
3,419,075 N. F., BROWN Dec. 31, 1968 
WELL COOLS 

of 20 . Sheet Filed June 27, 1966 

INVENTOR 
Norn On F. Brown 

BY 

% |23 

zh bzzzzzzzzzz-zzzzzzzzzzzzzzzzzzzzzzzazzzzzzzzzzzz! 
? 

    

  

  

  

  

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOLS 

Filed June 27, 1966 Sheet a of 20 
?O2 

Ynom YHM 

2// 
2 

INVENTOR 
Norm on F. Brown 

// 

  

  

      

  

  

    

    

    

  

  

  

  

  

  

  

  

  

  

  

  

  



3,419,075 N. F. BROWN Dec. 31, 1968 
WELL TOOLS 

Filed June 27, 1966 

INVENTOR 

Norn On F. Brown Fig.6 A 

  

  

  

  

  

  
  

  

  

  

  

  

  





Dec. 31, 1968 N. F. BROWN 3,419,075 
m WELL TOOLS 

Fied June 27, l966 Sheet 5 of 20 

2 E 
456 

Maa Aa 

INVENTOR 

Norman F. Brown 

( 

  

  

  

  

  

  

  

  



Dec. 31, 1968 

Filed June 27, 1966 

??2? 

N. F. BROWN 

WELL TOOLS 

3,419,075 

Fig.7E. 
INVENTOR 

Norn on F. Brown 

  

    

  

  

  

  

  



Dec. 31, 1968 N. F. Brown 
WELL TOOLS 

Filed June 27, 1966 

YG-3 l l 1A an 

N 

3,419,075 

Sheet 7 of 20 

?25 

34/ 

324? 

Fig. 7 I 

INVENTOR 

Norman F. Brown 

  

  

  

  

  

  

  

  

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOLS 

Filed June 27, 1966 
  





Dec. 31, 1968 

Filed June 27, 1966 

V SNE 

NI NA 
TS 

20 

732 
751. 

s 
s 

N t 

wY ?N 

N. F. BROWN 
WELL TOOLS 

3,419,075 

Sheet MO of 20 

YAN 

R s ?? s 
L 

Fig.9 G 
NORMAN F. BRSVRº 

ATTORNEY 

  

    

  



Dec. 31, 1968 

Filed June 27, 1966 

N. F. BROWN 3,419,075 
WELL TOOLS 

Sheet // of 20 

N 

INVENTOR 

NORMAN F BROWN 

ATTORNEYS 

  

    

  

  

    

  

  

  

  

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOLS 

Filed June 27, 1966 Sheet /2 of 20 

  



Dec. 31, 1968 

Fied June 27, 1966 

N. F. BROWN 3,419,075 
WELL TOOLS 

INVENTOR 

NOrmon F. Brown 

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOLS 

Fied June 27, 1966 Sheet A of 20 
MOOO 

Fig. 2A 
INVENTOR 

Norrin On F. Brown 
??? . (- 

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOLS 

Filed June 27, 1966 Sheet /5 of 20 

1069 

INVENTOR 
Norn On F. Brown 

  



Dec. 31, 1968 N. F., BROWN 3,49,075 
WELL TOOLS 

Filed June 27, 1966 Sheet /6 of 20 
T 

2. N //535 1/53 ????? 

l?sy 

//??2 

? 1750 MI (1~eo?4 
(1 ? 

//492 

1149 

& 
as2 3. NN N 

122 A 2 9 

Fig. 3 

INVENTOR 

Norm on F. Brown 

  

  

  

  

  

  

  

    

    

    

  

  

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOS 

Filed June 27, 1966 

INVENTOR 

Norman F. Brown 

  



Dec. 31, 1968 N. F. BROWN 3,419,075 
WELL TOOLS 

Filed June 27, 1966 Sheet /8 of 20 

t 

, . 1820 

s 2 
1654 

t ( 
I Se Fig.6 B INVENTOR 

1624 Norman F. Brown 

-a-l/a>H-? „á ??? ; 
Fig.16 A ???????, ATTORNEY 

  

    

  

  

  

  

  

  

    

  

  

  

  



3,419,075 N. F. BROWN Dec. 31, 1968 
WELL TOOLS 

? 2O Sheet /9 Filed June 27, 1966 

INVENTOR 
Norm. On F. Brown 

ATTORNEY 

ig. 7B 

183? ?__ 
  

  

      

  

  

  

  

  

  



Dec. 31, 1968 N. F., BROWN 3,419,075 
WELL TOOLS 

Fied June 27, 1966 Sheet 20 of 20, 

s å 

INVENTOR 

Norman F. Brown 

    

  

  

  

  

  

  

  



United States Patent Office 3,419,075 
Patented Dec. 31, 1968 

3,419,075 
WELL TOOLS 

Norman F. Brown, Dallas, Tex., assignor to Otis Engi 
neering Corporation, Dallas, Tex., a corporation of 
Delaware 
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June 10, 1966. This application June 27, 1966, Ser. No. 
560,623 

65 Claims. (CI. 166-46) 

ABSTRACT OF THE DISCLOSURE 
Apparatus operable in a flow conductor by fluid pres 

Sure for actuating movable members in said conductor, 
including engaging means for engaging said movable 
members, means for controlling actuation of said engag 
ing means, means for detecting movement of said mov 
able members and means for disengaging said engaging 
means from said movable members; movable means com 
prising slidable sleeve valve means controlling lateral 
port means; and a train of tools for operating said engag 
ing means for actuating said movable means. 

This application is a continuation-in-part of my appli 
cation, Ser. No. 556,594, filed June 10, 1966 and entitled 
We Tools. 

This invention relates to well tools and more partic 
ularly relates to methods and apparatus for operating 
operator means included in a flow conductor. 

It is one object of my invention to provide a new and 
improved method and apparatus for operating operator 
means in a flow conductor. 

It is one object of the invention to provide new and 
improved methods and apparatus for remote operation 
of flow control devices included in a flow conductor. 

It is a particularly important object of the invention 
to provide new and improved methods and apparatus for 
the remote opening and closing of sliding sleeve valves 
included in a flow conductor. 

It is a further object of the invention to provide 
methods and apparatus for moving sliding sleeve valves 
in a flow conductor between selected positions. 

It is another object of the invention to provide methods 
and apparatus for sequentially moving each sliding sleeve 
valve in a flow conductor from a first to a second poli 
tion. 

It is another object of the invention to provide methods 
and apparatus for sequentially moving each sliding sleeve 
valve in a flow conductor from a second back to a first 
position. 

It is another object of the invention to provide methods 
and apparatus for sequentially moving each sliding sleeve 
valve in a flow conductor from a first to a second po?ition 
and subsequently sequentially moving each of such slid 
ing sleeve valves from the second back to the first posi 
tion. 

It is another object of the invention to provide methods 
and apparatus for moving selected sliding sleeve valves 
included in a flow conductor from one position to an 
other position. 

It is another object of the invention to provide methods 
and apparatus for moving selected sliding sleeve valves 
in a flow conductor between first and second positions 
and between the second and first positions. 

It is another object of the invention to provide a sleeve 
shifting assembly for moving a sliding sleeve in a sleeve 
valve of a flow conductor from one position to another 
position including sleeve shifting keys for radial expan 
sion into engagement with the sliding sleeve, key opera 
tors for retracting the keys radially inwardly and for 
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2 
releasing the keys for radial expansion, a spring loaded 
push rod for moving the key operators in one direction 
to retract the keys radially inwardly, a slider assembly 
for moving the key operators in an opposite direction 
for releasing the sleeve shifting keys for radial expansion, 
a trigger assembly for locking the slider at one position 
against the push rod spring to hold the key operators 
at a key releasing position, and a feeler member operably 
connected with the trigger assembly for activating the 
trigger assembly to release the slider for retracting the 
sleeve shifting keys inwardly when the feeler is received 
within a recess of a sliding sleeve shifted by the sleeve 
shifting assembly. 

It is another object of the invention to provide a 
sleeve shifting assembly having a slider for controlling 
the expansion and contraction of the sleeve shifting keys 
and the feeler of the monitor unit of the assembly, the 
slider being activated by compressive forces applied to 
opposite ends of the assembly. 

It is still a further object of the invention to provide a 
sleeve shifting a?sembly having a slider for controlling 
expansion and contraction of the sleeve shifting keys and 
a monitor unit feeler of the assembly, the slider being 
activated by application of tension forces to opposite 
ends of the sleeve shifting assembly. 

It is still a further object of the invention to provide 
sleeve shifting assemblies for moving sliding sleeves and 
sleeve valves of a flow conductor in first directions and 
in second directions, such sleeve shifting assemblies hav 
ing means whereby they are disengageable from a sliding 
sleeve in the event of malfunctioning of either the sleeve 
or the sleeve shifting assembly which prevents normal 
expansion of the operator spring of the assembly to effect 
release of the sleeve shifting keys of the assembly from 
the sleeve. 

It is another object of the invention to provide a tool 
train adapted to be pumped between first and Second ends 
of a flow conductor for moving sliding sleeve valves in 
the conductor toward the second end of the conduit. 

It is another object of the invention to provide a 
tool train adapted to be pumped between first and second 
ends of a flow conductor for moving sliding sleeve valves 
in the conductor toward its first end. 

It is another object of the invention to provide a tool 
train adapted to be pumped between first and Second 
ends of a flow conductor for moving sliding sleeve valves 
in the flow conductor toward the second end of the con 
ductor during movement of the tool train toward such 
second end and for moving the sliding sleeve Valves to 
ward the first end of the conductor during return move 
ment of the tool train. 

It is another object of the invention to provide a tool 
train adapted to be pumped between first and second 
ends of a flow conductor for shifting selected sleeve 
valves in the flow conductor toward its first end. 

It is another object of the invention to provide a pump 
able tool train for shifting sliding sleeve valves in a flow 
conductor from first to second positions including a 
piston propulsion unit, a sleeve shifting assembly having 
a sleeve shifting unit and a monitor unit for releasing 
the assembly from a sliding sleeve, and a detent unit for 
releasably engaging the tool train with a sliding sleeve 
while activating the sleeve shifting assembly. 

It is another object of the invention to provide a 
pumpable tool train for moving each of the sliding sleeve 
valves included in a flow conductor from second back to 
first positions comprising a piston propulsion unit, a 
detent unit for releasably engaging the tool train with 
a sliding sleeve valve, a sleeve shifting assembly for 
moving each sliding sleeve valve from its second to its 
first position including a sleeve shifting unit and a 
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monitor unit for releasing the shifting assembly from 
each sliding sleeve. 

It is another object of the invention to provide a tool 
train for shifting each sliding sleeve in a flow conductor 
from its upper to its lower position during movement of 
the tool train toward the lower end of the flow conductor 
and for sequentially shifting each of the sliding sleeves 
from its lower back to its upper position during the 
return of the tool train toward the upper end of the flow 
conductor, comprising an upper piston propulsion unit, 
a sleeve-shifting assembly for engaging and moving each 
sliding sleeve from its upper to its lower position, a 
detent unit, a sleeve-shifting assembly for moving each 
sliding sleeve from its lower to its upper position, and 
a lower piston propulsion unit, 

It is another object of the invention to provide a tool 
train for shifting selected sliding sleeves in a flow con 
ductor from their lower to their upper end positions, 
comprising an upper piston propulsion unit, a detent 
unit, a sleeve-shifting assembly adapted to be activated 
responsive to tension forces applied to opposite ends of 
the assembly for shifting selected sliding sleeves from 
their lower to their upper end positions, and a lower 
piston propulsion unit. 

It is another object of the invention to provide a pump 
able tool train for shifting sliding sleeve valves in a flow 
conductor from their upper end to their lower end posi 
tions and for shifting selected ones of such sliding sleeve 
valves back from their lower end to their upper end posi 
tions comprising an upper piston propulsion unit, an 
upper detent unit, a sliding sleeve valve shifting assembly 
adapted activated responsive to tension loading applied 
to opposite ends of the assembly for moving selected slid 
ing sleeves in a flow conductor from lower to upper posi 
tions, a lower piston propulsion unit, a sliding sleeve 
valve shifting assembly activated responsive to compres 
sive forces applied to opposite ends of the assembly for 
moving the sliding valves in the flow conductor from 
upper to lower end positions, and a lower detent unit. 
The invention is therefore directed toward apparatus 

for moving members in a flow conductor by fluid pres 
sure operation, including a tool train comprising a shift 
ing tool means, propulsion means, detecting means coact 
ing with said shifting tool means for controlling actuation 
thereof, and movable members comprising slidable sleeve 
valve means. 

Additional objects and advantages of the invention 
will be readily apparent from the reading of the following 
description of a device constructed in accordance with 
the invention, and reference to the accompanying draw 
ings thereof, wherein: 
FIGURE 1 is a schematic view partially in Section and 

partially in elevation illustrating a pumpable tool train 
for shifting all of the sliding sleeve valves in a flow con 
ductor from first to second positions; 
FIGURE 2 is a schematic view similar to FIGURE 1 

showing a tool train for shifting all of the sliding sleeve 
valves in a flow conductor from second back to first 
upper position; 
FIGURE 3 is a schematic view similar to FIGURE 1 

illustrating a tool train for shifting each of the sliding 
sleeve valves in a flow conductor from first to Second 
positions during movement of the tool train toward the 
second end of the flow conductor and for shifting each 
of the sleeve valves from its second back to its first posi 
tion during return of the tool train from the second end 
of the flow conductor back to its first end; 
FIGURE 4 is a schematic view similar to FIGURE 1 

showing a tool train for shifting only selected sliding 
sleeve valves in a flow conductor from their second back 
to their first positions; 
FIGURE 5 is a schematic view Similar to FIGURE 1 

illustrating a tool train for shifting all sliding sleeve 
valves in a flow conductor from their first to their second 
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positions and for shifting selected sliding sleeve valves 
only back to their first positions; 
FIGURES 6-10 taken together illustrate in detail the 

structure of the tool train shown schematically in FIG 
URE 1; 
FIGURE 6 is a longitudinal view partially in section 

and partially in elevation of a piston propulsion unit and 
a coupler used to connect it in the tool train of FIG 
URES 6-10; 
FIGURE 6A is a view partially in section and partially 

in elevation of the valve assembly of the piston unit of 
FIGURE 6 at its closed position; 
FIGURE 6B is a view similar to FIGURE 6A showing 

the valve assembly moved to its full open position against 
a lower spring guide; 
FIGURE 6C is a view in perspective of the valve as 

sembly shown in FIGURES 6A and 6B; 
FIGURE 6D is a view in perspective of one of the 

valve spring guides of the piston unit of FIGURE 6; 
FIGURE 6E is a side view in elevation of one of the 

couplers used for interconnecting the various functional 
units of the tool train, the coupler being shown in its 
locked position; 
FIGURE 6F is a side view in elevation of the coupler 

of FIGURE 6E with the coupler members displaced 
longitudinally relative to each other and one set of adja 
cent end sections compressed laterally toward each other 
for insertion into a locking socket on one of the units of 
the tool train; 
FIGURE 6G is an exploded view in perspective of 

the pair of mating coupler components illustrating the 
longitudinal boss along one of the components and the 
longitudinal recess along the other of the components; 
FIGURE 7 is a view partially in section and partially 

in elevation of the monitor unit of the down-shift assem 
bly of the tool train in its deactivated condition; 
FIGURE 7A is a view similar to FIGURE 7 of the 

monitor unit in activated condition with its feeler laterally 
eXpanded; 
FIGURE 7B is a side view in cross section of the 

trigger housing of the monitor unit; 
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FIGURE 7C is a front view in elevation of the trigger 
housing of FIGURE 7B; 
FIGURE 7D is a side view in elevation of the trigger 

housing of the monitor unit; 
FIGURE 7E is a front view in elevation of the trigger 

of the monitor unit of FIGURE 7; 
FIGURE 7F is a side view in elevation of the feeler 

member of the monitor unit of FIGURE 7; 
FIGURE 7G is a front view in elevation of the feeler 

member of FIGURE 7F: 
FIGURE 7H is a side view in elevation of the slider 

of the monitor unit of FIGURE 7; 
FIGURE 7 is a front view in elevation of the slider 

of FIGURE 7H; 
FIGURE 8 is a view partially in elevation and partially 

in section of the sleeve shifting unit of the down-shift 
assembly of the tool train showing the sleeve shifting 
keys of the unit in their retracted positions; 
FIGURE 8A is a view similar to FIGURE 8 showing 

the sleeve shifting unit of the down-shift assembly with 
its sleeve shifting keys expanded; 
FIGURE 8B is an exploded view in perspective of 

the ball link, key retractors, and shifting keys of the 
sleeve shifting unit of the down-shift assembly shown 
in FIGURES 8 and 8A: 
FIGURE 9 is a view partially in elevation and partially 

in section of the upper end and central sections of the 
pressure signal generator or detent unit of the tool train 
with its locking dogs in activated or expanded position; 
FIGURE 9A is a view partially in section and partially 

in elevation of the upper end and central sections of 
the detent unit along a plane at a 90 degree angle with 
the view of FIGURE 8; 
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FIGURE 9B is a view similar to FIGURE 9A of the 
lower end section of the detent unit; 
FIGURE 9C is a view in cross-section along the lines 

9C-9C of FIGURE 9A; 
FIGURE 9D is a cross sectional view along the line 

9D-9D of FIGURE 9B; 
FIGURE 9E is a view in cross-section along the line 

9E-9E of FIGURE 9B; 
FIGURE 9F is a view in section along the line 9F-9F 

of FIGURE 9; 
FIGURE 9G is a view in section along the line 

9G-9G of FIGURE 9; 
FIGURE 9H is an exploded perspective view of the 

mandrel and locking dogs of the detent unit; 
FIGURE 9I is a perspective view of the trigger link 

of the detent unit; 
FIGURE 9J is a perspective view of the control sleeve 

assembly of the detent unit; 
FIGURE 9K is a fragmentary view in perspective of 

the control rod of the detent unit; 
FIGURE 9L is a perspective view of the trigger plate 

of the detent unit; 
FIGURE 10 is a fragmentary view partially in eleva 

tionand partially in section of the lower end section of 
the detent unit; 
FIGURES 11-13 taken together constitute a detailed 

longitudinal view of a sleeve-shifting assembly adapted 
for compression activation to shift all the sliding sleeves 
in a flow conductor upwardly or from second back to 
first positions and also showing the assembly coupled 
with a lower piston propulsion unit; 
FIGURE 11 is a view partially in section and partially 

in elevation of the sleeve shifting unit of the up-shift 
assembly of the tool train; 
FIGURE 11A is a view partially in section and par- : 

tially in elevation illustrating the sleeve shifting unit in 
its activated condition with its sleeve shifting keys 
expanded; 
FIGURE 11B is an exploded view in perspective of 

the key retractors, the sleeve shifting keys, and a split 
sleeve engageable with the key retractors of the sleeve 
shifting unit; 
FIGURE 12 is a view partially in section and par 

tially in elevation of the monitor unit of the up-shiff 
assembly; 
FIGURE 12A is a view partially in elevation and, 

partially in section of the monitor unit in activated cinn 
dition with its feeler expanded; 
FIGURE 12B is a side view in elevation of the slider 

member of the up-shift assembly; 
FIGURE 12C is a front view in elevation of the slider 

member of FIGURE 12B; 
FIGURE 12D is a side view in section of the trigger 

housing of the monitor unit; 
FIGURE 12E is a front view in elevation of the trigger 

housing; 
FIGURE 12F is a front view in elevation of the 

trigger of the monitor unit; 
FIGURE 12G is a side view in elevation of the feeler 

member of the monitor unit; 
FIGURE 12H is a top end view in elevation of the 

feeler member; 
FIGURE 12I is a side view in elevation of a spring 

anchor of the monitor unit for holding one end of the 
feeler member biasing springs; 
FIGURE 12J is a front view in elevation of the spring 

anchor of FIGURE 12; - 
FIGURE 13 is a fragmentary longitudinal view par 

tially in section and partially in elevation showing a 
portion of a lower piston unit connected with the up-shift 
assembly; 
FIGURE 14 is a longitudinal fragmentary view in 

section showing opposite end portions of a modified form 
of sleeve valve up-shift assembly adapted for activation 
by tension forces applied to opposite ends of the assembly; 
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6 
FIGURE 15 is a view similar to FIGURE 14 illus 

trating a lower portion of a further form of sleeve up-shift 
assembly; 
FIGURES 16A-16B taken together constitute a view 

partially in section and partially in elevation of an open 
sliding sleeve valve of the type operable by the tool trains 
of the invention; 
FIGURES 17 A-17B are views similar to FIGURES 

16A-16B showing the sliding sleeve valve closed; 
FIGURE 18 is a fragmentary longitudinal view in 

Section showing opposite end portions of a down-shift 
assembly used in the tool train shown in FIGURE 21; 
FIGURE 19 is a fragmentary view partially in section 

and partially in elevation of an end portion of the slider 
used in the down-shift assembly of FIGURE 18: 
FIGURE 20 is a fragmentary view in elevation of the 

slider end portion shown in FIGURE 19 revolved 90 
degrees from right to left as viewed in FIGURE 19; and, 
FIGURE 21 is a diagramatic longitudinal view in 

elevation of a tool train including the down-shift as 
sembly of FIGURE 18 for shifting the sleeve member in 
each sliding sleeve valve of a flow conductor from first 
to second positions during movement of the train in one 
direction and for subsequently shifting each sleeve mem 
ber back from its second to first position during the re 
turn of the tool train in the opposite direction. 

