to internal ?uid pressures. An oil passage 37 leads via a port 122 to the



Whereby the oil alWays has a pressure substantially equal to such hydrostatic pressure. The dump chamber 57, on the other hand, initially contains air at atmospheric or other relatively loW pressure. The difference in such pressures



cylinder region 36 above the piston 26, and is communicated by ports 123 to a continuing passage 37A that extends



therefore is available to generate forces Which cause the valve actuator mandrel 24 to be shifted vertically in either direction, as Will be described in more detail beloW. As shoWn in FIG. 5D, the passage 37E crosses inWard at ports 160 Which are sealed by rings 161 to a vertical passage 82 that extends doWnWard in the valve sub 110, and Which intersects a transverse bore 165 that is formed in the Wall of



doWnWard in the adapter sub 104. Seals 124 prevent leakage at the ports 123, as Well as past the threads 99. In the embodiment shoWn in FIG. 2, doWnWard force on



the mandrel 24 is developed by pressurized oil in the



cylinder region 36, With upWard force being applied by the spring 32 Which is located in an atmospheric chamber 35. In the embodiment shoWn in FIGS. 5Ai5F, upWard force on



the mandrel 24 also is developed by pressurized oil Which is selectively applied to a cylinder region 126 beloW the piston 26. Of course both embodiments are Within the scope of the



20



present invention. Where pressurized oil is employed to develop force in each longitudinal direction, another oil passage 125 extends from the cylinder region 126 beloW the piston 26 doWnWard in the adapter sub 104, as shoWn in solid and phantom lines on the left side of FIG. 5B. Although not explained in detail, the structure for extending the passage 125 doWnWard in the housing 100 to the control valve sub is essentially identical to that Which is described respecting the passage 37.



the sub 110. The bore 165 receives the pilot valve assembly 68 that has been described generally With reference to FIG. 2. As shoWn in detail in FIG. 6, the assembly 68 includes a cylinder sleeve 166 having an outer closed end 167. The cylinder sleeve 166 has an external annular recess 168 that communicates With the passage 67, and ports 169 to com municate the recess With the interior bore 170 of the sleeve.



25



Seal rings are provided as shoWn to seal the cylinder sleeve 166 With respect to the bore 165. A cup-shaped shuttle piston 172 having a closed outer end 173 is sealingly slidable With respect to the cylinder sleeve 166, and a coil spring 174 urges the piston 172 outWardly of the sleeve 166. A tubular insert 175 Which is threaded into the bore 165 in order to



The oil passage 37A crosses over at ports 126 to another 30 hold the cylinder sleeve 166 in place has an external annular



passage 37B Which is formed in the upper section 128 of a



transfer tube 130. The section 128 carries seal rings 131*133 to prevent ?uid leakage, and the loWer end of the passage 37B is connected to a length of small diameter patch tubing 134 Which extends doWnWard through an elongated annular cavity 57 formed betWeen the outer Wall of the transfer tube 130 and the inner Wall of the chamber sub 106. The cavity 57 forms the loW pressure dump chamber described above



recess 176 and ports 177 that communicate the body passage 82 With the interior of the insert 175. The outer end of the insert 175 is closed by a sealed plug 178. Various seal rings are provided, as shoWn, to seal the insert 175 With respect to 35



by a coil spring 181. The sleeve 180 has a hole 182 as shoWn



With reference to FIG. 2 and can have a relatively large



volume, for example 150 cubic inches in the embodiment shoWn. The loWer end of the patch tube 134 connects With a vertical passage 37C (FIG. SC) in the loWer section 136 of



to permit free ?oW of oil. The leading purpose of the sleeve 40



180 is to cover the 0-ring 183 and keep it in its groove as the piston 172 moves rearWard into the cylinder space 170. The inner end portion of the cylinder sleeve 166 can be slotted at 184 to permit free ?oW of oil through the passage 73 When the piston 172 moves from its closed position, as shoWn, to



45



its open position Where it is telescoped into the cylinder bore



the transfer tube 130, Which crosses out again at por‘ts 139 Which are suitably sealed as shoWn, to a passage 37D Which



extends doWnWard in the adapter sub 108. Near the loWer end of the sub 108, the passage crosses out again at ports 137 to an oil passage 37E Which extends doWnWards in the Wall of the oil chamber sub 107.



An elongated tube 140 is positioned concentrically Within the sub 107 and arranged such that another elongated annular cavity 42 is formed betWeen the outer Wall surface of the tube and the inner Wall surface of the sub. The cavity 42 forms the high pressure oil chamber shoWn schematically in FIG. [3] 2, and also can have a volume in the neighbor hood of 150 cubic inches. Outer seal rings 143*146 seal against the chamber sub 108 adjacent the ports 137, and inner seal rings 147 seal against the upper end section of the



170. The passage 73 is extended upWard Within the Walls of the various component parts of the housing 100 to a location Where its upper end opens into the dump chamber 57. This structure is not shoWn, but is similar to the manner in Which 50



55



tube 140.



A hydrostatic pressure transfer piston 150 in the form of a ring member that carries inner and outer seals 156, 157 is



60



slidably mounted Within the annular chamber 42, and is located at the upper end thereof When the chamber is full of



the loWer end of the chamber 42 is de?ned by the upper face of the upper section 153 of a pilot and solenoid valve sub



the passage 37 is formed, except for being angularly o?‘set therefrom. The other pilot valve assembly 50 described generally With reference to FIG. 2 is mounted in another transverse bore 185 in the Wall of the valve sub 110 at the same level as the pilot assembly 68 as shoWn in FIG. 6. Since the assembly 50 is structurally identical to the assem



bly 68, a detailed description of the various parts thereof are not repeated to simplify the disclosure. The various passages Which intersect the bore 185 are the cylinder passage 51, the supply passage 52 and the pilot pressure port 48. The pair of solenoid valves 65 and 76 that are operatively associated With the pilot valve 68 are mounted in transverse bores 190 and 205 in the Wall of the sub 110 as shoWn in FIG. 7. The valve assembly 65 includes a sealed plug 191



oil. The region 151 above the piston 150 is placed in communication With the Well annulus outside the housing 100 by one or more radial ports 152. As shoWn in FIG. 5D,



the bore 165, and the inner end portion thereof With respect to the piston 172. A seal protector sleeve 180 is slidably mounted in the insert 175 and is urged toWard the piston 172



that is threaded into the bore 190 as shoWn, the plug carrying 65



an annular seat member 192 having a central port 193. The



bore 194 of the plug 191 doWnstream of the port 193 is communicated by a passage 195 With an external annular
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