Referring to FIGURE 1, a well installation 100 for 
use of tool trains embodying the invention, as shown in 
FIGURES 1-5 for manipulating sliding sleeve valves, 
includes a tubing string or flow conductor 101 supported 
at a first end from a well head 102 on a casing string 
103. The tubing string includes one or more sliding 
sleeve valves 104 each of which has a sleeve adapted to 
be moved between open and closed positions for con 
trolling fluid flow between an annular space 105 defined 
around the tubing within the casing and a central bore 
106 of the tubing. The tubing string also includes a 
bottom stop 110 which functions to limit travel of each 
of the tool strings within the tubing string toward its 
lower or second end. One or more perforations 111 are 
provided in the tubing string below the bottom stop to 
allow continuous circulation between the central bore 
106 of the tubing string and the annular space 105 within 
the casing. A suitable packer 112 is secured between the 
tubing string and the well casing below the perforations 
111. 
A flow conduit 113 having a valve 114 is connected 

through the well head into the annular flow channel 105. 
The flow conductor 101 is connected with a flow con 
duit 115 which is provided with a valve 120 and in 
spaced-apart relation thereto a removable end cap 121 
defining a lubricator end portion 115a of the conduit 
115 for insertion and removal of the tool trains. A flow 
conduit 122 having a valve 123 is connected into the 
lubricator portion near the end cap to permit fluid cir 
culation with the flow conduit 115 through the lubricator 
portion for pumping tool trains into and out of the 
lubricator portion. The conduits are each connected with 
Suitable means, not shown, for receiving fluid from and 
pumping fluid into the conduits. Also, each of the con 
duits 113 and 115 is connected with suitable pressure 
recording means, not shown, to provide intelligence con 
cerning the position of the tool train illustrated and 
described hereafter. When the tool train is being pumped 
downwardly in the conductor 101 the conduit 122 serves 
as an input line and the conduit 113 as a return line. 
When the train is pumped out, the functions are reversed. 
The lubricator portion 115a may be located immediate 

ly adjacent to the well head 102 on a suitable platform 
supported either on the earth's surface or, in the case 
of an off-shore located well, above the surface of the 
water. Alternatively, the lubricator portion of the flow 
conduit may be at a shore located station with the con 
duit 115 extending to an off-shore located well whereby 
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the functions of shifting the sleeve valves 104 in the 
flow conductor 101 may be remotely controlled from the 
shore station without the necessity of using ships, floating 
barges, or an above water platform at the well. 
A sliding sleeve valve 104 is included at each depth 

within the flow conductor at which fluid communication 
may be desired between the casing annulus and the bore 
of the flow conductor. Such sleeve valves are included 
in the conductor for such uses as multiple completion 
of wells, fluid recovery by gas lift, circulation procedures 
during testing and completing wells, and others. 
The tool train A is a basic down-shifting train which 

is pumped through the flow conductor 0 to its lower 
end to sequentially engage each of the sliding sleeve 
valves 104, move each valve to its lower end position if 
in its upper end position, and release from each valve. 
The tool train A is non-selective in that it engages each 
and every sliding sleeve valve through which it passes 
and it shifts downwardly every valve which is at an upper 
position. The tool train A comprises at least one upper 
piston propulsion unit 200, a down-shift assembly 300 
for engaging and moving each of the sliding sleeves from 
an upper to a lower position, and a detent unit 700 for 
yieldably resisting the movement of the tool string at each 
of the sleeve valves for generating a fluid pressure signal 
in the fluid displacing the tool train and hold the train 
for applying the needed force to activate its down-shift 
assembly. The components of the tool train are inter 
connected by couplers 260 to provide an articulated 
assembly. 
The assembled tool train A is inserted into the well 

installation 100 and operated as follows. With the valve 
120 closed, the end cap 121 is removed and the tool 
train is inserted, the detent unit 700 first, into the lubri 
cator portion 115a. The end cap 121 is secured to seal 
the open end of the lubricator portion. The valves 114, 
120 and 123 are opened with the flow conductor 122 
functioning as an input line and the conduit 113 as a 
return line. Fluid is pumped into the conduit 122 through 
the valve 123 displacing the tool train from the lubri 
cator portion through the conduit 115 into the flow con 
ductor 101. Fluid in the flow conductor in advance of 
the tool string moves downwardly through the conductor, 
outwardly through the open sliding sleeve valves 104 
and the lower tubing perforations 111 into the annular 
space 105. The fluid flows upwardly through the annular 
space and outwardly from the well head in the conduit 
113. When the detent unit 700 of the tool train reaches 
the first or uppermost of the sliding sleeve valves it re 
leasably engages a locking recess in the sleeve valve. A 
pressure pulse is transmitted to the surface through the 
fluid within the flow conductor above the tool train 
indicating the releasable locking of the detent unit in the 
sliding sleeve valve. The fuid pressure within the con 
ductor of the tool train is then increased above a pre 
determined value to activate the down-shift assembly and 
release of the detent unit. The top piston propulsion unit 
200 compresses the down-shift assembly 300 against the 
detent unit to activate the assembly by expanding its 
sleeve shifting keys and releasing its monitor feeler. The 
tool train is forced downwardly through the sliding sleeve 
valve until the down-shift asembly 300 engages the slid 
ing sleeve. The sleeve shifting assembly shifts the sleeve 
of the valve downwardly to its lower position at which 
position the monitor feeler releases the tool train from 
the sleeve valve permitting the train to resume down 
ward travel to the next sliding sleeve where the procedure 
of activating the sleeve shifting assembly, engaging and 
shifting the sleeve, and releasing from the sleeve is re 
peated. The sequential shifting of each of the sliding 
sleeves in the flow conductor from an upper to a lower 
position is carried out by the tool string in the manner 
described until all of the sliding sleeves in the production 
tubing have been moved to their lower positions and the 
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tool train has been released from the lowermost of the 
sliding sleeves and proceeded downwardly until its down 
ward travel is limited by the bottom stop 110. 
When downward movement of the tool train is limited 

by the bottom stop 110, a pressure signal is transmitted 
to the surface through the fluid in the flow conductor 
responsive to which the direction of flow in the system is 
reversed with the conductor 113 functioning as an input 
line and the conductors 115 and 122 as return lines to 
pump the tool train back to the surface. The down-shift 
assembly 300 is in its deactivated condition so the train 
moves through each of the sliding sleeves freely without 
affecting the position of the sleeve. However, at each of 
the sliding sleeves the detent unit releasably engages a 
locking recess in the sleeve holding the tool train and 
transmitting a pressure pulse to the surface in response 
to which the input fluid pressure is increased to displace 
the detent unit through the sleeve to release the train for 
continued upward travel. The tool train is pumped back 
into the lubricator portion 115a from which it is removed 
subsequent to closure of the valve 120 to isolate the 
lubricator. Thus, all open sleeve valves are closed by the 
downward passage of the tool train A. Any sleeve valves 
which were already closed when entered by the tool train 
are not affected by the down-shifting assembly. The tool 
train simply engages and releases at a previously closed 
valve as explained in detail hereinafter. 
FIGURE 2 illustrates a tool train B which functions to 

shift all of the sliding sleeve valves included in a flow con 
ductor which are in their second or lower positions back to 
their first or upper end positions. The tool train B com 
prises an upper piston propulsion unit 200, a detent unit 
700, a sleeve up-shift assembly 1000 and a lower piston 
unit 2.00a. The assembly 1000 is activated to expand its 
sleeve shifting keys by application of compression forces to 
opposite ends of the assembly and functions to engage and 
shift each of the sleeves into which it passes from a lower 
to an upper end position. The various components of the 
tool train B are interconnected by couplers 260. 
The tool train B is introduced into the well installation 

100 in the same manner as the tool train A. The tool train 
is displaced from the lubricator through the flow con 
ductor until its downward travel is limited by the bottom 
stop 110. During the travel toward the bottom stop the 
up-shift assembly 1000 is in its deactivated condition. At 
each of the sliding sleeves the tool train is releasably held 
against downward movement by the detent unit 700 trans 
mitting a pressure signal to the surface responsive to which 
the injection fluid pressure is increased to disengage the 
detent unit and displace the tool train on through the 
sliding sleeves. The position of the sliding sleeves is not 
affected due to the deactivated state of the up-shift as 
sembly. Since the displacing piston 200 is immediately 
above the detent unit no compression force is applied to the 
up-shift assembly during downward movement of the tool 
train and thus the up-shift assembly is not activated or it 
passes downwardly through each sliding sleeve. When the 
too train reaches the bottom stop the direction of flow 
of the displacing fluid is reversed to return the tool train 
to the surface end of the flow conductor. When the tool 
train arrives at the lowermost sliding sleeve valve, the de 
tent unit 700 releasably engages the valve sleeve holding 
the tool train against upward movement while fluid pres 
sure applied to the lower piston unit 200a compresses 
the up-shift assembly 1000 to activate it for shifting the 
sleeve. The holding of the tool train by the detent unit 
transmits a pressure pulse to the surface in response to 
which the fluid injection pressure is increased to both 
compress the up-shift assembly and release the detent unit 
so that the tool train resumes upward travel until the 
up-shift assembly engages the sliding sleeve. The sliding 
sleeve is then moved to its upper position at which position 
the up-shift assembly releases permitting the tool train to 
move to the next sliding sleeve in the flow conductor. 
The sliding sleeves are each sequentially moved from their 
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lower to their upper positions until the tool train has passed 
through and shifted all of the sliding sleeves subsequent 
to which it is pumped back into the lubricator from which 
it is removed from the system. The tool train B thus shifts 
all of the sliding sleeves in a flow conductor through which 
the train is moving from their lower to their upper po 
sitions. 
FIGURE 3 illustrates a tool train C which effectively 

is a combination of the tool trains A and B of FIGURES 
1 and 2, respectively, and thus moves all upwardly posi 
tioned sliding sleeves in a flow conductor to their lower po 
sitions during movement of the tool train to the lower end 
of the flow conductor and returns each of the downwardly 
shifted sliding sleeves from its lower to its upper position 
upon return movement of the tool train from the lower 
end of the flow conductor back to the surface end of the 
conductor. The tool train C includes at least one upper 
piston propulsion unit 200, a sleeve down-shift assembly 
300, a detent unit 700, a sleeve up-shift assembly 1000, 
and at least one lower piston unit 200a. The various units 
comprising the tool train C are interconnected to form 
an articulated assembly by a plurality of connectors 260. 
The tool train C is inserted into the lubricator portion 

115a and displaced through the flow conductor of the 
well in the same manner as the tool trains A and B. Dur 
ing the travel of the tool train toward the bottom stop 
110 each upwardly positioned sliding sleeve valve in the 
conductor is moved downwardly by the down-shift assem 
bly 300 in the manner described above in the discussion 
of the tool train A. The up-shift assembly 1000 remains 
deactivated during the travel of the tool train to the bot 
tom stop as it is not between the displacing upper piston 
unit and the detent unit. When the tool train reaches the 
bottom stop, fluid flow is reversed to pump the tool train 
back to the surface. Each downwardly positioned sliding 
sleeve is now engaged and shifted to its upper end posi 
tion by the up-shift assembly 1000 while the down-shift 
assembly moves freely through the sliding sleeves in its de 
activated condition. The up-shift assembly functions in 
the same manner as when included in the tool train B 
with the lower piston propulsion unit 200a serving to 
displace the tool train upwardly. Compressive force is 
applied to the up-shift assembly at each sliding sleeve 
while the detent unit 700 releasably holds the tool train 
against upward travel. When the tool train has shifted 
and is released from the uppermost sliding sleeve valve 
the train is pumped back into the lubricator. Thus, during 
the one complete round trip of the tool train C all up 
wardly positioned sliding sleeve valves included in the 
flow conductor are moved to their lower positions and then 
returned back to their upper positions. 
FIGURE 4 illustrates a tool train D adapted to shift se 

lected sliding sleeve valves in a flow conductor from Sec 
ond or lower back to first or upper positions. The tool 
train D includes an upper piston propulsion unit 200b, a 
sliding sleeve up-shift assembly 1000A, adapted to be 
activated responsive to tension loading, a detent unit 700, 
and a lower piston unit 200a. When the tool train D is 
employed in the well installation 100, the flow conductor 
101 includes an up-shift assembly release nipple 140 lo 
cated above the bottom stop 110. 
The tool train D is utilizable in either of two ways 

for shifting selected sliding sleeves in the flow conductor 
from lower to upper positions. The assembly 1000A is 
activatable only by application of tension forces to its 
opposite ends. The assembly is activated by the releas 
able engagement of the sliding sleeve by the detent unit 
followed by a downward force on the sleeve shifting 
assembly by the lower piston propulsion unit 200a. In 
one manner of operating the tool train D, the train is 
first pumped downwardly through the flow conductor 101 
to the bottom stop 110. As the train moves downwardly 
the up-shift assembly is sequentially deactivated and acti 
vated as it passes through each sliding sleeve though it 
does not affect the position of the sleeves as it is effec 
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tive only in up-shifting the sleeves. The up-shift assem 
bly leaves the lowermost sliding sleeve valve in activated 
condition. The assembly is deactivated by the nipple 140 
after which the tool train is pumped back upwardly. As 
the tool train D moves upwardly in the flow conductor 
from the bottom stop, it releasably engages each sliding 
sleeve valve and thus transmits a pressure pulse to the 
surface responsive to which the pressure is increased in 
the flow conductor below the tool train to displace the 
tool train upwardly from the sliding sleeve valve. Since 
the up-shift assembly 1000A is activated only by ap 
plication of a tension force on it, the releasable engage 
ment of the tool train with a sliding sleeve and Subse 
quent displacement of the train upwardly through the 
sliding sleeve does not activate the up-shift assembly 
and thus does not shift the sleeve upwardly. However, 
when the tool train arrives at and releasably engages a 
particular sliding sleeve which is to be shifted upwardly, 
the direction of fluid flow in the flow conductor is re 
versed responsive to the pressure signal transmitted to 
the surface. The reversal of fluid flow causes the lower 
piston unit 200a to pull downwardly against the detent 
unit 700 applying a tension force on the up-shift as 
sembly 1000A to activate it and displacing the tool train 
downwardly again. Fluid flow is again reversed displac 
ing the tool train upwardly whereby the up-shift assem 
bly engages the sliding sleeve in the valve moving it to 
its upper end position and releasing the tool train for 
resumption of its upward travel in the flow conductor. 
The tool train may be so manipulated at each selected 
sliding sleeve to be moved to its upper position. The flow 
reversal procedure is obviously not applied at any sleeve 
which is not to be shifted upwardly with the tool train 
being simply displaced in an upward direction through the 
sliding sleeve. 
As an alternative to the above described selective up 

shifting procedure of displacing the tool train compeltely 
So the lower end of the flow conductor, the tool train 
may be pumped through the flow conductor to a par 
ticular sliding sleeve which is to be shifted upwardly. 
When the tool train releasably engages the particular 
sliding sleeve to be shifted the procedure of applying the 
tension force by means of the lower piston propulsion 
unit is applied followed by flow reversal in the flow 
conductor to shift the sleeve upwardly and release the 
tool train for return to the surface. 
A tool train E, as shown in FIGURE 5, includes an 

upper piston propulsion unit 200, an upper detent unit 
700, sliding sleeve up-shift assembly 1000A, a lower pis 
ton propulsion unit 200a, a sliding sleeve down-shift as 
Sembly 300, and a lower detent unit 700. The tool train 
E is essentially a combination of the tool trains A and 
D So that it moves all upwardly positioned sleeves down 
wardly during its downward movement and moves se 
lected sleeve valves back upwardly during its upward 
movement back to the Surface. 

In tool train E the upper piston unit 200b is adapted 
to apply a maximum predetermined upward thrust to the 
tool train while applying a minimum downward thrust 
to the train. The up-shift assembly 1000A is activatable 
by tension forces applied to its opposite ends. The lower 
piston unit 200a is adapted to apply a predetermined 
downward thrust to the tool train less than the upward 
thrust applicable by the upper piston. The lower detent 
unit 700a is adjusted to releasably lock the tool train in 
each sliding sleeve during downward movement only so 
that the detent unit moves freely in the upward direction 
through each of the sleeves. The upper detent unit 700, 
however, releasably locks in both upward and downward 
directions. The well installation in which the tool train 
E is employed utilizes a nipple 140 below the lower 
most sliding sleeve valve above the stop 110 to deacti 
vate the up-shift assembly, as discussed above in connec 
tion with the tool train D. 
The above description of a well installation with pump 
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able tool trains embodying the invention and operating 
procedures for same is intended to be only general in 
nature and provide a basis for better understanding the 
detailed description of the systems, their components, 
and their operation. 
The piston units 200 and 200a serve as “locomotives' 

for the tool trains A-E to prope them along a flow pas 
Sage, such as the passage 106 within the flow conductor, 
responsive to a fluid pressure differential applied across 
the units. Referring specifically to FIGURES 6-6D, each 
of the piston units includes a body or mandrei 20 sup 
porting an external annular expandable packing assembly 
202 for releasably sealing between the mandrel and the 
inner wall of a flow conduit. The mandrel has a central 
flow passage 203 in which is disposed a longitudinally 
movable spring biased valve assembly 204 adapted to 
move to the fully closed position shown in FIGURE 6A 
responsive to a pressure differential imposed across the 
valve assembly and to move farther to a fully open posi 
tion, FIGURE 6B, allowing maximum flow through the 
flow passage 203 when the pressure differential across the 
piston unit within a conduit exceeds a predetermined 
value. So long as a pressure differential which does not 
exceed a predetermined value, is applied across the piston 
unit, it functions as a locomotive or propulsion unit ca 
pable of applying a force to a tool train of a magnitude 
determined by the cross sectional area of the piston unit 
and the pressure applied across it. The valve is adapted 
to open the permit full fluid flow through the passage 263 
when the pressure differential exceeds the predetermined 
value so that tool damage may be avoided when the unit 
or any of the tool train propelled by it encounters an 
obstruction in a flow passage which prevents movement 
therethrough. The opposite end sections of the piston unit 
each comprises an internally threaded tubular connector 
socket 205 threaded on the opposite end sections 206 of 
the mandrel. Each of the connector sockets has an internal 
annular end flange 207 defining the outward end of a 
Socket chamber 208 for receiving a locking head of a 
coupler used in securing the piston unit to adjacent tools 
in the tool train. The connector socket at the inward end 
of each socket has a central internal annular flange 209 
providing an inwardly facing annular shoulder 216 for 
engaging an end of the mandrel to limit the movement of 
the socket connector on the mandrel and an outwardly 
facing internal annular shoulder 20a defining the in 
Ward end of the socket chambers 208. A spring spider 
member 211 is clamped at each end of the mandrel be 
tween the mandrel end and the internal shoulder 210 of 
the socket connector secured thereto. Each spring spider 
211, FIGURE 6D, comprises four radial vanes 212 spaced 
90 degrees apart and having formed integrally there with 
a nose or a stop probe 213 which limits the longitudinal 
movement of the valve assembly 204 within the flow 
passage 203. The extent of longitudinal movement of 
the valve assembly within the mandrei is determined by 
the length of the valve assembly and the distance between 
the ends of the stop probes 213 of the spring spiders. Each 
of the vanes of the spiders has a reduced portion 214 
about which extends an end section of a spring 215 posi 
tioned within the bore 203 whose other end section is 
telescoped over an adjacent end section of the valve 
assembly. The springs 215 engage each of the spiders 211 
and telescope over each of the adjacent end sections of 
the valve assembly so that the valve assembly is yield 
ably biased to the central position illustrated in FIG 
URE 6. 
Each of the connector sockets is held against rota 

tion on the mandrel by a lock pin 216 extending through 
the connector socket into the mandrel. The finned con 
struction of each spring spider provides for maximum 
fluid flow into each end of the piston unit through the 
socket recess 208, around the radial fins of the spring 
spiders, and into the central flow passage 203 of the 
mandrel. 
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The mandrel is provided with internal longitudinally 

spaced flanges 218 each providing an outwardly facing 
annular shoulder 219. The springs 215 are confined be 
tween shoulders 220 of the vanes of the spring spiders 
at their outward ends and retainer rings 221 held against 
inward movement by the shoulder 219. The inward ends 
of the two springs 215 each acting through its retainer 
ring 221 bias the valve assembly 204 toward its central 
neutral position. 
The valve assembly 204 of the piston unit, FIGURE 

6C, includes an elongated body or core 222 which has a 
central portion 223 circular in cross section along a plane 
transverse to its longitudinal axis and is provided with an 
external annular recess 224 for an O-ring seal 225. The 
core includes longitudinal radial vanes 226 extending 
from opposite ends of the central portion 223 spaced 
around the valve member at 90 degrees intervals defin 
ing four endwardly and radially opening recesses 227 
spaced around each end section of the core separated by 
the four vanes 226. The recesses 227 defined by the vanes 
minimize the cross sectional area of each end Section 
of the valve core to provide maximum fluid flow bypass 
ing the core when it is positioned at one of its open posi 
tions. Each of the valve core wanes 226 is increased in 
radial width along an inward section adjacent to the 
central portion 223 providing a shoulder surface 228 on 
each of the vanes for engaging the spring retainer ring 221 
positioned around them when the valve assembly is 
displaced longitudinally in either direction by fluid pres 
sure applied across the piston unit. The valve core has 
a bore 229 extending therethrough at an angle to the 
longitudinal axis of the core providing a bypass flow 
channel through its central section communicating be 
tween two of the valve member recesses 227 along op 
posite end sections of the core so that a limited amount of 
fluid flow may occur through the valve assembly whether 
the assembly is at open or closed position within the pis 
ton unit mandrel. The bore 229 is internally threaded 
along a portion of its length to permit the threaded engage 
ment therein of a flow bean 230 having a bore 23. A 
plurality of flow beans may be provided with different 
size bores to permit adjustability of the bypass flow rate 
through the central section 223 of the valve core. 
The piston mandrel 291 has a plurality of radial cir 

cumferentially spaced ports 232 to allow the applica 
tion of fluid pressure from the central flow passage 203 
of the mandrel outwardly into the packing assembly 202 
for expanding the packing assembly into sealing relation 
ship with the inside wall of a conduit through which the 
piston is moving. On opposte sides of the ports 232 the 
mandre has internal annular spaced fianges 233 provid 
ing internal annular facing valve seat surfaces 234 en 
gageable by the O-ring 225 when the valve assembly is 
moved longitudinally to either of its closed positions. 
The packing assembly 202 includes a resilient tubular 

body or sleeve 235 in which are embedded and bonded 
thereto a plurality of longitudinal, circumferentially 
spaced, arcuate segments 236a and 236b of a wear resist 
ant rigid substance such as metal or the like. The identical 
segments 236a have configurations which are mirror 
images of the identical segment 236b. The segments 236a 
and 236b extend longitudinally and are spaced around the 
sleeve 235 in annular array or alignment with each seg 
ment 236a disposed between and pivotally connected to a 
pair of the segments 236b and with each segment 236b 
disposed between and pivotally connected between a pair 
of the segments 236a. Each segment 236a has a pair of 
longitudinally spaced hooks or pins 237a and 237b which 
extend divergently in the same longitudinal direction at 
opposite sides of the segment and which define with the 
segment the Sockets 238a and 238b opening in the same 
direction toward which the hooks or pins extend. Each 
segment 236 b is similarly provided with a pair of hooks 
or pins 239a and 239b which extend divergently in one 

75 longitudinal direction at opposite sides of the segment and 
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which define inwardly opening recesses or sockets 240a. 
and 240b which open in the same direction that the pins 
239a and 239b extend. By means of the pins and sockets 
the segments 236a and 236b are interlocked with each 
other. For example, the pin 239b of the segment 236b 
is received within the recess or socket 238b of the seg 
ment 236a while the pin 237b on the segment 236a is 
received within the socket 240b of the segment 236b. 
The Surface of a segment in which a pin from an ad 
jacent segment is received engages the surface of the pin 
of the adjacent segment thereby preventing longitudinal 
movement of each segment relative to those adjacent seg 
ments on opposite sides thereof with which it is inter 
locked by the respective pins of such segments. While the 
segments are held against longitudinal movement relative 
to each other the configuration of the pins and sockets 
and their relative dimensions are such that each pair of 
adjacent connecting segments may pivot about an axis 
which extends parallel to but spaced from a radial line 
passing through the central longitudinal axis of the packer 
element. The pins 237a and 237b of the segment 236a 
both face axially in one direction while the pins 239a and 
238b of the segment 236b face axially in the other. The 
end faces 236c and 236f of the segments 236a and 236b, 
from which the pins are pointing, bear against the retain 
ing rings 247 and transmit axial loads to the connectors 
205 while the other ends, towards which the pins are 
pointing, do not bear against retaining rings, and do not 
transmit axial leads. In this way the axial drag on the 
Segments, resulting from their friction against the inner 
wall of the tubing while moving through it, acts always 
to assist the sealing engagement of all the linked pins and 
recesses of adjacent segments, respectively, regardless of 
the direction in which the unit is moving through the 
pipe. Since the segments are embedded in the resilient 
sleeve 235 they are held against disengagement and the 
pivotal connections provided by their respective pins and 
recesses permits radial expansion and contraction of the 
packer element. Each segment has opposite end stop por 
tions 241 and 242 extending outwardly of beveled end 
section shoulders 243 and 244 which extend in opposite 
longitudinal direction from the outer arcuate central seal 
surface 245 of each segment. The end stop portions 24 
and 242 telescope respectively into annular retainer rings 
246 and 247. The retainer rings telescope over opposite 
end sections 248 and 249 of the tubular sleeve 235. 
The upper end section 248 of the resilient tubular body 

235 has an external annular flange portion 248a which is 
received within an internal annular recess 246a of the 
retainer ring 246, while, similarly, the lower end section 
249 of the body has an external annular flange section 
249a which is received in an internal annular recess 247a 
of the retainer ring 247. The top socket connector 205 has 
a lower end downwardly facing annular stop shoulder 
205b while the lower socket connector 205 similarly has 
an upwardly facing identical external annular stop shoul 
der 205b which holds the seal assembly 202 against down 
ward movement on the piston. An upper end annular 
surface 246b of the tubular sleeve 235 is sealingly en 
gageable with the downwardly facing stop shoulder 205b 
while, similarly, a lower end annular surface 249b on the 
tubular sleeve is sealingly engageable with the upwardly 
facing annular stop shoulder 205b on the lower Socket 
connector 205. 
The outer surfaces of the rigid seal segments 236a and 

236b extend radially outwardly to engage the internal Sur 
face of a flow conductor through which the piston is mov 
able. 
The annular seal assembly 202, due to the resilient 

forces of the tubular body 235, prior to the insertion of 
the tool into a flow conductor, assumes a fully expanded 
condition wherein any further expansion thereof is limited 
by engagement of the opposite end stop portions 241 and 
242 of its metal seal segments with the internal Surfaces 
of its top and bottom retainer rings 246 and 247, respec 
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tively, so that the segments extend outwardly of the re 
tainer rings to a diameter greater than the internal diam 
eter of the flow conductor. When the piston is inserted 
into a flow conductor its seal assembly is cammed radially 
inwardly toward the piston mandrel to a partially con 
tracted position. As the seal assenbly is thus moved to its 
partly contracted or retracted position by engagement of 
its segment outer bosses with the inside wall of a flow con 
ductor, the outer portions of the tubular body 235 may 
deform outwardly into the spaces between the seal seg 
ments 236a and 236b. 
When the seal assembly is in its normal operative posi 

tion in a well flow conductor the arcuate outer surfaces 
of the bosses of the segments 236a and 236b constitute 
sections of and line in a cylindrical plane whose diameter 
is Substantially equal to the normal internal diameter of 
the flow conductor and such surfaces sealingly engage 
the internal surfaces of the flow conductor along a sub 
stantially continuous seal line extending circumferentially 
around the outer surfaces of the segments. The only gaps 
in this line may occur between the edge surfaces of the 
segments at their sockets and the adjacent and contacting 
outer surfaces of the hooks disposed therein. Any such 
gaps will be of extremely small orifice so that the seal 
effectively closes the annulus between the flow conductor 
and the mandrel of the piston and any small leakage of 
fluid which passes such seal through such gaps does not 
decrease to any appreciable degree the efficiency of the 
well tool. 
As the pressure in the flow passage of the flow con 

ductor above the piston is increased due to the pumping 
of fluids into the flow conductor to a value which ex 
ceeds the pressure in the flow conductor below the piston, 
the seal assembly 202 is biased downwardly until the 
lower end surface 249b of the tubular body 235 engages 
the stop shoulder 205b on the lower connector socket 
effecting Sealing engagement between the stop shoulder 
and the lower end of the tubular body. Simultaneously, 
the valve 204 is also biased downwardly to the position 
shown in FIGURE 6A thereby insuring that it is the 
higher of the two pressures which acts radially outwardly 
through the ports 232 in the piston mandrel is applied 
Within the tubular body acting on its internal surfaces ex 
panding it radially outwardly and biasing the segments 
OutWardly into tighter sealing engagement with the in 
ternal Surfaces of the flow conductor. The seal assembly 
thus closes the annulus between the flow conductor and 
the mandrel of the piston and the downwardly acting force 
of the pressure differential across the piston as fluid is 
pumped into the flow conductor biases the piston in the 
flow conductor toward the lower pressure. The greater the 
pressure differential across the seal assembly the greater 
the force with which the lower end surface of the re 
silient body is held in sealing engagement with the stop 
shoulder 205b on the lower connector socket and the 
greater the force with which the segments are biased out 
Wardly and held in sealing engagement with the internal 
Surfaces of the well flow conductor thus assuring proper 
closure of the annulus between the piston mandrel and 
the flow conductor up to the value of the pressure differ 
ential at which the valve assembly of the piston is moved 
to its open position to permit fluid by-pass through the 
piston. 
A pressure differential from below the piston similarly 

acts to effect a sealing relationship between the seal as 
sembly 202 and the internal surfaces of the flow con 
ductor while biasing the piston in upward direction. The 
Seal assembly is biased upwardly with sealing engagement 
being effected between the upper end surface 264b of 
the tubular resilient body and the stop shoulder 205b 
on the top connector socket 205. 

Annular packer seal elements similar to the seal ele 
ment 202 are disclosed in my co-pending United States 
patent applications 312,175, filed Sept. 27, 1963, now 
abandoned and 402,707 filed Oct. 9, 1964, now Patent 
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No. 3,318,605. A substantially identical packer assembly 
is illustrated on the piston unit shown in FIGURE 1 at 
page 3781 of the Composite Catalogue of Oil Feld Equip 
ment and Services, 1966-67 edition, published by World 
Oil, Houston, Tex. 

Each of the socket connectors 205 at opposite ends of 
the piston unit is reduced in diameter along its inward end 
Section providing an annular longitudinally extending 
flange 205a around which the end sections 248 and 249 
of the sleeve 235 are fitted. The inside wall or surface 
235a of the sleeve 235 is spaced apart from the outside 
tubular central section surface 250 of the piston mandrel 
providing an annular chamber 251 around the mandrel 
within the sleeve element between the end socket con 
nectors which receives fluid displaced radially outwardly 
from the central flow passage through the piston mandrel 
through the radial ports 232 to expand the packer ele 
ment within a flow conductor so that the segments 236a 
and 236b are displaced outwardly into engagement with 
the wall defining the flow conductor. 
The valve assembly 204 which is shown at its central 

neutral position in FIGURE 6 functions to permit the 
piston unit 200 to be pumped in either direction through 
a flow conductor while being adapted to allow fluid flow in 
the conduit through the piston unit when the unit becomes 
lodged or for some other reason held against movement 
within the conductor. Ability to pump through the piston 
unit is desirable in well operations both for the purpose 
of preventing or minimizing damage to the piston unit or 
other apparatus in a well in which a piston unit becomes 
lodged and to permit continued fluid flow through a well 
in which a piston unit has become so lodged. The finned 
construction of the opposite end sections of the valve core 
222 and the spring spiders 211 permits fluid flow through 
each end section of the piston unit in its central flow pas 
Sage 203 up to the O-ring 225. A fluid pressure differ 
ential across the valve assembly from either end displaces 
the valve assembly in the direction of the lower pres 
sure. Since the valve assembly moves freely within the 
mandrel between the springs 215 only a slight pressure 
differential across the assembly is required to displace it 
to a closed position. The oppositely facing shoulders 228 
on the valve core are so spaced from the spring retainer 
rings 221 that the valve assembly is displaced in either 
longitudinal direction by a pressure differential across it 
to a closed position at which the shoulder 228 facing in 
the direction of movement of the valve assembly en 
gages the spring retainer ring 221 on the low pressure or 
downstream side of the valve assembly. Thus, a pressure 
differential imposed across the piston unit from above the 
unit as viewed in FIGURE 6 displaces the valve assembly 
downwardly until its lower shoulder 228 engages the 
lower spring retainer ring 221, FIGURE 6A, at which 
position the O-ring 225 engages the lower valve Seat sur 
face 234 reducing the fluid flow through the central flow 
passage of the piston unit to zero if the member 230 in 
the bypass flow passage 229 of the valve member is a 
solid plug or to a substantially reduced minimum flow 
rate if a flow passage is provided in the member 230 in 
the bypass flow passage. 
With the valve core 222 moved downwardly to its 

lower closed position fluid pressure applied above the 
valve member into the central flow passage of the piston 
mandrel is communicated radially outwardly through the 
ports 232 into the annular chamber 251 within the pack 
ing assembly 202 around the piston mandrel effecting 
expansion of the packing assembly into engagement with 
the inside Wall defining the flow passage fo the flow con 
duit in which the piston unit is positioned. With the pack 
ing assembly so expanded the annular space around the 
piston unit within the wall of the flow channel is thus 
Sealed by the packer element and the piston unit is there 
fore biased longitudinally along the flow channel by the 
preSSure being applied across it from end to end. The 
pressure differential which can be resisted by the valve 

0. 

30 

3 5 

40 

45 

50 

60 

70 

16 
assembly and thus below which it remains in the closed 
position is determined principally by the strength of the 
Springs 2.15 and the degree to which the spring is normally 
compressed between its spider and its retainer ring 221. 
When the pressure differential imposed across the piston 
unit valve assembly is raised above the value below which 
it remains closed the valve core is moved toward the lower 
pressure while its lower shoulder 228 through its spring 
retainer ring 221 on the low pressure side compresses the 
spring 215 moves the valve assembly farther to an open 
position as illustrated in FIGURE 6B. 
With the piston valve assembly at an open position as 

illustrated in FIGURE 6B fluid being pumped into the 
upper end of the piston unit flows around the fins 226, 
through the recesses 227 of the valve core 222, and an 
nularly around the O-ring 225 within the flow passage 203 
between its internal flanges 218 and 234. So long as the 
pressure differential applied across the piston the unit is 
of Sufficient magnitude to maintain the spring 215 in a 
compressed condition, the valve assembly 204 is held at 
an open position and fluid may flow through the piston 
unit. The valve assembly is prevented from moving 
farther downwardly from the position of FIGURE 6B 
by the engagement of the lower end of the valve core 222 
with the upper end of the nose 213 on the lower spring 
Spider 211. When the pressure differential across the 
piston unit reduces to a lower value the valve assembly 
will return upwardly to either an intermediate position or 
back to the closed position of FIGURE 6A depending 
upon the extent of the reduction. It will be obvious that 
even with the valve assembly in the open position the 
pressure differential applied across the piston unit to main 
tain the valve assembly in such position is communicated 
into the annular space 251 holding the packer element 202 
expanded outwardly and biasing the piston unit down 
Wardly and if the obstruction in the flow conduit is not 
Sufficient to hold the piston unit against movement the 
unit may move along the flow passage. Normally, of 
course, when the piston unit has not encountered an ob 
struction in the flow pasage and when it is not overloaded 
by an excessively long or heavy string of well tools, the 
valve assembly will remain at a closed position so long 
as the pressure differential across it is maintained below 
the level determined by the springs 215 and the piston 
unit will be displaced along with its well tool string 
through the conduit or flow channel in the direction of 
the lower pressure. 
The thrust which each of the piston propulsion units 

delivers to its tool train responsive to a pressure differen 
tial applied across the piston unit is determined largely 
by the characteristics of the springs 215. The springs 215 
are readily interchanged to provide the required charac 
teristics for adjusting the piston units to provide the de 
sired thrust forces to the tool trains in either direction. 
The upper and lower springs 215 may have identical or 
different characteristics depending upon whether or not 
the piston unit is to apply the same thrust in both direc 
tions to the tool train. For example upper and lower 
Springs 215 having identical characteristics may be utilized 
in a piston unit whereby the unit will apply a maximum 
thrust of 500 pounds in either direction, with the valve 
of the piston unit moving to its full open position when 
the pressure differential applied across the unit exceeds 
the value required to displace the valve to either of its 
closed positions against its springs. Stronger Springs may 
be chosen, for example, to increase the thrust which the 
piston will apply to a tool train before its valve moves 
to an open position to allow fluid to bypass through it. 
Similarly, the thrust applicable by the piston unit is re 
duced by the choice of a weaker spring. If it is desired 
that a piston unit deliver a thrust of one value in one 
direction and of another value in the other direction 
Springs 215 of unequal value are selected. For example, an 
upper Spring may be chosen whereby the piston unit 
delivers a maximum upward thrust of 500 pounds while a 
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which define inwardly opening recesses or sockets 240a 
and 240b which open in the same direction that the pins 
239a and 239b extend. By means of the pins and sockets 
the segments 236a and 236b are interlocked with each 
other. For example, the pin 239b of the segment 236b 
is received within the recess or socket 238b of the seg 
ment 236a while the pin 237b on the segment 236a is 
received within the socket 240b of the segment 236b. 
The surface of a segment in which a pin from an ad 
jacent segment is received engages the surface of the pin 
of the adjacent segment thereby preventing longitudinal 
movement of each segment relative to those adjacent seg 
ments on opposite sides thereof with which it is inter 
locked by the respective pins of such segments. While the 
Segments are held against longitudinal movement relative 
to each other the configuration of the pins and sockets 
and their relative dimensions are such that each pair of 
adjacent connecting segments may pivot about an axis 
which extends parallel to but spaced from a radial line 
passing through the central longitudinal axis of the packer 
element. The pins 237a and 237b of the segment 236a 
both face axially in one direction while the pins 239a and 
238b of the segment 236b face axially in the other. The 
end faces 236c and 236f of the segments 236a and 236b, 
from which the pins are pointing, bear against the retain 
ing rings 247 and transmit axial loads to the connectors 
205 while the other ends, towards which the pins are 
pointing, do not bear against retaining rings, and do not 
transmit axial leads. In this way the axial drag on the 
Segments, resulting from their friction against the inner 
wall of the tubing while moving through it, acts always 
to assist the Sealing engagement of all the linked pins and 
recesses of adjacent segments, respectively, regardless of 
the direction in which the unit is moving through the 
pipe. Since the segments are embedded in the resilient 
sleeve 235 they are held against disengagement and the 
pivotal connections provided by their respective pins and 
recesses permits radial expansion and contraction of the 
packer element. Each segment has opposite end stop por 
tions 241 and 242 extending outwardly of beveled end 
section shoulders 243 and 244 which extend in opposite 
longitudinal direction from the outer arcuate central seal 
surface 245 of each segment. The end stop portions 241 
and 242 telescope respectively into annular retainer rings 
246 and 247. The retainer rings telescope over opposite 
end sections 248 and 249 of the tubular sleeve 235. 
The upper end section 248 of the resilient tubular body 

235 has an external annular flange portion 248a which is 
received within an internal annular recess 246a of the 
retainer ring 246, while, similarly, the lower end section 
249 of the body has an external annular flange section 
249a which is received in an internal annular recess 247a 
of the retainer ring 247. The top socket connector 205 has 
a lower end downwardly facing annular stop shoulder 
205b while the lower socket connector 205 similarly has 
an upwardly facing identical external annular stop shoul 
der 205b which holds the seal assembly 202 against down 
ward movement on the piston. An upper end annular 
surface 246b of the tubular sleeve 235 is sealingly en 
gageable with the downwardly facing stop shoulder 205b 
while, similarly, a lower end annular surface 249b on the 
tubular sleeve is sealingly engageable with the upwardly 
facing annular stop shoulder 205b on the lower socket 
connector 205. 
The outer surfaces of the rigid seal segments 236a and 

236b extend radially outwardly to engage the internal sur 
face of a flow conductor through which the piston is mov 
able. 
The annular seal assembly 202, due to the resilient 

forces of the tubular body 235, prior to the insertion of 
the tool into a flow conductor, assumes a fully expanded 
condition wherein any further expansion thereof is limited 
by engagement of the opposite end stop portions 241 and 
242 of its metal seal segments with the internal surfaces 
of its top and bottom retainer rings 246 and 247, respec 
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4. 
tively, so that the segments extend outwardly of the re 
tainer rings to a diameter greater than the internal diam 
eter of the flow conductor. When the piston is inserted 
into a flow conductor its seal assembly is cammed radially 
inwardly toward the piston mandrel to a partially con 
tracted position. As the seal assembly is thus moved to its 
partly contracted or retracted position by engagement of 
its segment outer bosses with the inside wall of a flow con 
ductor, the outer portions of the tubular body 235 may 
deform outwardly into the spaces between the seal seg 
ments 236a and 236b. 
When the seal assembly is in its normal operative posi 

tion in a well flow conductor the arcuate outer surfaces 
of the bosses of the segments 236a and 236b constitute 
sections of and line in a cylindrical plane whose diameter 
is substantially equal to the normal internal diameter of 
the flow conductor and such surfaces sealingly engage 
the internal surfaces of the flow conductor along a sub 
stantially continuous seal line extending circumferentially 
around the outer Surfaces of the segments. The only gaps 
in this line may occur between the edge surfaces of the 
segments at their sockets and the adjacent and contacting 
outer surfaces of the hooks disposed therein. Any such 
gaps will be of extremely small orifice so that the seal 
effectively closes the annulus between the flow conductor 
and the mandrel of the piston and any small leakage of 
fluid which passes such seal through such gaps does not 
decrease to any appreciable degree the efficiency of the 
well tool. 
As the pressure in the flow passage of the flow con 

ductor above the piston is increased due to the pumping 
of fluids into the flow conductor to a value which ex 
ceeds the pressure in the flow conductor below the piston, 
the seal assembly 202 is biased downwardly until the 
lower end surface 249b of the tubular body 235 engages 
the stop shoulder 205b on the lower connector socket 
effecting Sealing engagement between the stop shoulder 
‘and the lower end of the tubular body. Simultaneously, 
the valve 204 is also biased downwardly to the position 
shown in FIGURE 6A thereby insuring that it is the 
higher of the two pressures which acts radially outwardly 
through the ports 232 in the piston mandrel is applied 
Within the tubular body acting on its internal surfaces ex 
panding it radially outwardly and biasing the segments 
outwardly into tighter sealing engagement with the in 
ternal Surfaces of the flow conductor. The seal assembly 
thus closes the annulus between the flow conductor and 
the mandrel of the piston and the downwardly acting force 
of the pressure differential across the piston as fluid is 
pumped into the flow conductor biases the piston in the 
flow conductor toward the lower pressure. The greater the 
pressure differential across the seal assembly the greater 
the force with which the lower end surface of the re 
silient body is held in sealing engagement with the stop 
shoulder 205b on the lower connector socket and the 
greater the force with which the segments are biased out 
Wardly and held in sealing engagement with the internal 
Surfaces of the well flow conductor thus assuring proper 
closure of the annulus between the piston mandrel and 
the flow conductor up to the value of the pressure differ 
ential at which the valve assembly of the piston is moved 
to its open position to permit fluid by-pass through the 
piston. 
A pressure differential from below the piston similarly 

acts to effect a sealing relationship between the seal as 
sembly 202 and the internal surfaces of the flow con 
ductor while biasing the piston in upward direction. The 
Seal assembly is biased upwardly with sealing engagement 
being effected between the upper end surface 264b of 
the tubular resilient body and the stop shoulder 205b 
on the top connector socket 205. 
Annular packer seal elements similar to the seal ele 

ment 202 are disclosed in my co-pending United States 
patent applications 312, 175, filed Sept. 27, 1963, now 
abandoned and 402,707 filed Oct. 9, 1964, now Patent 
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No. 3,318,605. A substantially identical packer assembly 
is illustrated on the piston unit shown in FIGURE 1 at 
page 3781 of the Composite Catalogue of Oil Feld Equip 
ment and Services, 1966–67 edition, published by World 
Oil, Houston, Tex. 

Each of the socket connectors 205 at opposite ends of 
the piston unit is reduced in diameter along its inward end 
Section providing an annular longitudinally extending 
flange 205a around which the end sections 248 and 249 
of the sleeve 235 are fitted. The inside wall or surface 
235a of the sleeve 235 is spaced apart from the outside 
tubular central section surface 250 of the piston mandrel 
providing an annular chamber 251 around the mandrel 
within the sleeve element between the end socket con 
nectors which receives fluid displaced radially outwardly 
from the central flow passage through the piston mandrel 
through the radial ports 232 to expand the packer ele 
ment within a flow conductor so that the segments 236a 
and 236b are displaced outwardly into engagement with 
the wall defining the flow conductor. 
The valve assembly 204 which is shown at its central 

neutral position in FIGURE 6 functions to permit the 
piston unit 200 to be pumped in either direction through 
a flow conductor while being adapted to allow fluid flow in 
the conduit through the piston unit when the unit becomes 
lodged or for some other reason held against movement 
within the conductor. Ability to pump through the piston 
unit is desirable in well operations both for the purpose 
of preventing or minimizing damage to the piston unit or 
other apparatus in a well in which a piston unit becomes 
lodged and to permit continued fluid flow through a well 
in which a piston unit has become so lodged. The finned 
construction of the opposite end sections of the valve core 
222 and the spring spiders 211 permits fluid flow through 
each end section of the piston unit in its central flow pas 
sage 203 up to the O-ring 225. A fluid pressure differ. 
ential across the valve assembly from either end displaces 
the valve assembly in the direction of the lower pres 
sure. Since the valve assembly moves freely within the 
mandrel between the springs 215 only a slight pressure 
differential across the assembly is required to displace it 
to a closed position. The oppositely facing shoulders 228 
on the valve core are so spaced from the spring retainer 
rings 221 that the valve assembly is displaced in either 
longitudinal direction by a pressure differential across it 
to a closed position at which the shoulder 228 facing in 
the direction of movement of the valve assembly en 
gages the spring retainer ring 221 on the low pressure or 
downstream side of the valve assembly. Thus, a pressure 
differential imposed across the piston unit from above the 
unit as viewed in FIGURE 6 displaces the valve assembly 
downwardly until its lower shoulder 228 engages the 
lower spring retainer ring 221, FIGURE 6A, at which 
position the O-ring 225 engages the lower valve seat sur 
face 234 reducing the fluid flow through the central flow 
passage of the piston unit to zero if the member 230 in 
the bypass flow passage 229 of the valve member is a 
solid plug or to a substantially reduced minimum flow 
rate if a flow passage is provided in the member 230 in 
the bypass flow passage. 
With the valve core 222 moved downwardly to its 

lower closed position fluid pressure applied above the 
valve member into the central flow passage of the piston 
mandrel is communicated radially outwardly through the 
ports 232 into the annular chamber 251 within the pack 
ing assembly 202 around the piston mandrel effecting 
expansion of the packing assembly into engagement with 
the inside Wall defining the flow passage fo the flow con 
duit in which the piston unit is positioned. With the pack 
ing assembly so expanded the annular space around the 
piston unit within the wall of the flow channel is thus 
Sealed by the packer element and the piston unit is there 
fore biased longitudinally along the flow channel by the 
pressure being applied across it from end to end. The 
pressure differential which can be resisted by the valve 
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assembly and thus below which it remains in the closed 
position is determined principally by the strength of the 
Springs 215 and the degree to which the spring is normally 
compressed between its spider and its retainer ring 221. 
When the pressure differential imposed across the piston 
unit valve assembly is raised above the value below which 
it remains closed the valve core is moved toward the lower 
pressure while its lower shoulder 228 through its spring 
retainer ring 221 on the low pressure side compresses the 
Spring 25 moves the valve assembly farther to an open 
position as illustrated in FIGURE 6B. 
With the piston valve assembly at an open position as 

illustrated in FIGURE 6B fluid being pumped into the 
upper end of the piston unit flows around the fins 226, 
through the recesses 227 of the valve core 222, and an 
nularly around the O-ring 225 within the flow passage 203 
between its internal flanges 218 and 234. So long as the 
pressure differential applied across the piston the unit is 
of sufficient magnitude to maintain the spring 215 in a 
compressed condition, the valve assembly 204 is held at 
an open position and fluid may flow through the piston 
unit. The valve assembly is prevented from moving 
farther downwardly from the position of FIGURE 6B 
by the engagement of the lower end of the valve core 222 
with the upper end of the nose 213 on the lower spring 
spider 211. When the pressure differential across the 
piston unit reduces to a lower value the valve assembly 
will return upwardly to either an intermediate position or 
back to the closed position of FIGURE 6A depending 
upon the extent of the reduction. It will be obvious that 
even with the valve assembly in the open position the 
pressure differential applied across the piston unit to main 
tain the valve assembly in such position is communicated 
into the annular space 251 holding the packer element 202 
eXpanded outwardly and biasing the piston unit down 
Wardly and if the obstruction in the flow conduit is not 
Sufficient to hold the piston unit against movement the 
unit may move along the flow passage. Normally, of 
course, when the piston unit has not encountered an ob 
Struction in the flow pasage and when it is not overloaded 
by an excessively long or heavy string of well tools, the 
valve assembly will remain at a closed position so long 
as the pressure differential across it is maintained below 
the level determined by the springs 215 and the piston 
unit will be displaced along with its well tool string 
through the conduit or flow channel in the direction of 
the lower pressure. 
The thrust which each of the piston propulsion units 

delivers to its tool train responsive to a pressure differen 
tial applied across the piston unit is determined largely 
by the characteristics of the springs 215. The springs 215 
are readily interchanged to provide the required charac 
teristics for adjusting the piston units to provide the de 
sired thrust forces to the tool trains in either direction. 
The upper and lower springs 215 may have identical or 
different characteristics depending upon whether or not 
the piston unit is to apply the same thrust in both direc 
tions to the tool train. For example upper and lower 
Springs 215 having identical characteristics may be utilized 
in a piston unit whereby the unit will apply a maximum 
thrust of 500 pounds in either direction, with the valve 
of the piston unit moving to its full open position when 
the pressure differential applied across the unit exceeds 
the value required to displace the valve to either of its 
closed positions against its springs. Stronger Springs may 
be chosen, for example, to increase the thrust which the 
piston will apply to a tool train before its valve moves 
to an open position to allow fluid to bypass through it. 
Similarly, the thrust applicable by the piston unit is re 
duced by the choice of a weaker spring. If it is desired 
that a piston unit deliver a thrust of one value in one 
direction and of another value in the other direction 
Springs 215 of unequal value are selected. For example, an 
upper spring may be chosen whereby the piston unit 
delivers a maximum upward thrust of 500 pounds while a 
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substantially weaker lower spring 215 is chosen so the 
piston unit delivers a downward thrust of only 50 pounds. 
In the tool train A its piston propulsion unit 200 utilizes 
upper and lower springs 215 of identical characteristics 
whereby the upward and downward thrusts applicable by 
the piston unit are identical in value. 
The piston unit 200 is secured to the down-shift assem 

bly 300 by a coupler 260 which provides an articulated 
connection between the lower end of the piston unit and 
the upper end of the down-shift assembly. The coupler, 
illustrated in further detail in FIGURES 6E-6G, consists 
of longitudinally extending male and female members 261 
and 262 yieldably held against relative radial and longi 
tudinal movement by an encircling spring 263. The male 
coupler member 261 has a central semi-tubular section 
264, spring retainer flanges 265 providing inwardly facing 
stop shoulders 266 and outwardly convergent oppositely 
facing shoulders 267. Extending endwardly from the 
flanges 265 are reduced semi-tubular end sections 268 
each of which is provided with an end flange 269. The 
end locking flanges 269 provide inwardly facing con 
vergent shoulder Surfaces 270 and opposing or oppositely 
facing outwardly convergent end shoulder surfaces 271. 
The flanges 265 and 269 are each substantially semi 
circular in cross section. 
The female coupler member 262 is provided with a 

central semi-tubular body section 272 having integral 
flanges 273 which provide facing spring retainer shoul 
ders 274. The flanges 273 are provided with the oppositely 
facing outwardly convergent shoulders 275. Extending 
endwardly from the flanges 273 are reduced, semi-tubular, 
end sections 276 on each of which is formed an end lock 
ing flange 277. The locking flanges 277 have oppositely 
facing outwardly convergent end surfaces 278 and inside 
inwardly convergent facing shoulders 279. The spring re 
tainer and end flanges together with the connecting re 
duced end sections of both the male and female con 
nector members are identical in configuration. 
The male member 261 has a pair of longitudinally ex 

tending parallel inside edge surface 280 which, along 
portions of their lengths as shown in FIGURE 6E, mate 
with a pair of similar inside longitudinal parallel edge 
Surfaces 281 along the female coupler member when the 
couplers are aligned. The contour of the edges 281 on 
the male member provide a longitudinally extending male 
lug 282 along each edge defined between inwardly con 
vergent end shoulders 283. The edges 281 of the female 
connector member are each shaped to provide a longi 
tudinally extending female recess 284 defined between 
facing inwardly divergent shoulders 284 which slope at 
substantially the same angles as the shoulders 283 on 
the male lugs. The male lugs are longer than the female 
recesses so that the entire length of the male lugs is not 
receivable in the recesses. 
The normal relative positions to which the male and 

female coupler members are biased by the springs 263 
are shown in FIGURES 6 and 6E. The spring 263 en 
circles the semi-tubular central body section 264 and 
272 of the coupler members and is confined at opposite 
ends between the spring retainer shoulders 266 on the 
male member and 274 on the female member, respective 
ly. The spring biases the coupler members toward the 
longitudinal alignment illustrated particularly in FEG 
URE 6E such that opposite end sections of the male lugs 
282 are held in engagement with end female mating edge 
surfaces 281a which form the end sections of the mating 
edges of the female member extending endwardly from 
the female recess 284. Since the male lugs on the male 
coupler member are longer than the female recesses, when 
the lug edges are held in engagement with the end edge 
surfaces 281a along the mating edges of the female mem 
ber, the male and female members are held in substan 
tially parallel relationship with each other. So long as 
the male and female members of the coupler are held by 
the spring in the longitudinal alignment shown, they will 
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remain in the parallel relationship with the male lugs 
unable to enter the female recesses. 
The coupler is connected with adjacent apparatus, such 

as the piston 200, by longitudinally misaligning the male 
and female members until the end sections of the mem 
bers at the one end of the coupler may be compressed 
toward each other sufficiently for the locking flanges at 
that end of the coupler to pass within an internal annu 
lar locking flange in the tool to which the connector is 
being secured. Specifically, for example, to connect the 
coupler with the piston unit 200, the male and female 
members of the coupler are grasped either manually or 
with suitable tools and displaced longitudinally relative 
to each other so that at the end of the coupler to be con 
nected with the piston unit the end section of the male 
member is moved toward the female recess of the female 
member until the end shoulder 283 of the male lug 282 
is moved between the end shoulder 284a defining the 
female recess. The male lug should be moved only a 
minor distance beyond the female recess shoulder. The 
desired relative movement of the coupler members is 
effected by applying a force to the shoulder 267 of the 
male member at the end of the coupler to be connected 
with the piston unit and either holding or applying an 
oppositely directed force to the shoulder 275 of the 
female member at the opposite end of the member from 
the end of the coupler to be connected with the piston 
unit. The spring stop shoulder 266 on the male member 
at its end against which a force is applied to the member 
compresses the spring 263 moving it away from the 
shoulder 274 at that end of the female member. At the 
other end of the female member the spring is compressed 
against its retainer shoulder 274 while being displaced 
from the male member spring retainer shoulder 266. An 
inward radial component of the forces applied to the 
sloping shoulders 267 and 275 to longitudinally misalign 
the coupler members biases the members toward each 
other. When the shoulders 283 on the male lugs at the 
ends of the lugs moving toward the female recess ad 
vance past the shoulders 284 of the female recess, the 
end of the male member at that end of the coupler is 
compressed toward the female member with an end sec 
tion of the male lug at such end of the coupler being 
received in the female recess so that the locking flanges 
269 and 277 of the male and female members are moved 
closed together. The contracted locking flanges of the 
coupler at its compressed end are inserted past the inter 
nal locking flange 207 on this end connector of the piston 
into the recess 208 of the piston unit end member. When 
both of the locking flange shoulders 270 and 279 on the 
coupler members have been inserted into the locking re 
cess past the internal annular shoulder 207a of the flange 
207 the opposing forces being applied to the opposite 
end section of the coupler members are relaxed allowing 
the spring 263 to expand so that the force applied by 
the opposite ends of the spring against the stop shoulders 
266 and 274 of the male and female coupler members, 
respectively, realigns the members longitudinally. As the 
end of the male lug within the female recess 208a moves 
relative to the female member toward the adjacent end of 
the female member the shoulder 283 on the male lugen 
gages the shoulder 284 defining the adjacent end of the 
female recess. The male lug is cammed outwardly from 
the female recess until the mating surfaces 280 on the 
male member again slide along the adjacent mating sur 
faces 281 of the female member as the coupler mem 
bers return to longitudinal alignment. With the male and 
female members returned to their normal positions, the 
end section of the connector adjacent to the piston unit 
is locked within the locking socket chamber 208 of the 
piston unit. 
The outside diameter of a circle co-incident with the 

peripheral surfaces of the locking flanges 269 and 277 of 
the coupler within the locking socket recess of the piston 
unit is greater than the internal diameter of the locking 
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flange on the piston end member so that a force tending 
to pull the coupler away from the piston unit engages 
the locking flange shoulders 270 and 279 on the coupler 
members with the shoulder 207a on the internal annular 
flange 207 of the end member of the piston unit. While 
such engagement between the shoulders 267a and the 
shoulders 270 and 279 of the coupler biases the end sec 
tions of the coupler toward each other, the longitudinal 
alignment of the male and female coupler members posi 
tions the end sections of the male lugs 283 within the 
piston member along the portions 28 of the adjacent mat 
ing surfaces of the female member so that the male and 
female member end sections cannot be cammed together 
sufficiently for the withdrawal of the coupler from the 
end socket member of the piston unit. 
The coupler is similarly connected with the upper end 

of the monitor unit of the down-shift assembly by forcing 
the coupler members longitudinally in the other opposite 
directions relative to each other so that the other end 
section of the male lug adjacent to the monitor unit is 
receivable in the female recess of the female coupler 
member adjacent to the monitor unit. The coupler mem 
bers at such ends are compressed together for insertion 
into the locking socket of the monitor unit as previously 
described. 

It will be clear that the locking recess 208 in the end 
members of the piston unit must be of sufficient length, 
that is, the distance between the internai annular flanges 
207 and 209 must be sufficiently great to permit the 
longitudinal displacement of the male and female coupler 
members required for the end sections of the coupler 
members to be compressed together for insertion into 
the locking socket. Thus, the distance between the fanges 
207 and 209 must be greater than the distance between 
corresponding locking flange shoulders or the coupler 
member end sections when they are longitudinally dis 
placed and compressed together. The locking recess 268 
must also be of greater internal diameter than the external 
diameter of the circle in which lie the external Surfaces 
of the locking flanges of the coupler members when the 
coupler members are in the position illustrated in 
FIGURE 6E. This permits slight outward movement of 
the adjacent ends of the coupler members, for example 
the lower ends thereof, FIGURE 6E, when the members 
are misaligned to permit connection of the coupler to one 
tool at one end while connected to another tool at its 
other end. The outer surfaces of the coupler members 
when the coupler members are in alignment must be 
spaced from the annular vertical surface defining the 
recess 208 and the outer surfaces of the coupler members 
must be spaced from the flange 207 to permit pivotal 
movement of the coupling relative to the tool 200. The 
coupler is removable by longitudinally displacing its male 
and female members as described above to compress the 
end sections of the members together at the end of the 
connector which is to be removed from a locking Socket. 
When the coupler member end sections are so compressed 
the coupler is withdrawn from the locking socket. 
When adjacent tools connected by a coupler 260 are 

are compressed toward each other longitudinally, each 
opposite end section of the coupler is inserted farther 
into the locking socket of the tool to which it is con 
nected until the outwardly facing shoulders, such as the 
shoulder 207b on the end member of the piston unit, 
engage the shoulders 267 and 275 of the male and female 
members of the connector member. When Such shoulders 
of adjacent tools interconnected by a connector member 
260, such as the piston and down-shift units, are engaged 
with the opposite end shoulders 267 and 275 on the 
coupler members an essentially solid connection is pro 
vided between the connected tools through the coupler 
members. The tolerances provided within the connector 
sockets, such as the end members 205 of the piston unit, 
and the locking flanges and other characteristics of the 
coupler 260 are such that an articulated connection is 
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provided between adjacent tools connected by a coupler, 
thereby facilitating the movement of a tool train includ 
ing a plurality of tools connected by couplers 266 through 
curved portions of a flow conductor. The male and female 
members of the coupler may be displaced longitudinally 
to a minor degree when the longitudinal axis of the 
coupler is not aligned with the longitudinal axis of the 
tools between which the coupler is secured. Sufficient 
displacement, however, is not effected to permit one end 
of the male lug to move into an end of the female recess 
and thus the coupler remains engaged within the locking 
socket of connected tools even while curved sections of 
the flow conductor are being traversed by the coupler 
and tools connected by it. 
The down-shift assembly 300 is illustrated in FIGURES 

7-7G and 8-8B. The down shift assembly is activated 
upon approaching each sliding sleeve valve in the flow 
conductor, engages each sliding sleeve valve in an upper 
end position, moves the sliding sleeve downwardly to a 
lower end position, and disengages from the downwardly 
shifted sliding sleeve releasing the tool train to move 
downwardly to the next sliding sleeve. The down-shift as 
sembly includes a monitor unit 30, which functions to 
release the down-shift assembly from a shifted sleeve, 
and a sleeve shifting unit 302, which engages the sleeve 
valve and moves it from an upper end position to a lower 
end position. 
The monitor unit is illustrated in detail in FIGURES 

7-7G. Referring particularly to FIGURE 7, the monitor 
unit is connected with a coupler 260 by its top connector 
socket 363 which is a hollow member having a locking 
chamber 304 open at its upper end through an upper end 
internal annular locking flange 365. The connector Socket 
has a lower reduced neck section 306 threaded on an 
upper end section 307 of a slider 308 which performs mul 
tiple functions of locking the trigger mechanism of the 
monitor unit and activating the locking key or slip mech 
anism of the shifting unit. The connector socket is held 
against rotation relative to the slider by a lock pin 309 
introduced through a radial hole 309a in the socket into 
a corresponding hole in the upper end section of the 
Slider. 
The monitor unit includes a sider retainer cap 310 

threaded into a tubular trigger housing 311 and held 
against rotation relative thereto by a locking wire 312 
extending annularly around the retainer cap and having 
one short bent end 313 extending longitudinally through 
alignabie shallow locking slots in the retainer cap and 
outer surface of the trigger housing. The trigger housing 
311, illustrate in further detail in FIGURES 7B and 7C, 
is generally tubular in shape having a slightly inwardly 
converging tapered lower end section surface 34 and an 
internally threaded upper end section 315. The trigger 
housing is provided with an elongated, laterally opening 
blind chamber or slot 316 which extends substantially 
the length of the housing and laterally into the housing 
almost the depth of its diameter. The threaded bore 315a 
of the section 315 opens into the slot 316. The trigger 
housing is provided with a circular blind hole or recess 
3i 7 and a square bind hole or recess 318 which are 
spaced from each other, oriented laterally relative to the 
longitudinal axis of the trigger housing, and open into the 
back or base surface of the recess 316. As explained in 
more detail hereinafter, the recess 3i.7 receives one end 
of the feeler biasing spring while the recess 318 receives. 
one end of a monitor unit trigger. The trigger housing is 
also provided with pivot pin holes 319 and 320 each of 
which extends perpendicular to and spaced from the 
longitudinal axis of the trigger housing and perpendicular 
to and opening through a side wall of the recess 316. A 
reduced threaded end section 321 formed on the other 
end of the trigger housing is provided with a semi-spher 
ical ball socket 322 adapted to receive a spherical ball 
unit to provide a universal connection between the moni 
tor unit 301 and the sleeve shifting unit 302. A bore 323 
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having an axis coincident with the longitudinal axis of 
the trigger housing communicates the chamber 322 with 
the recess 36. 
The slider 338 of the monitor unit 38i has a central 

body portion 324 which has substantially flat side faces 
325, a semi-cylindrical base edge surface 326 and has 
one end section 327 which is enlarged to a substantially 
cylindrical shape. The body section 324 has a contoured 
front edge surface comprising a downwardly sloping 
end section 328, a central section 329, an upwardly slop 
ing portion 336, and a downwardly sloping portion 331. 
The surface 33 is interrupted by a laterally extending 
slot 332 the bottom of which slopes slightly downwardly 
forward toward the longitudinal axis of the slider. A trig 
ger sear 333 of a very hard material, such as tool steel, 
is positioned within the recess 332 and suitably con 
nected with the slider by welding or soldering. The trig 
ger sear has an upper front surface 334 extending at a 
slight angle and inwardly toward the longitudinal axis 
of the slider and a lower front face 335 which extends 
in a plane common with a downwardly sloping Surface 
336 of the slider central body portion. The front surface 
334 of the trigger sear is spaced sufficiently from the slider 
body surface 331 that the top edge of the sear forms a 
stop shoulder 337. The central body portion of the slider 
has a laterally extending elongated slot 339 longitudinally 
positioned between the enlarged section 327 and the trig 
ger sear and opening from and through both the back 
surface 326 and the front central surface. The opposite 
ends of the slot 339 are defined by a curved surface 340 
adjacent the enlarged section 327 and a stepped curved 
surface comprising a section 341 connecting with the 
front face 329, a flat shelf-like surface 342 intermediate 
the front and back surfaces of the body section and a 
lateral surface 343 connecting with the back surface 326 
of the body section. 
A lower push rod 344 having a longitudinal axis coinci 

dent with the axis of the reduced threaded upper end 
section 307 is formed on the central body section of 
the slider. The diameter of the push rod 344 permits it 
to extend slidably through the bore 323 of the trigger 
housing 311 when the slider is positioned through the 
housing as in FIGURE 7. At the upper end of the slider 
an intermediate cylindrical section 345 is formed between 
the enlarged section 327 and reduced end section 307. 
The intermediate section 345 slidably extends through a 
bore 346 in the retainer cap 310. The outside diameter of 
the intermediate section 345 is substantially equal to the 
outside diameter of the reduced neck section 306 on the 
connector socket. The slider is movable longitudinally 
within the trigger housing with the bottom surface 326 of 
the slider being slidably supported on the base or back 
surface 316a of the slot 36 in the trigger housing. 
A trigger 347, illustrated in detail in FIGURES 7D 

and 7E is pivotally supported in the recess 36 of the 
trigger housing on a pin 348 extending through a hole 
349 in the trigger and correspondingly positioned holes 
319 in the trigger housing. The trigger is generally L 
shaped having a trigger locking leg 350 and a feeler lock 
ing leg 351. The feeler locking leg 351 is positioned ion 
gitudinally along the slider surfaces 330, 331, and con 
necting slider surfaces, while the locking leg 350 extends 
through the slot 339 of the slider into the blind hole 318 
of the trigger housing. A surface 352 on the trigger lock 
ing leg is engageable with the surface 343 in the slider 
slot 339 to hold the trigger against counter-clockwise ro 
tation about its pin 348 as viewed in FIGURE 7. The 
trigger functions between the slider and a laterally mov 
able pivoted feeler 354 to release the feeler for lateral 
movement relative to the trigger housing and to lock 
the feeler against lateral movement. The feeler locking 
leg 351 of the trigger has a back face adjacent to the 
slider comprising contiguous surfaces 355, 356 and 357 
which are sloped at angles such that the surfaces are 
generally complementary to the contiguous surfaces 330 
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through 336 on the slider. As best seen in FIGURE 7E 
the thickness of the feeler locking leg of the trigger is re 
duced to provide a section 358 which has a lateral trape 
zoidal opening 359. The width of the reduced portion 
358 of the feeler locking leg is reduced to provide a 
downwardly extending toe 360. The reduced thickness 
of the trigger leg 351 near its back side is increased to 
rovide side longitudinal ramp sections 361 along a 

portion of the reduced section 358. The back face of the 
trigger leg 351 has a recess 362 opening toward the slider 
for a laterally extending insert 363 formed of a suitable 
hard material, such as tool steel. The surface 364 of the 
insert extends generally in alignment with the surface 
357 of the leg 351 which in the position of the trigger 
in FIGURE 6 also extends along and adjacent to the 
surface 336 on the slider. The insert 363 has a lower 
end locking surface or edge 365 which engages the slider 
insert locking edge 337 in a manner to be explained herein 
after to lock the slider at its activated or cocked position. 
The feeler 354 which is illustrated in further detail 

in FIGURES 7F and 7G is movably positioned within 
the slot 36 of the trigger housing pivotally supported on 
a pin 366 extending through a lateral hole 367 in the 
feeler and the holes 320 of the trigger housing. The feeler 
has a longitudinal slot 368 extending downwardly from 
about midway between opposite ends of the feeler open 
ing through its lower end. The slot 368 along a lower 
end section 368a opens only through the back face of the 
feeler while the slot opens completely through the feeler 
from front to back along its other section 368b to re 
ceive the reduced portion 358 of the trigger leg 351. A 
Spring 369 is coiled around the pin 366 within the slot 
section 368a of the feeler. One free end section 370 of 
the spring engages a feeler surface 368c defining the 
front of the slot section 368a while the other end section 
37 of the spring engages the front face of the toe 360 of 
the trigger to bias the trigger clockwise relative to both the 
feeler and trigger housing. A stop pin 372 secured through 
aligned lateral holes 373 in the feeler extends through 
the slot section 358b of the feeler and the lateral recess 
359 of the trigger so that the biasing effect of the spring 
369 against the trigger toe 360 tends to rotate the trigger 
clockwise to hold the surface 359a of the trigger slot 
359 against the pin 372 to limit the lateral outward 
movement of the feeler relative to the position of the trig 
ger. When the trigger is held in the position shown in 
FiGURE 7, the pin 372 coacting with the trigger holds 
the feeler at its retracted, deactivated position. When the 
trigger is at the position shown in FIGURE 6A, the trig 
ger is moved counterclockwise sufficiently allowing the 
pin 372 within the recess 359 to move laterally outwardly 
permitting the feeler to be expanded outwardly along its 
upper end section through the slot of the trigger hous 
ing. The upper free end section of the feeler has a blind 
hole 374 which opens inwardly through its back face 
to receive one end of a spring 375 the other end of which 
is received within the blind hole 317 of the trigger hous 
ing. The spring is positioned on a spring guide 376 and 
compressed between the feeler and the trigger housing 
for biasing the free end of the feeler laterally outwardly 
from the trigger housing about the pivot pin 366. The 
feeler upper free end section has a contoured outer 
shape or front face comprising the surfaces 377, 378 and 
379 so that the free end of the feeler is received in a 
correspondingly shaped recess provided in a flow con 
duit through which the down-shift assembly is moving 
for releasing the down-shift assembly after it has per 
formed its sleeve shifting function, as explained in more 
detail hereinafter. 
The sleeve shifting unit 302 of the down-shift assembly 

is pivotally connected with the monitor unit 301 to facili 
tate the movement of the down-shift assembly through 
curved sections of a flow conduit. A connector ball 380 
is held within the ball socket 322 of the trigger housing 
311 by a socket cap 38 which is threaded on the reduced 
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lower end section 321 of the trigger housing. A retainer 
wire 382 positioned in an external annular recess 383 
of the socket cap has a short end section 384 which is 
bent to extend longitudinally relative to the monitor unit. 
The retainer wire end section is received in aligned re 
cesses 385 and 385a of the trigger housing and socket cap 
to hold the socket cap against rotation relative to the 
trigger housing. The socket cap has a fragmentary inside 

5 

spherical surface 386 adapted to mate with the Surface . 
of the ball 38 for holding the ball within the socket 
of the trigger housing. A bore 386 through the socket 
cap is defined by an annular downwardly divergent shoul 
der surface 387. A ball link 388 has a reduced threaded 
upper end neck portion 389 extending through the bore 
386 of the ball cap and threaded into a threaded bore 
390 of the ball 380, The divergent annular shoulder sur 
face 387 allows the neck portion of the ball link limited 
pivotal movement about the center of rotation of the ball 
380 providing a limited universal connection between the 
monitor unit and the sleeve shifting unit. 
The ball link 388 has a pair of laterally extending 

oppositely positioned lugs 391 each of which is connected 
with a body or mandrel 392 of the sleeve shifting unit by 
opposite shear pins 393. Each of the lugs 391 has an up 
wardly and outwardly extending bore 394 which intersects 
the shear pin bore in the lug so that a suitable tool, such as 
a screw driver, may be introduced into the bore 394 to 
remove the inward end section fragment of the shear 
pin from the lug if the pin is sheared as explained here 
inafter. 
The sleeve shifting unit mandrel 392 is generally tubu 

lar in shape and has a pair of laterally opening, oppositely 
positioned, rectangular key windows 395. The upper end 
section of the mandrel has a slightly tapered or inwardly 
convergent outside surface 396 connecting with a more 
sharply convergent external annular shoulder surface 397. 
The mandre is internally threaded along a lower end 
section 398 and has an upper end internal annular flange 
399 defining a bore opening 399a into the upper end of 
the mandrel to receive a small end portion of the socket 
cap 381 while permitting the socket cap a limited degree 
of pivotal movement as the monitor unit pivots about the 
ball 380 when the down-shift assembly is traversing a 
curved stction of a flow conduit. 
A laterally expandable and contractable sleeve shifting 

key 400 is supported within the mandre in each of the 
lateral windows 395. The keys 400 have aligned inwardly 
opening blind holes 401. A spring 402 around a spring 
guide 403 is positioned in each set of corresponding blind 
holes 401 biasing the keys apart and laterally outwardly 
through their respective windows 395. Each of the keys 
has a contoured outet surface adapted to mate with cor 
respondingly shaped internal surfaces provided in each 
of the sliding sleeve valves in the production tubing. The 
outside surface of each key includes opposite end in 
wardly convergent surfaces 403 and 404, a longitudinal 
outside surface comprising a long section 405 and a 
shorter section 406 spaced by a recess 407 defined by an 
inwardly sloping cam surface 408, a longitudinal base 
surface 409, and an abrupt sleeve shifting or engaging 
shoulder 410. Each key is generally I-shaped in cross sec 
tion, having a reduced longitudinally extending body por 
tion 411 on which are formed longitudinally spaced and 
laterally extending operator lugs 42 and 43. The lugs 
412 have longitudinally extending vertical locking sur 
faces 412a and inwardly sloping cam surfaces 412b. The 
lugs 413 have corresponding vertical locking surfaces 
413a and end inwardly sloping cam surfaces 413b which 
function as explained hereinafter for retracting and lock 
ing the keys. 
The radial movement of keys 400 is controlled by a 

pair of laterally spaced longitudinally movable key re 
tractors 414 the outside surface of each of which is a 
fragmentary cylindrical surface and the inside surfaces 
of which are contoured mirror images of each other 
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adapted to fit on opposite sides of the pair of keys 400. 
Each of the key retractors has an internal longitudinally 
extending recess 415 defined by inner parallel facing lock 
ing surfaces 416, inwardly convergent cam surfaces 417, 
outer parallel facing locking surfaces 4:8, inner parallel 
facing locking surfaces 49, inwardly convergent cam Sur 
faces 420, and outer parallel facing locking surfaces 421. 
The key retractors are parallel with and laterally spaced 
from each other within the bore 392a of the mandrel on 
opposite sides of the keys 400 so that the lugs 412 and 
43 of each of the keys are positioned within the key re 
cesses 415 while the locking portion 400a of each of the 
keys is positioned laterally outwardly of the key retractors 
So that these locking portions may be expanded and 
retracted through the windows 395 of the body. The fac 
ing inside edge surfaces 44a of each of the key retractors 
fit in sliding relationship with the opposite longitudinal 
faces 411a of the central longitudinal body section 4i.fi 
of each of the keys. The pair of key retractors is movable 
longitudinally within the body 392 relative to the keys so 
that the various cam and locking surfaces defining the re 
cesses 415 of the key retractors coact with the locking 
and can Surfaces of the operator lugs for holding the keys 
retracted and limiting their radial expansion. 

Each of the key retractors 414 has an inwardly opening 
semi-cylindrical recess 422 which communicates at its 
lower end into the recesses 415 and at its upper end with 
a reduced semi-circular recess 423 defining an internal 
semi-annular shoulder 424 at the upper end of the recess 
422. A semi-annular shoulder 425 defines the lower end 
of the recess 422. A lower portion of the ball link 388 is 
positioned between the key retractors which are laterally 
spaced in parallel relationship sufficiently for the lugs 391 
of the ball link to extend to the wall of the bore 392a 
between the adjacent facing edge Surfaces 44a of the two 
key retractors. The ball link has semi-annular external 
flanges 426 which are circumferentially spaced from each 
other 180 degrees and are each positioned between and 
on opposite sides of the lugs 391 of the link at 90 degrees 
spacing from the lugs. The flanges 426 are each received 
within the recess 422 of the adjacent key retractor so 
that the key retractors are lifted by the ball link when 
each flange 426 engages the shoulder 424 of its key re 
tractor upon upward movement of the ball link after the 
shearing of the pins 393 as explained hereinafter. 
The ball link 388 has a longitudinal bore 427 which 

receives a key retractor push rod 428, the upper end of 
which projects above the upper end of the reduced neck 
section 389 of the ball link to engage the lower end of 
the push rod 344 on the slider 308. The lower end of the 
push rod 428 is enlarged providing a head portion 429 
forming an external annular fange 430 around the push 
rod projecting into the recess 422 of each of the key re 
tractors between the lower end of the ball link and the 
shoulders 425 of the key retractor so that the flange 430 
on the push rod 428 engages the shoulders 425 of the key 
retractors to move the key retractors downwardly away 
from the ball link responsive to downward movement of 
the push rod through and relative to the ball link. 
A key retractor spring 43 is confined on a combina 

tion spring guide and push rod 432 having an enlarged 
head section 433 provided with an external annular flange 
434 which is engageable with the lower ends 414b of the 
key retractors for moving the key retractors upwardly to 
retract the keys 400 inwardly. The spring 431 is con 
fined within a lower end section of the mandrel 392 and 
a tubular bore 435 of an end socket 436 having an in 
ternal annular flange 437 supporting the lower end of the 
spring. The end socket 436 has a reduced neck section 438 
threaded into the end section 398 of the mandrel 392. 
A locking wire 439 fitted in an external annular recess 440 
of the end socket has a bent end section 441 which ex 
tends through longitudinal alignable slots 442a and 442 
in the end socket and mandrel 392, respectively, for hold 
ing the end Socket against rotation relative to the mandrel. 
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The end socket has a lower internal annular end flange 
443 defining the lower end of a locking recess 444 ex 
tending upwardly to the flange 437 for receiving the lock 
ing flanges on the upper end of another connector 260 
which secures the detent unit 700 with the down-shift 
assembly. The connector 260 has been previously de 
scribed. 
The down-shift assembly 300 normally traverses a flow 

conductor in a de-activated condition in which its sleeve 
shifting keys 400 and the feeler 354 of the monitor are 
held at their retracted positions. The primary function 
of the keys 400 is to engage and longitudinally shift the 
sliding sleeve of each sleeve valve 123 while the monitor 
unit de-activates and releases the keys after the sleeve 
has been properly shifted so that the down-shift assembly 
may continue its passage along the conduit. 
The down-shift assembly is activated, that is, the keys 

and the feeler of the monitor unit are released and resili 
ently biased radially outwardly by holding the assembly 
against downward movement while applying a downward 
force to its connector socket 303. As will be explained 
in further detail hereinafter, the sleeve shifting unit of the 
down-shift assembly is held against downward movement 
by the detent unit 700 while the piston unit 200, respon 
sive to a pressure differential across it, applies a downward 
force to the connector socket 303. Since the connector 
socket is rigidly secured on the neck section 307 of the 
slider 308, the slider is forced downwardly until the lower 
end of the connector socket engages the upper end of 
the end retainer 310. The lower end of the push rod 
344 on the slider engages the upper end of the push rod 
428 forcing it downwardly relative to the ball link 388 
so that the head 429 is moved to a spaced apart relation 
ship from the flange segments 426 below the lower end of 
the ball link. The external annular flange 430 on the 
head 429 engages the shoulder 425 in each of the key 
retractors 414. The key retractors are pushed down 
wardly within and relative to the mandrel 392 while the 
keys 400 which are held against downward movement 
by the engagement of their lower end surfaces 400b with 
the lower end Surface 395a of each of the lateral win 
dows 395. The downward movement of the key retractors 
shifts the inner locking surfaces 416 and 419 downwardly 
relative to the key operator lug locking surfaces 412a 
and 413a, respectively. The key retractors are moved 
downwardly until the outer locking surfaces 418 and 421 
are aligned with the key lug locking surfaces 413a and 
412a, respectively, releasing the keys for expansion 
through the windows 395. The keys 400 are each expanded 
outwardly by the expansion of the springs 402 until the 
outer surfaces of the keys engage the inside surface of 
the flow conduit through which the down-shift assembly 
is moving or until the key lug surfaces 413a and 412a 
engage the outer locking surfaces 418 and 421, respec 
tively, of the key retractors. Under the operating condi 
tions generally encountered within the system of the in 
vention the keys will engage the inside wall of the flow 
conduit or the recess of a sliding sleeve prior to reach 
ing their maximum expansion. Thus, the keys normally 
will reach their maximum expanded positions at which 
the key retractor locking surfaces 418 and 421 are en 
gaged with the key lug surfaces 413a and 412a, respec 
tively, only when the tool is not within a confining Sur 
face such as before insertion into the flow conductor. 
The forcing of the key retractors downwardly by the 

push rod 428 also forces the push rod 432 downwardly 
due to the engagement of the lower ends of the key re 
tractors with the flange 434 on the push rod. The spring 
431 is compressed between the flanges 434 and 437. 
The downward movement of the slider 308 not only 

releases the keys for lateral expansion but also releases 
the feeler 354 and releasably locks the slider at a down 
ward position at which the keys and the monitor feeler 
remain resiliently biased outwardly until the slider is re 
leased and returned to its normal upper end position. The 
movement of the surface 343 of the slot 339 of the slider 
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downwardly from the surface 352 of the trigger locking 
arm releases the trigger for counter-clockwise rotation 
about its pivot pin 348. Contact of the lower end section 
of the locking arm with the lower end wall of the recess 
318 in the trigger housing limits the counter-clockwise 
rotation of the trigger while permitting the trigger to 
rotate to a sufficient extent to allow proper functioning 
of the feeler mechanism. The end section 371 of the 
Spring 369 resiliently biases the trigger in a clockwise 
direction against the pin 372 which is secured to the feeler 
354. The Spring section 37 resiliently maintains engage 
ment between the trigger and the feeler thus preventing 
slack between them while permitting their relative rela 
tionship to change. With the slider moved downwardly 
disengaging or freeing the trigger for counter-clockwise 
rotation the force of the compressed spring 375 against 
the upper free end of the feeler lifts the feeler about 
its pivot pin 366 moving the pin 372 laterally outwardly 
in an arcuate path about a point of rotation at the cen 
ter of the pin 366. The lateral movement of the pin 372 
lifts the feeler locking arm of the trigger causing the 
trigger to rotate counter-clockwise about its pin 348. The 
inside Wall of a flow conduit through which the down 
shift unit is moving generally limits the lateral outward 
movement of the feeler 354 to an intermediate position 
which will permit some further counter-clockwise move 
ment of the trigger so that the trigger may perform its 
function of locking the slider at its lower end position. 
With the feeler stopped somewhat short of its maximum 
expanded position additional downward movement of the 
slider 308 relative to the trigger causes the surfaces 336 
and the insert 333 of the slider acting along the surfaces 
357 and 364 of the trigger to rotate the trigger farther 
counter-clockwise about its pin 348 with the surface 359a 
of the recess 359 in the trigger being moved apart from 
the pin 372 against the force of the spring 369. When the 
edge 337 of the insert 333 on the slider has moved below 
the edge Surface 365 of the trigger insert, the spring 
arrin 371 causes the trigger to return clockwise with the 
trigger insert edge surface 365 moving into potential 
engagement with the slider insert edge surface 337 so 
that the two insert surfaces are ready to sustain the up 
Ward force of the compressed spring 43 acting through 
the key retractors and the push rod 428 against the 
lower end of the push rod 344 on the slider. So long 
as the trigger insert surface 365 is urged against the slider 
insert Surface 337 with the spring end section 371 biasing 
the trigger clockwise, the slider is held locked at a down. 
Ward position. The relative dimensions of the various 
components of the trigger and feeler assembly are such 
that when the trigger is so interlocked with the slider 
to hold it at its lower end position, the spring section 371 
biases the trigger in a clockwise movement so that its 
recess edge surface 359a is near the pin 372 of the 
feeler 354. 
The down-shift assembly is releasable from the above 

clescribed activated condition by further lateral expan 
sion of the feeler 354. As will be explained in more detail 
hereinafter, each sliding sleeve valve has recess means 
into which the feeler 354 expands when the sleeve shift 
ing unit of the down-shift assembly has completed its 
sleeve shifting function. Thus, when the down-shift assem 
bly moves to a position within a flow conduit when the 
feeler 354 may expand laterally outwardly a greater dis 
tance from the longitudinal axis of the assembly then 
permitted by the normal wall surface of the conduit, the 
spring 375 pivots the feeler 354 farther clockwise about 
its pin 366 causing the pin 372 acting on the trigger sur 
face 359a within its recess 359 to rotate the trigger coun 
ter-clockwise. The trigger insert surface 365 is moved 
laterally from the slider insert surface 337 disengaging 
the insert surfaces releasing the slider for upward longi 
tudinal movement. The compressed spring 431 lifts the 
push rod 432 raising the key retractors whose shoulders 
425 engage the flange 430 on the push rod 428. The push 
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rod 428 is raised forcing the push rod 344 on the slider 
upwardly. The upward movement of the key retractors 
and the push rod substantially simultaneously retracts 
both the sleeve shifting keys 400 and the feeler 354 of 
the monitor unit. 
The upward movement of the key retractors effected 

by the expansion of the spring 431 causes the key retrac 
tors to move relative to the keys 400 each of which is 
held against upward movement by the engagement of 
its upper end surface with the upper end surface of its 
window 395. As the key retractors move upwardly rela 
tive to the keys, the retractor cam surfaces 420 engage 
the key lug cam surfaces 412b while the retractor cam 
surfaces 417 simultaneously engage the key lug cam sur 
faces 413b retracting the keys laterally inwardly against 
the force of the springs 402. The spring 431 expands 
until the flange 327 on the upper end section of the slider 
engages and is held against farther upward movement by 
the cap 310 at the upper end of the monitor unit. When 
the slider has reached its upper limit the key retractors 
are positioned relative to the keys such that the retrac 
tor inner locking surfaces 419 and 416 are in alignment 
and engagement with the key lug locking surfaces 412a 
and 413a respectively, thus fully retracting and locking 
the keys at their inward positions at which they are fully 
within the windows 395 in substantially parallel relation 
ship with each other. 
As the slider moves upwardly the insert 333 and ad 

jacent slider surfaces move upwardly relative to the 
trigger 347 while the slider surface 343 in its recess 339 
engages the trigger locking arm along its surface 352 
forcing the trigger to rotate in a clockwise direction so 
that the surface 359a of the trigger recess 359 engages 
the pin 372 rotating the feeler in a counter-clockwise di 
rection around its pivot pin 366. Counter-clockwise 
rotation of the feeler compresses the spring 375 and 
retracts the feeler into the trigger housing recess 316. 
The spring 431 is of sufficient strength and is normally 
compressed to the degree necessary to hold the slider 
and the key retractor at their upper positions at which 
the down-shift assembly is deactivated with the keys and 
feeler all locked at their inward positions until the down 
shift assembly is again compressed longitudinally suffi 
ciently to reactivate it as described above. 

If the shifting keys 400 encounter an obstruction at 
their expanded positions interlocked in a sliding sleeve 
such that the compresesd spring 431 cannot apply Sufi 
cient force to the lower end of the retractors to with 
draw the keys, the downshift assembly is releasable from 
the sleeve by application of an upward force to the top 
connector 303 either by use of a suitable fishing tool or 
additional piston units, as explained hereinafter. The 
upward force lifts the top connector to its uppermost 
position within the retainer cap 310 to apply an upward 
force to the monitor unit so that through the ball con 
nector 380 the ball link 388 is lifted against the shear 
pins 393. When sufficient force is applied to sever the 
shear pins the ball link is released for upward move 
ment relative to the mandrel 392. Upward movement of 
the ball link lifts the key retractors due to the interlock 
ing relationship between the external flanges 426 on the 
ball link with the key retractors. The upward move 
ment of the key retractors retracts the keys 400 inwardly 
in the same manner as described above. Such procedure 
for disengagement of the down-shift assembly from a 
sliding sleeve is resorted to only as an emergency meas 
ure when the spring 431 is not effective for release of 
the shifting keys. 
The down-shift assembly is connected by means of an 

other coupler 260 with the detent unit 700 which func 
tions to releasably hold the tool train at a predetermined 
location against movement within the production tubing 
for such purposes as activating the down and up-shift 
assemblies. The detent unit is adapted to engage recesses 
provided in the sleeve valves, as discussed hereinafter, 
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to hold the tool train against movement until the force 
applied to the tool train by either the upper or lower 
piston unit is increased above a predetermined value dur 
ing which time the particular sleeve shifting assembly 
between the driving piston and the detent unit is ac 
tivated. When the predetermined force on the detent unit 
is exceeded by the driving piston, the detent unit releases 
from the recess with which it is engaged and permits the 
tool train to continue its travel within the flow conductor. 
The detent unit 700 is illustrated in detail in FIGURES 

9 hrough 9K and FIGURE 10. 
The detent unit 700 includes a tubular mandrel 701 

on which are mounted a releasable locking assembly 702 
and a control assembly 703. A top socket connector 704 
threaded on the upper end of the mandrel includes an 
internal annular flange 707 having a locking shoulder 
708. The connector has a locking recess to receive one 
end of the connector 260 for securing the detent unit to 
the down-shift assembly. A bottom connector 712 is 
mounted on the lower end of the mandrel by means of 
a screw 713 which has a shoulder 714 engaging a shoul 
der 715 of an internal annular flange 716 of the bottom 
connector. The bottom connector has an internal annular 
flange 712a having an annular locking shoulder 712b for 
holding the locking dogs on a connector 260 which se 
cures the lower end of the detent unit to the up-shift 
assembly. 
The locking assembly 702 includes a cage 725, longi 

tudinally slidable on an intermediate portion of the man 
drel, and a pair of locking dogs 728 and 728a. The cage 
includes a pair of upper and lower flange portions 732 
and 733, spaced vertical side portions 734 and 735, and 
horizontal planar brace portions 736 and 737 which 
extend between the vertical side portions. The vertical side 
portion 734 has a horizontal outwardly extending flange 
portion 738. The top flange portion 732 and the flange 
portion 738 are provided with pairs of aligned apertures 
744 and 745, respectively, which are aligned with one 
another and with a pair of upwardly opening bores 746 
of the lower flange portion. Pivot pins or posts 748 and 
748a extend through the apertures 744 and 745 and into 
the bores 746 and are rigidly secured by pins 751 which 
extend through suitable aligned apertures in the upper 
ends of the pins and the upper flange portion 732. 
The locking dogs 728 has horizontal top and bottom 

arms 761 and 762 which are positioned adjacent the 
upper and lower flanges 732 and 733, respectively, of the 
cage and arms 763 and 764 which are positioned above 
and below the middle fange portion 738 of the cage. The 
arms of the dogs 728 are provided with vertical apertures 
767 which are aligned with the apertures of the flange 
portions of the cage through which the pivot pin 748 ex 
tends whereby the dog is pivotally movable about the 
vertical axis of the pin. The dog is biased in an outwardly 
direction by a pair of springs 767a and 768a disposed 
about the pin, the spring 767a being disposed between the 
arms 761 and 763 and the spring 768a being disposed 
between the arms 764 and 762. One end portion of the 
Spring 767a engages one edge surface of the vertical cage 
portion 734 and its other end is received in a bore of 
the dog 728. The lower spring 768a similarly has one end 
portion engaging a side of the vertical cage portion 734 
and its other end portion is positioned in a bore of the 
dog 728. 
The dog has a pair of internal horizontal upper and 

lower bosses 770 and 771, see FIGURE 9H, whose 
function will be described below. 
The dog 728a is similar in structure to the dog 728 

and is similarly mounted on the cage and biased out 
Wardly about the axis of the pin 748a. Elements of the 
dog 728a and its mounting and biasing means are pro 
vided with the same reference numerals, to which the 
subscript "a" has been added, as the corresponding ele 
ments of the dog 728 and its mounting and biasing means. 
The cage 725 is vertically movably mounted on an in 
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termediate portion of the mandrel which has a vertical 
side 775, vertical parallel sides 778 and 779 which extend 
perpendicularly from opposite edges of the side 775, and 
planar vertical surfaces 780 and 781, see FIGURE 9G, 
which extend convergently outwardly from the edges of 
the sides 778 and 779 to a central vertical planar surface 
782 which lies parallel to the side 775. The vertical por 
tion 734 of the cage has a configuration corresponding 
to the configuration of the vertical surfaces 780, 781 and 
782 of the mandrel so that the cage is vertically slidably 
but non-rotatably mounted on the intermediate portion 
of the mandrel. The planar internal surface of the ver 
tical portion 735 is engageable with the mandrel side 
775 and the vertical internal surfaces of the vertical cage 
portion 734 being engageable with the mandrel surfaces 
780, 781 and 782. 
The vertical planar side 778 of the intermediate por 

tion of the mandrel is provided with an upper pair of 
spaced horizontal recesses 791 and 792 in either of which 
is receivable the upper internal boss 770 of the dog 728 
and with a lower pair of horizontal recesses 793 and 794 
in either of which is receivable the lower internal boss 
771. The vertical planar mandrel side 779 is provided 
with a similar upper pair of recesses 791a, 792a and a 
lower pair of recesses 793a and 794a in which are re 
ceivable the upper and lower bosses 770a and 771a, re 
spectively, of the dog 728a. The dogs are movable in 
wardly to retracted positions when the cage, and there 
fore the dogs, is in an upper or lower position on the 
mandrel. The dogs are held locked in expanded posi 
tion on the mandrel due to the engagement of the bosses 
770 and 771 of the dog 728 with the locking surfaces 796 
and 797 of the mandrel side 778 between the upper and 
lower pairs of recesses and the engagement of the bosses 
770a and 771a of the dog 728a with the locking surfaces 
796a and 797a of the mandrel side 779 between its pairs 
of recesses. 
The cage 725 of the dog assembly is biased to its inter 

mediate position by a pair of centering springs 801 which 
are disposed in the vertical passages 802 of the cage ver 
tical portion 735. Each of the springs has an upper por 
tion disposed about the reduced lower end portion 804 
of an upper pin 805 which extends downwardly into its 
passage 802. The upper ends of the springs bear against 
the downwardly facing annular shoulders 807 of the up 
per pins. The lower portions of the springs 801 are dis 
posed about the upper reduced end portions 810 of 
lower pins 811 which extend upwardly into the passages 
802. The lower ends of the srings bear against the up 
wardly facing annular shoulder 812 of the lower pins. 
Longitudinal movement of the upper pins relative to the 
cage is limited by pins 814 which are secured to the cage 
and extend through the passages 812 and longitudinal 
slots 815 of the upper pins. Similarly, longitudinal move 
ment of the lower pins 811 is limited by pins 817 secured 
to the cage which extend through the passages 802 and 
longitudinal slots 818 of the lower pins. The upper pins 
engage the bottom end surface of a spring retainer ring 
820 mounted on the mandrel above the cage. Downward 
movement of the spring retainer ring on the mandrel is 
limited by the engagement of its bottom surface with the 
upwardly facing shoulder 821 of the mandrel at the top 
ends of its planar sides 775, 778 and 779. The lower ends 
of the pins 811 are rigidly secured as by welding to a foot 
plate 824. Downward movement of the foot plate 824 
relative to the mandrel is limited by the engagement of 
the bottom surface of the foot plate with the upwardly 
facing external shoulder 825 of the mandrel at the lower 
end of its vertical planar side 775. The springs 801 tend to 
hold the cage in the intermediate position on the mandrel 
illustrated in FIGURES 9 and 9A wherein the internal 
bosses of the dogs are in expanded positions and locked 
against inward pivotal movement to their retracted posi 
tions by the engagement of their internal bosses with the 
locking surfaces of the mandrel. The outward swing of 
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the dogs beyond their expanded positions at which the 
bosses 770, 770a, 771 and 771a are clear of the locking 
surfaces 796, 796a, 797 and 797a, respectively, is limited 
by the engagement of the surfaces of the end positions 
of the dog arms 763, 764, 763a, and 764a with the outer 
surfaces of the member 734 facing the dog arms, FIG 
URE 8G. 
The control assembly 703 includes a control sleeve as 

sembly mounted on the mandrel as shown in FIGURES 
9D, 9E, and 8.J. The control sleeve assembly includes 
a collet ring 831 having a plurality of resilient upwardly 
extending collet fingers 832 provided at their upper ends 
with radially inwardly extending lugs 833 which are se 
lectively receivable in the bottom, middle and top external 
annular recesses 835, 836 and 837 of the mandrel for 
releasably latching the control assembly in a bottom, 
middle or top position on the mandrel. The inner ends 
of the collet lugs have inwardly convergent upper and 
lower cam shoulders 843 and 844 and the shoulders of 
the mandrel defining the top and bottom sides of each latch 
recess are outwardly convergent whereby the camming 
engagement of the lug shoulders 843 with the downwardly 
facing shoulders defining the upper end of the bottom and 
middle latch recesses moves the collet fingers resiliently 
outwardly to permit upward movement of the control 
sleeve assembly from its bottom position to its middle 
position and from its middle position to its top position. 
Similarly, the camming engagement of the bottom lug 
shoulders 844 with the shoulders of the mandrel defining 
the lower ends of the top and middle latch recesses moves 
the collet fingers outwardly to permit downward move 
ment of the control sleeve assembly from its top position 
to its middle position and from its middle position to its 
bottom position. The control sleeve assembly includes 
a pair of sleeve sections 851 and 852 disposed in the 
collet ring and rigidly secured thereby by welding in a 
Way not to affect the resiliency of the collet arms 832. 
The control sleeve section 852 is provided with recesses 
854 in its vertical sides between upper and lower locking 
surfaces 856 and 857 provided by its vertical sides. The 
top and bottom ends of the recesses are defined by the out 
Wardly convergent upper and low cam shoulders 860 and 
861, respectively, which are engageable with the cam 
bosses 864 of a trigger link 865, see FIGURE 9I, to 
cause the trigger link to be pivoted in a counter-clockwise 
direction, FIGURE 9A, about the horizontal axis of the 
pins 870 by means of which the upper end of the trigger 
link 865 is pivotally connected to the cage, to its inopera 
tive position upon movement of the control assembly from 
its middle position illustrated in FIGURE 9B to either 
its top or bottom position. The engagement of the cam 
bosses 864 of the trigger link with the upper locking sur 
faces 856 of the control sleeve section 852 holds the trigger 
link in its inoperative position when the control sleeve 
assembly is in its bottom position on the mandrel and their 
engagement with the lower locking surfaces 857 of the 
control sleeve section 852 holds the trigger link in its in 
operative position when the control assembly is in its top 
position on the mandrel. The sleeve section 851 cooperates 
with the control sleeve section 852 to help hold the control 
sleeve assembly in properly centered position on the 
mandrel. 
Downward movement of the control sleeve assembly 

on the mandrel is limited by a plurality of circumferen 
tially spaced pins 871 whose lower ends bear against the 
top end surface 872 of the connector 712. The outer por 
tions of the pins are disposed in vertical internal circum 
ferentially spaced recesses 873 of the horizontal flange 
844 of a spring retainer ring 875 disposed on the man 
drel and their inner portions are disposed in vertical ex 
ternal recesses 876 of the mandrel which are aligned with 
the recesses 873. All of the pins, such as the pin 871a, 
except a single pin 871b, are short and their upper ends 
bear against the bottom surface of the control section 851 
or 852. The upper end portion of the long pin 871b ex 
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tends into and is secured as by welding in an internal re 
cess 877 so that it is rigid with the control seeve assembly 
and thus prevents rotation of the control sleeve assembly 
relative to the mandrel. 

Since the passages 873 are of somewhat larger diameter 
than the pins 871 and since only one of the pins 871b is 
rigidly secured to the control sleeve, vertical movement 
between the control assembly and the housing may take 
place while rotation of the control sleeve is prevented. 
Upward movement of the spring retainer ring 875 on 

the mandrel is limited by the engagement of its flange 
874 with the downwardly facing shoulder 880 of the 
mandrel. The spring retainer ring 875 is rigidly secured 
to the mandrel by a pin 876a which extends through 
aligned apertures of the ring and the mandrel and a slot 
877a of the screw 713. The connector 712 is yieldably 
biased downwardly by a spring 882 whose upper portion 
extends into the spring retainer ring with its top end bear 
ing against the bottom surface of its flange 874 and whose 
lower portion extends about the upper section of the con 
nector bears against the upwardly facing annular shoulder 
886 of the connector. Upward movement of the connector, 
and, therefore, of the pins 871 on the mandrel is limited 
by the engagement of the top end surface 872 of the con 
nector with the annular bottom end surface 888 of the 
mandrel. 
The trigger link 865 comprises a pair of substantially 

vertical legs 891 and 892 which are connected at their 
upper ends by a connector portion 893. The upper end 
portion of the leg 895 is received between a pair of paral 
lel dependent legs 894 of the cage 725 and is pivotally 
secured thereto by a pivot pin 870 which extends through 
Suitable aligned apertures in the legs. Similarly, the 
upper end portion of the leg 892 extends upwardly between 
the dependent pair of spaced legs 895 of the cage and is 
pivotally connected thereto by a pivot pin 870. The pivot 
pins are provided with enlarged heads which limit inward 
movement of the pins due to their engagement with the 
outer surfaces of the trigger link legs. The pins are held 
against outward movement by split lock rings 896 whose 
outer portions are received in internal annular recesses 897 
of the outer legs 894 and 895. 
The lower end portions of the trigger link legs have 

aligned vertical slots 899 in which are received the outer 
end portions of a vertical trigger plate 900 which extends 
between the legs and through aligned vertical slots 902 
of the mandrel. The trigger plate is secured to the legs by 
a pair of pins 904 which extend through suitable aligned 
apertures in the trigger plate and in the trigger link legs. 
The trigger plate has an upwardly opening upper slot 906 
which provides an upwardly facing planar horizontal catch 
surface 908 which is adapted to engage the downwardly 
facing edge or shoulder 909 of an upper catch or sear 
plate 92 disposed in a lateral recess 914 of the lower 
trigger head 915 threaded to control rod 916. The trigger 
plate, FIGURE 9L, on either side of its upper slot 906 
has upwardly facing cam shoulders 920 which are en 
gageable with the upwardly and inwardly sloping upper 
cam surfaces 922 of the mandrel at the slots 902 thereof. 
The trigger plate also has a downwardly opening lower 
slot 925 which provides a downwardly facing planar 
horizontal catch surface 926 which is adapted to engage 
the upwardly facing horizontal shoulder 928 of a lower 
catch or sear plate 925 disposed in the lateral recess 914 
of the control rod. The trigger plate on either side of the 
lower slot 925 has downwardly facing cam shoulders 930 
which are engageable with the downwardly and inwardly 
sloping lower cam surfaces 931 of the mandrel at the 
slots 902 thereof. The upper and lower sear plates are 
rigidly secured to the trigger head 915, as by welding, 
with a vertical space between their respective sear faces 
909 and 928 greater than the width of the trigger plate 
between its sear faces 908 and 926. 
The trigger link is biased in a counter-clockwise direc 

tion, FIGURE 9A, about the axis of its pivot pins 870 
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toward its operative position wherein the sear faces 908 
and 926 are between and in position to engage the sear 
faces 909 and 928 respectively of the sear plates by three 
springs 935 whose lower end portions are disposed in up 
wardly opening bores 936 of the connector portion 893 
of the trigger link and whose upper end portions bear 
against the bottom of the lower flange portion 733 of 
the cage. 
The trigger head 95 is disposed in the lower enlarged 

bore 940. The enlarged upper portion of the control rod 
936 slides in the bore 94 i of the mandrel and has an 
upper longitudinal slot 950 which is aligned with longi 
tudinal slots 951 of the mandrel and with transverse slots 
in the top spring retainer ring 954. A cross pin 952 fits 
closely in the ring 954 traversing the slots 950 and 951 
which extend vertically more than the width of the pin 
952. The top retainer ring is biased upwardly on the man 
drel by an outer spring 957 whose top end bears against 
the bottom surface of the annular external flange 958 of 
the top retainer ring and whose bottom end bears against 
the top surface of the bottom spring retainer ring 820. 
The stem of the control rod also has a longitudinal slot 
960 which is aligned with the lower longitudinal slot 961 
of the mandrel and a cross pin 964 extends through the 
control rod slot 960 and the mandrel slots 961. The 
cross pin 964 is biased downwardly and away from the 
top spring retainer ring 954 by an inner spring 966 whose 
top end bears against the bottom annular shoulder 968 
of the top spring retainer ring and whose bottom end 
bears against top surface of a lower spring retainer ring 
969 which is formed integral with the retainer ring 820. 
The outer and inner springs yieldably hold the control 

rod in its intermediate position illustrated in FIGURES 9 
and 9A since the upper cross pin is held in engagement 
with the downwardly facing surface 971 of the control 
rod stem defining the upper end of the stop slot 950 and 
the lower pin is held in engagement with the upwardly 
facing surface 972 of the control rod defining the lower 
end of the lower slot 960. The sear plates when the con 
trol rod is in its intermediate position are in position to 
receive the trigger link plate therebetween when the trig 
ger link is pivoted in a counter-clockwise direction. 
The detent unit 700 functions in the tool train to engage 

an appropriate recess at each sliding sleeve valve to re 
leasably restrain the tool train while the desired sleeve 
shifting assembly, depending upon the direction of travel 
of the tool train, is activated for shifting the sleeve valve. 

Prior to installing the detent unit in the tool train, it 
is equipped with pins 871a in its control assembly 703, 
FIGURE 9B, which are short enough that when the con 
nector 712 is forced against the mandrel bottom surface 
888 the control assembly collet 830 is not shifted on the 
mandrel. The control assembly functions only to lock 
the detent unit trigger at an inactive position if it is desired 
that the unit run freely in one direction in a tubing string. 
in installing and removing gas lift valves in accordance 
with the invention, the detent unit is active in both direc 
tions. Therefore, the control assembly is placed with its 
coilet heads 833 in the middle groove 836 on the mandrel. 
Thus, the trigger remains active and the control assembly 
is not shifted when the tool train hits the pin collar 126. 
The external bosses 990 and 990a of the dogs 728 and 

728a, FIGURE 9, are longer than any internal recess of 
the production tubing 104, other than the recesses of the 
sliding sleeves in which it is desired they be received and 
they are substantially shorter than such recesses. The 
bosses 990 and 990a have outwardly convergent top and 
bottom shoulders 991, 992, 991a and 992a. As the detent 
unit 700 is inserted into the conduit section 114a, the 
mandrel is moved downwardly relative to the cage and 
the dogs against the resistance of the centering springs 
801 to align the internal dog bosses 770, 770a, 771 and 
771a with the recesses 791, 791a, 793 and 793a, respec 
tively, of the mandrel. The dogs 728 and 728a are then 
pivoted inwardly to their retracted position against the 
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resistance of the springs which bias them outwardly. The 
trigger link is pivoted in a clockwise direction prior to 
the movement of the cage to its inoperative position in 
order that the force of the springs 957 and 966 be in 
effective to resist this movement. The catch edge or shoul 
der 908 of the trigger link plate is now above the edge 
909 of the upper sear plate 912 and the trigger link is 
hold in its outer inoperative position by the engagement 
of the cam shoulders or edges 920 of its plate with the 
vertical surfaces 993 defining upper portions of the sides 
of the mandrel slots 902 above the upper cam shoulders 
922. The dogs are then held in their inner retracted posi 
tions by the engagement of their external bosses with the 
internal surfaces of the tubing. Since the bosses of the 
dogs are considerably greater in length than any internal 
recess of the production tubing other than the recesses 
of the sliding sleeves, the dogs can move outwardly to 
their expanded positions only when their bosses move 
into alignment with the desired recesses. When the detent 
unit reaches a sleeve to be shifted and the dogs of the 
detent unit move into alignment with the sliding sleeve 
recess, the dogs are moved laterally outwardly by the 
springs 767a and 768a. As soon as the internal bosses of 
the dogs move out of the upper recesses of the pairs of 
mandrel recesses, the centering springs 801 move the 
cage, and therefore, the dogs and the trigger link down 
wardly relative to the mandrel and the control rod to the 
position illustrated in FIGURES 9, 9A, 9B and 9G. This 
downward movement of the cage relative to the mandrel 
occurs prior to the engagement of the bottom shoulders 
992 and 992a of the dogs with the bottom annular shoul 
der of the recess, the length of the recess being consid 
erably greater than that of the external bosses of the 
dogs to permit this downward movement of the dogs 
relative to the mandrel and the nipple while the down 
ward movement of the train of tools and of the mandrel 
through the tubing continues. The inner bosses then en 
gage the locking surfaces between each pair of recesses 
so that the dogs are then held against movement to their 
retracted positions. The downward movement of the trig 
ger link relative to the mandrel and the control rod 
causes the cam shoulders 920 of the trigger link plate 
to move downwardly and below the mandrel cam shoul 
ders 922 and the trigger link is pivoted by the springs 
935 to its operative position illustrated in FIGURES 9A 
and 9B wherein its plate 900 is disposed between the sear 
plates of the control rod. Continued downward move 
ment of the detent unit then causes the bottom shoulders 
992 and 992a of the dogs to engage the bottom shoulder 
of the recess and further downward movement of the 
dogs, and therefore, of the cage and the trigger link is 
arrested. As the downward movement of the mandrel 
and the control rod continues, the bottom edge 909 of 
the upper sear plate 912 engages the top edge 908 of the 
trigger link plate whereupon downward movement of the 
control rod is arrested. The lower cross pin 964 is also 
held against downward movement since it engages the 
surface 972 of the control rod defining the lower end of 
the slot 960 thereof and the lower cross pin in turn holds 
the lower retainer ring against downward movement. As 
the mandrel continues to move downwardly, the upper 
cross pin 952 moves downwardly therewith since it is 
secured to the top retainer ring 958 which in turn is 
engaged by the annular bottom end shoulder of the socket 
connector section 704. Downward movement of the man 
drel therefore is now resisted by the centering springs 
801, and the inner and outer springs 966 and 957 which 
are compressed between the upper and lower retainer 
ringS. 
As the mandrel continues to move downwardly, before 

the mandrel lock surfaces 796, 796a, 797 and 797 a move 
out of engagement with the inner dog bosses 770, 770a, 
771 and 771a, the cam shoulders or edges 920 of the trig 
ger plate are engaged by the cam shoulders 922 of the 
mandrel and the trigger link is pivoted in a clockwise 
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direction, FIGURE 9A. The top edge 908 of its plate 900 
is moved out of engagement with the bottom edge 909 
of the upper Sear plate 912. The control rod is thus 
released suddenly for downward movement relative to 
the mandrel and is moved downwardly by the force of 
the springs 957 and 966. The downward movement of 
the mandrel relative to the cage and the dogs is now 
accelerated and, as the upper recesses of the pairs of 
mandrel recesses now move into alignment with the in 
ternal bosses of the dogs, the camming engagement of 
the bottom shoulders 992 and 992a of the dogs with the 
bottom shoulder of the sliding sleeve recess pivots the 
dogs inwardly, the dogs move out of the recess and the 
cage and the dogs then continue to move downwardly 
with the mandrel. It is during this holding step while the 
detent unit dogs are resisting inward movement to free 
the unit for continued travel that the sleeve shifting as 
Sembly between thed riving piston 200 and the detent unit 
is compressed and activated. This sequence of operation 
of the detent unit is repeated each time the detent uni 
passes downwardly through a sliding sleeve 123. 
The detent unit functions similarly when moving in an 

upward direction in the production tubing. As the train 
of tools moves upwardly and the detent unit moves into 
a sliding sleeve valve, the dogs are moved outwardly into 
its sleeve recess, the centering springs move the cage to 
its intermediate position on the mandrel wherein the dogs 
are again locked against movement toward their retracted 
positions, and the trigger link is moved to its operative 
position. As the upward movement of the unit continues, 
the top shoulders 991 and 991a of the dogs engage a top 
internal shoulder of the sliding sleeve recess. 
When the upward movement of the dogs and the cage 

is thus arrested and the upward movement of the mandrel 
continues, the top edge 928 of the lower sear plate 929 
engages the bottom catch edge 926 of the trigger link 
plate and upward movement of the control rod is now 
arrested. Continued upward movement of the mandrel 
due to the engagement of the bottom spring retainer ring 
820 by the mandrel shoulder 821 and the lower cross pin 
964 causes the bottom retainer ring and the lower cross 
pin to move upwardly with the mandrel and relative to 
the control rod. The upper cross pin 952, and therefore 
the top spring retainer ring 954, is now held against up 
Ward movement due to the engagement of the upper cross 
pin 952, and therefore the top spring retainer ring 954, 
is now held against upward movement due to the engage 
ment of the upper cross pin with the surface 971 of the 
control rod stem defining the upper end of the upper slot 
950. The upward movement of the mandrel and therefore 
of the train of tools is now resisted by the combined force 
of the two springs 957 and 956, as well as of the centering 
spring. Increased froce from the lower piston unit 200 
overcomes the resistance of the springs. As the mandrel 
moves upwardly relative to the cage and the control rod, 
before the lock surfaces of the mandrel move out of en 
gagement with the dog bosses, the lower cam shoulders 
931 of the mandrel at the slots 902 thereof engages the 
trigger link plate lower cam shoulder 930 and the trigger 
link is pivoted in a clockwise direction to move the lower 
edge 926 of its plate 900 out of engagement with the edge 
of the lower sear plate 929. The control rod is thus sud 
denly released for upward movement and is moved up 
wardly by the force of the springs 957 and 956. The up 
ward movement of the mandrel continues and, as the 
lower recesses of the pairs of recesses of the mandrel 
move into alignment with the internal bosses of the dogs, 
the camming engagement of the top shoulders 991 and 
991a of the dogs with the top shoulder of the sleeve valve 
recess pivots the dogs inwardly and the dogs move out 
of the recess and move upwardly with the mandrel. This 
sequence of operation of the detent unit is repeated each 
time the detent unit passes through a sleeve valve recess. 
The detent unit is readily modified to render it inopera 

tive in either direction by elimination of the sear plate 
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holding the control rod against movement in the desired 
direction. For example, the detent unit is modified for 
use as the lower unit in the tool train E so that it is in 
operative in the upward direction by elimination of the 
lower sear plate 912. So modified the control rod is not 
held against upward movement when the mandrel moves 
upwardly and thus the springs 957 and 966 are not com 
pressed when the mandrel is moved upwardly while the 
dogs 728 and 728a engage a locking recess. Since the 
mandrel readily moves upwardly with no spring resistance, 
as the detent unit moves upwardly it does not hold at 
each sleeve but rather freely moves on through each one. 

Further details of the detent unit are illustrated and 
described in my copending United States patent applica 
tion No. 499,358, filed Oct. 21, 1965, wherein it is gener 
ally referred to as a pressure signal generator. 
The sliding sleeve valve assembly 104 and its locking 

nipple portion is illustrated at its upper open position in 
FIGURES 16-16B and at its lower closed position in 
FIGURES 17-17B. Each sleeve valve and landing nipple 
unit comprises a section of the flow conductor 101. Re 
ferring particularly to FIGURES 16-16B, an upper tubu 
lar mandrel 1820 and a lower tubular mandrel 1821 are 
connected together by a central sleeve or mandrel 1822. 
The upper mandrel has an internally threaded upper end 
section 1823 adapted to receive a lower threaded end 
section on the production tubing section immediately 
above the mandrel and the mandrel is further provided 
with an externally threaded lower end section 1824. The 
lower mandrel 1821 has a reduced externally threaded 
lower end or pin section 1825 for connnection of the 
portion of the flow conductor extending below the sliding 
sleeve valve and reduced externally threaded upper end 
section 1826. The lower end section of the upper mandrel 
and the upper end section of the lower mandrel are 
threaded into the upper and lower end sections, respec 
tively, of the central mandrel 1822. 
The upper mandrel 1820 has an internal annular upper 

locking recess 1827 defined between a downwardly diver 
gent upper shoulder 1828 and a lower upwardly divergent 
shoulder 1829 and a lower locking recess 1830 defined 
between an upper downwardly divergent shoulder surface 
1831 and the lower upwardly divergent shoulder surface 
1832. The upper and lower locking recesses 1827 and 
1830 are adapted to receive locking dogs or keys on any 
suitable tool, not shown, which may be positioned in the 
sliding sleeve valve for fluid flow control and other pur 
poses. Such tools comprise no part of the present inven 
tion. 
A longitudinally slidable sleeve 1833 extends through 

the central end portions of the upper and lower mandrels. 
The sleeve slides between an upper open position shown 
in FIGURES 16-16B and a lower closed position ill 
lustrated in FIGURES 17-17B. The sleeve has a plurality 
of longitudinal circumferentially spaced slots 1834 which 
are alignable with a plurality of longitudinal circum 
ferentially spaced slots 1835 in the central mandrel 1822 
when the sleeve is at its upper end position. The central 
mandrel has an internal annular packing 1836 for sealing 
around the sliding sleeve above the slots 1835. The pack 
ing 1836 is held against downward movement in the man 
drel by engagement of its lower end surface with an in 
ternal annular upwardly facing shoulder 1837 provided 
in the mandrel and is limited against upward movement 
by engagement with the lower end surface 1838 on the re 
duced lower end section 1824 of the upper mandrel. A ring 
seal 1839 is received within an external annular recess 
1840 around the lower reduced end section of the upper 
mandrel below its threads to prevent leakage along the 
connection between the upper and central mandrels. A 
ring seal 1841 is positioned below the slots 1835 between 
annular upper and lower female adapter 1842 and 1842a. 
The upper adapter is held against upward movement with 
in the central mandrel by an internal downwardly facing 
annular shoulder 1843 provided in the mandrel. Below 
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the lower female adapter an internal annular split ring 
1844 is positioned within an internal annular recess 1845 
of the central mandrel. The split ring comprises an an 
nular ring structure having a radially inwardly extend 
ing flange 1846 for holding an internal annular packing 
1847 within the central mandrel against upward movemet 
and to prevent force applied to the packing 1847 by a pres 
sure differential from being applied to the ring seal 1841. 
The packing 1847 is held against downward movement by 
the upper end surface 1848 on the reduced upper end sec 
tion 1826 of the lower mandrel. A ring seal 1849 within 
an external annular recess 1850 of the reduced upper end 
section of the lower mandrel seals against leakage along 
the connection between the central and lower mandrels. 
The sleeve 1833 includes a plurality of upwardly ex 

tending longitudinal circumferentially spaced locking fin 
gers 1851 comprising its upper end section. Each of the 
locking fingers has an external transverse recess 1852. The 
recesses 1852 are in longitudinal alignment for receiving 
a snap ring 1853 positioned in an internal annular recess 
1854 of the upper mandrel to releasably lock the sleeve 
at a lower closed position. Upward movement of the 
sleeve is limited by the engagement of the upper ends 1855 
of the locking fingers with an internal annular down 
wardly facing shoulder 1856 provided in the upper man 
drel. An internal annular recess 1857 is defined within the 
upper mandrel between the shoulder 1856 and a lower an 
nular downwardly and inwardly convergent shoulder sur 
face 1858. Below the shoulder surface 1858 a plurality of 
longitudinal recesses 1859 extend above and below the 
lock ring recess 1854 to provide passage for the dispersal 
of possible silt accumulation in the snap ring groove 1854 
when the sleeve is shifted and the snap ring expanded into 
its groove. 
The sliding sleeve has an external annular locking re 

cess 1860 near its lower end to receive a snap ring 1861 
supported in an internal annular recess 1862 in the lower 
mandrel for releasably locking the sliding sleeve at its 
upper open position. A plurality of longitudinal circum 
ferentially spaced internal silt dispersing recesses 1863 are 
provided in the lower mandrel extending downwardly from 
the snap ring recess 1862 and opening at their lower end 
through a downwardly divergent shoulder surface 1864 
defining the upper end of an internal annular recess 1865 
which extends downwardly to an internal annular upward 
ly facing shoulder 1866. The lower end surface 1867 of 
the sliding sleeve is engageable with the shoulder 1866 
limiting the downward movement of the sleeve. 
The upper end of each of the collet fingers 1851 on the 

sliding sleeve has an internal downwardly and inwardly 
sloping cam surface 1868. The lower end of the sliding 
sleeve is provided with an upwardly convergent internal 
annular cam surface 1869. 
The sliding sleeve 1833 has a set of upper internal an 

nular recesses 1870 and 1871 which are adapted, respec 
tively, to receive the bosses 405 and 406 on the shifting 
keys of the down-shift assembly 300 for moving the slid 
ing sleeve from its upper end position to its lower end 
position. The internal annular recess 1870 is defined be 
tween an upwardly and inwardly convergent cam surface 
1872 and a lower internal annular shifting or lock shoul 
der 1873 which is engageable by the shifting shoulder sur 
face 410 on the shifting keys. The recess 1871 is defined 
between an upwardly and inwardly convergent cam sur 
face 1874 and a downwardly and inwardly convergent 
cam surface 1875. 
The sleeve 1833 also has a lower set of sleeve shifting 

recesses 1876 and 1877 which receive the up-shift keys of 
the up-shift assemblies 1000 and 1000A for moving the 
sleeve from its lower to its upper end positions. The re 
cess 1876 is defined between a lower downwardly and in 
wardly convergent cam surface 1878 and an upper down 
wardly facing internal annular sleeve shifting shoulder 
1879 adapted to be engaged by the sleeve shifting shoulder 
410 on the up-shift keys. The recess 1877 is defined be 
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728a pass the various annular recesses in the sleeve valve 
above the recess 1865 since they are longer than Such 
recesses. The detent unit dogs 728 and 728a, which have 
been sliding along and held against further outward 
expansion by the inside surface of the various flow con 
ductor sections through which the tool string is pumped, 
spring outwardly when they are aligned with the locking 
recess 1865. The bottom can surfaces 99.2a on the lower 
ends of the detent unit dogs engage the internal annular 
shoulder 1866 at the lower end of the locking recess 1865 
and due to the outward expansion of the detent unit dogs 
its mandrel is shifted until the inner bosses 770 and 770a 
are aligned with the mandrel bosses 796 and 796a at the 
upper end of the dogs and the inner dog bosses 771 and 
771a at their lower ends are aligned with the mandrel 
bosses 797 and 797a thereby holding the locking dogs in 
their outward locked position so that the entire tool train 
is releasably held against further downward movement 
by the locking dogs on the drag unit. The holding of the 
tool train by the detent unit is detectable at the surface by 
a pressure increase in the fluid being pumped to displace 
the tool train. The pressure of the fluid being pumped into 
the flow conductor is increased to raise the pressure differ 
ential across the upper piston unit causing the piston unit 
to apply more downward force on the tool train which, of 
course, is being held by the drag unit by engagement of its 
locking dogs in the recess at the lower end of the sliding 
sleeve valve. The application of downward force by the 
piston unit and the opposition of such downward force by 
the detent unit forces the piston unit toward the detent 
unit to induce the slack between the piston unit and the 
detent unit with the end sections of each of the couplers 
260 telescoping into their respective end socket chambers 
so that an essentially solid relationship is established be 
tween ends of connected adjacent units of the tool train. 
For example, the upper end of the down-shift assembly 
and the lower end of the piston are coupled together sub 
stantially solidly through the members 261 and 262 of the 
couplers by engagement of the lower end surface of the 
bottom socket 205 of the piston with the shoulders 267 
and 275 on the coupler member while the upper end of 
the top socket 303 on the down-shift assembly is engaged 
by the bottom shoulder surfaces 267 and 275 on the 
coupler members. 

After the slack within the tool train between the piston 
unit and the detent unit is so reduced, the downward 
force of the piston unit compresses the down-shift assem 
bly. Downward force on the top connector Socket 303 of 
the assembly telescopes the reduced neck section 306 
downwardly through the retainer cap 310 to activate the 
down-shift assembly as previously described in detail. 
While the lower end of the down-shift assembly is held 
against downward movement by the detent unit, the 
reduced section 306 forces the slider 308 downwardly 
against the spring 431 compressing the spring until the 
slider sear plate 333 is below the trigger sear plate 363 
with the trigger biasing spring 371 forcing the trigger and 
its sear plate into locking engagement with the slider to 
hold the slider at such lower end position. The downward 
movement of the slider releases the keys 400 which are 
biased outwardly by their springs 402. Also, the down 
ward movement of the slider from the trigger arm 350 
permits the trigger to pivot counter-clockwise which re 
leases the monitor feeler 354 to be biased outwardly by 
its spring 375, as previously explained, against the inner 
surface of the tubing and sliding sleeve valve assembly. 
Thus, the down-shift keys 400 and the monitor feeler 354 
of the down-shift assembly are released and biased out 
wardly against the inside surfaces of the sliding sleeve 
while the entire tool train is held against downward move 
ment by the dogs on the detent unit. At this stage the keys 
400 are above the sliding sleeve of the sleeve valve and 
thus have not yet engaged it. 

After the socket 303 of the down-shift unit has been 
fully compressed downwardly against the retainer 30 of 
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the monitor unit 30, the tool train is not further com 
pressible between the piston propulsion unit and the de 
tent unit and thus the thrust applied by the piston unit is 
transmitted directly through the components of the tool 
string to the dogs of the detent unit. The pressure differ 
ential across the piston unit is further increased to increase 
the thrust to the value required for releasing the detent 
unit. The springs 957 and 966 of the detent unit are com 
pressed along with the movement of the trigger mechanism 
of the detent unit to its inoperative or released position to 
release its control rod which is suddenly shifted down 
wardly by its springs to align its upper mandrel recesses 
with the inner bosses of its dogs at which time the shoul 
der 1866 of the sliding sleeve valve assembly engaging the 
lower end cam surface 992 and 922a on the detent unit 
dogs cams the dogs inwardly releasing the detent unit for 
further downward movement. This release of the detent 
unit occurs when the downward thrust on the unit exceeds 
the value for which the detent unit is adjusted, which may, 
for example, be a value of about 500 pounds. 
Upon release of the detent unit by the inward camming 

of its dogs, the entire tool train. A resumes downward 
movement and when the bosses 405 and 406 on each of 
the down-shift keys are aligned with the recesses 1870 
and 1871, respectively, of the sleeve 1833, the springs 402 
biasing the keys outwardly expand the keys into the sleeve 
recesses effecting engagement of the down-shift shoulder 
1873 of the sleeve by the down-shift shoulders 410 on the 
keys. The downward movement of the tool train is now 
resisted by the sleeve 1833. When the sleeve snap ring 
1861 is cammed radially outwardly from its recess 1860 
farther into the mandrel recess 1862 and the resistance 
of the packing around the sleeve within the mandrels 
is exceeded, the sleeve moves downwardly to its lower 
end closed position, FIGURES 17-17B, at which its lower 
end surface 1867 approaches the shoulder 1866 in the 
lower mandrel. Before the sliding sleeve reaches its lower 
end position, its snap ring 1853 snaps inwardly into the 
locking recesses 1852 on the collet fingers 1851 at the 
upper end of the sliding sleeve to releasably lock the 
sliding sleeve at its lower position. 
The downward movement of the sleeve uncovers the 

recess 1857 of the upper mandrel above the upper end 
of the sleeve while simultaneously the downward move 
ment of the down-shift assembly with the sliding sleeve 
aligns the feeler 354 of the monitor unit 301 with the 
uncovered recess 1857 so that the outwardly biased feeler 
is pivoted laterally clockwise about its pivot pin 366 by 
the spring 375 moving the upper end section of the feeler 
into the recess 1857. The pin 372 of the feeler lifts the 
trigger 347 pivoting it counter-clockwise about its pivot 
pin 348 disengaging the trigger sear plate 363 from the 
slider sear plate 333 thereby releasing the slider 308 to 
be returned to its upper end position by the expansion 
of the compressed spring 43. The spring 431 expands 
moving the slider upwardly lifting the downshift key re 
tractors 414 retracting the keys 400 into their windows 
395 thereby disengaging them from the sliding sleeve 1833 
and locking them inwardly against their springs 402. The 
upward movement of the slider also pivots the trigger 
347 clockwise so that it engages the pin 372 of the feeler 
354 pivoting the feeler counter-clockwise back into its 
window 316 against the spring 375 to its fully retracted 
position completing the deactivation of the down-shift 
assembly and the downward movement of the sliding 
sleeve 1833. The slots 1834 of the sliding sleeve are at 
their lower closed position below the annular packing 
1847. After the downward shifting of the sliding sleeve 
and the deactivation of the down-shift assembly by dis 
engagement of its down-shift keys from the siding sleeve, 
the tool train is free to resume its downward travel and 
it accordingly continues downward until the dogs 728 
and 728a of the detent unit are aligned with and expand 
outwardly into the recess 1865 of the next sliding sleeve 
valve down the production tubing where the above de 
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scribed procedure of compressing the down-shift assembly 
to activate it, engaging the down-shift assembly with the 
sliding sleeve, moving of the sliding sleeve to its lower 
closed position, and the subsequent deactivation and dis 
engagement of the down-shift assembly is once again re 
peated. This sequence of operation of the detent unit and 
the down-shift assembly is carried out each time the tool 
train passes through an upwardly positioned sliding sleeve 
valve. 

If, during its downward travel, the tool train A moves 
into a sliding sleeve valve whose sleeve is already at its 
downward closed position the detent unit dogs expand 
into the recess 1857 at the upper end of the downwardly 
positioned sliding sleeve causing the tool train to be re 
strained against downward movement and effecting com 
pression and activation of the down-shift assembly. In 
accordance with the previous description of its operation, 
the detent unit releases after the down-shift assembly is 
activated and the tool train resumes downward movement 
until the down-shift keys of the down-shift assembly are 
aligned with and expand into the sleeve recesses 1870 
and 1871. Since the sleeve 1833 is already at its down 
ward position, the recess 1857 is uncovered and the sleeve 
cannot be moved farther downwardly. Thus, simultane 
ously with the expansion of the down-shift keys into their 
recesses of the sliding sleeve the feeler on the monitor 
unit expands into the recess 1857 to effect immediate re 
traction of the down-shift keys and deactivation of the 
down-shift assembly so that the tool train is immediately 
released to resume downward movement. Thus, the en 
countering of a previously down-shifted sliding sleeve by 
the tool train merely effects only a momentary interrup 
tion in the downward movement of the tool train while 
the down-shift assembly is activated and subsequently 
deactivated without disturbing the position of the closed 
sliding sleeve. 

After the tool train has sequentially passed through and 
closed each of the sliding sleeves in the production tubing 
it continues downward travel until the lower ends of the 
detent unit engages the pin 110a, FIGURE 1, of the 
bottom stop 10 limiting further downward movement 
of the entire tool train. The abrupt stoppage of downward 
travel of the tool train causes a pressure increase in the 
production tubing above the tool train transmitting a pres 
sure pulse to the surface thereby indicating arrival of the 
tool train at its lower end position at which time the 
fluid flow direction is reversed by manipulation of the 
necessary valves to convert the conduit 113 to an input 
conduit with fluid return coming from the flow conductor 
101 above the tool train and input fluid flowing down 
wardly in the annulus 105 and into the tubing 101 below 
the tool train through the ports 111. 
The tool train is pumped upwardly from the bottom 

stop until the external bosses on the locking dogs of the 
detent unit are aligned with and engage the internal an 
nular recess 1857 at the upper end of the downwardly 
positioned closed sliding sleeve in the lowermost of the 
sliding sleeve valves. The piston unit along with the down 
shift assembly which has its monitor feeler and down 
shift keys in retracted position pass without interference 
through the lowermost sliding sliding sleeve. With the 
locking dogs on the detent unit aligned with the recess 
1857 in the sleeve valve mandrel the dogs expand out 
wardly releasably engaging the detent unit with the sleeve 
valve and thus holding the tool train against further up 
ward movement. A pressure signal is transmitted to the 
surface through the fluid being pumped into the annular 
space for displacing the tool train upwardly thus indicat 
ing the pressure of the tool train at the sliding sleeve. 
The pressure of the fluid being pumped into the annular 
space is increased by the added resistance of the locking 
of the detent unit in the sliding sleeve. The increase in 
the fluid pressure being applied across the piston unit 
causes the unit to lift the tool train with sufficient force 
to release the detent unit locking dogs from the sleeve 
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valve recess 1857 allowing the tool train to resume up 
ward travel. The tool train moves upwardly in the flow 
conductor passing through and releasably locking in each 
of the sliding sleeve valves. The above described pro 
cedure of the temporary restraint of the tool train by the 
detent unit and its release is repeated at each sleeve valve 
until the train has passed through all of the valves. The 
train is pumped back into the lubricator portion 115a. 
Fluid flow is terminated, the valve 120 is closed, and the 
end cap 121 is removed. The tool train is withdrawn from 
the lubricator, all of the sleeve valves in the flow con 
ductor having been moved downwardly. 
The down-shift assembly is provided with means for 

releasing its shifting keys from the sleeve of a sliding 
sleeve valve in the event a malfunction of either the slid 
ing sleeve valve with which the assembly is engaged or if 
the operating mechanism of the assembly prevents the 
assembly from being disengaged from the sleeve by its 
monitor unit and subsequent expansion of its main slider 
spring. If the down-shift assembly fails to function nor 
mally to disengage from a sleeve of a sliding sleeve valve, 
a suitable fishing tool is inserted into the production tub 
ing such as on a wireline and connected with the upper 
end connector 205 of the uppermost piston unit on the 
lodged tool string. Pulling dogs on the fishing tool are re 
ceived in the socket recess 208 at the upper end of the 
top piston unit. An upward force is applied to the fishing 
tool pulling the downshift assembly top connector 303 
upwardly to shear the shear pin 393 in the down-shift 
unit 302 between its outer body mandrel or sleeve 392 
and its member 388. The release of the member 388 per 
mits an upward force applied through the monitor unit 
to lift the member 388 which lifts the key retractors caus 
ing the down-shift keys to be retracted inwardly thus re 
leasing the down-shift assembly from the sleeve of the 
sliding sleeve valve. The upward movement of the key re 
tractors moves the slider 308 upwardly engaging the trig 
ger arm 350 pivoting the trigger clockwise to retract the 
feeler 354 into its window 316. 
The tool train B, illustrated diagrammatically in FIG 

URE 2, is used for shifting all downwardly positioned 
sleeves of the sleeve valves 104 in a flow conductor back 
upwardly to their upper end positions. The tool train B 
is pumped through the flow conductor to its lower end 
and discharges its sleeve shifting function during its return 
trip to the surface end of the flow conductor. The tool 
train includes an upper piston propulsion unit 200, a de 
tent unit 700, a sliding sleeve up-shift assembly 1000, 
and a second or lower piston propulsion unit 200a. The 
several components of the tool train are interconnected 
by couplers 260. The piston propulsion units and the de 
tent unit are identical to the units described above in the 
tool train A. The lower piston unit 200a is adjusted by 
Selection of valve springs 215 which allows its valve to 
move to an open position at a pressure differential less 
than the pressure differential required to open the valve 
of the upper piston unit so that the upper piston unit 
may apply a greater thrust than the lower unit. The dif 
ference in thrust applied by the upper and lower piston 
units is necessitated by the fact that as the tool train B 
moves a sliding sleeve from its lower closed to its upper 
open position displacing fluid is admitted through the 
upper open sliding sleeve into the flow conductor be 
tween the piston units so that after the up-shift assembly 
moves a sliding sleeve upwardly and until the lower pis 
ton unit is above the sleeve ports the tool train is pumped 
upwardly by the fluid introduced through the sliding 
sleeve between the upper and lower piston units. There 
fore, it is preferred that the upper piston unit be capable 
of exerting a greater thrust than the lower piston unit to 
insure that the tool train is lifted upwardly from the open 
sliding sleeve valve. 
The up-shift assembly 1000 includes a sleeve shifting 

unit 1040 which when activated is engageable with a slid 
ing sleeve for moving the sleeve longitudinally upwardly 
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spherical recess 1091 adapted to conform to the contour 
of the ball 1086 so that the internal surface of the socket 
cap fits in sliding relationship around the ball to hold 
the ball within the socket 1085. 
The ball 1086 has a lower threaded stem 1092 which 

extends through the bore 1093 of the socket cap for con 
nection with the monitor unit 1041. The bore 1093 is 
defined by a downwardly facing divergent annular shoul 
der surface 1094 so that the bore 1093 is somewhat larg 
er than the stem 1092 to permit the pin and ball limited 
rotation around the axis of revolution of the ball within 
its socket thus providing a universal joint between the 
monitor and sleeve shifting units. The ball 1086 and its 
stem have a longitudinal bore 1095 to receive an upper 
push rod 1096 on a slider 1097 of the monitor unit so 
that the upper end of the slider push rod is engageable 
with the lower end of the key retractor push rod 1083. 
The monitor unit 1041, FIGURE 12, has an upper 

body mandrel or trigger housing section 1098 having an 
upper internal threaded bore 1099 into which the stem 
1092 of the ball 1086 is engaged for connecting the moni 
tor and sleeve shifting units. The socket cap 1087 has a 
lateral hole 1087a alignable with a corresponding blind 
hole 1086a in the ball 1086 for the insertion of a suitable 
tool, such as a screw driver, to hold the ball against rota 
tion while connecting the stem section of the ball into the 
threaded bore 1099 of the mandrel 1098. The external 
surface of the upper end section of the mandrel includes 
upwardly and inwardly convergent surfaces 1100 and 
1101 which function to facilitate the movement of the 
monitor unit through a flow conduit by minimizing the 
probability of its upper end section becoming lodged 
against an obstruction within a conduit. 
The mandrel 1098 has a longitudinally extending rec 

tangular parallelepiped shaped slot 1102 which extends 
laterally entirely through the housing opening through its 
outer wall on opposite sides thereof. A short longitudinal 
recess 1103 extends from the upper end of the mandrel 
parallel to and spaced laterally from the bore 1099 open 
ing into the slot 1102. The mandrel has an internally 
threaded bore 1104 along a lower end section opening 
into the lower end of the slot 1102. A laterally extending 
pin 1195 is positioned through the mandrel and the stem 
1092 of the ball 1086 for holding the stem against rota 
tion relative to the mandrel so that the monitor unit 
will not become accidentally unscrewed from the sleeve 
shifting unit. 
The slider 1097, FIGURES 12B and 12C, includes the 

upper push rod section 1096, a central body section 1106, 
and a lower push rod section 1107. The back surface of 
the slider body has formed therein a shallow recess 1108 
to receive the spring anchor 1109 which is secured there 
to by a socket head screw 1110 threaded into a lateral 
bore 1111 in the slider body. The front of the slider body 
has a longitudinally extending recess 1112 having curved 
end sections 1112a and 1112b. The recess 1112 is provided 
in the slide to receive a trigger 1113, the details and the 
function of which are discussed hereinafter. The curved 
upper end section 1112a of the recess joins a vertical Sur 
face 1113 which connects with an upwardly and outwardly 
sloping surface 1114 joining a vertical surface 1115 on an 
insert lock member 1116 secured within a recess 1117 
of the slider body. The surface 1115 of the insert is lat 
erally spaced from an upper end vertical surface 1118 on 
the slider body providing a horizontal locking shoulder 
1119 on the upper end of the insert. The slider body has 
a lower end external annular flange 1120 which forms a 
downwardly facing external annular spring retainer shoul 
der 1121 engaged by the upper end of a main reset spring 
1122 held at its lower end by an internal annular flange 
1123 provided within a lower connector socket and spring 
retainer 1124 threaded along its upper reduced end sec 
tion 1125 into the lower end section 1104 of the man 
drel 1098. The connector 1124 is held against rotation rel 
ative to the mandrel by an annular lock wire 1126 dis 
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posed in the connector annular recess 1127. A bent end 
section 1128 of the lock wire extends through a short 
longitudinal recess 1129 opening through the end of the 
connector into an aligned recess 130 in the mandrel to 
hold the connector against rotation relative to the man 
drel. 
The trigger 1113 is pivotally secured at its lower end 

within the slot 1102 on a pin 1131 extending through the 
trigger into aligned holes 1132 in opposite side sections 
of the mandrel 1098 extending along and defining the 
slot 1102. The upper free end of the trigger has a reduced 
end section 1133 providing a vertical surface thereon 
1134. Spaced downwardly from the free end of the trig 
ger is a laterally extending rectangular slot 1135 which re 
ceives a lateral pin 136 secured in a feeler member 1137, 
further details and the function of which are discussed 
below. The back vertical face of the trigger has secured 
therein an insert lock member 1138 of a hardened sub 
stance such as tool steel secured in a vertical recess 1139 
of the trigger. The back vertical face 1140 of the insert 
is laterally spaced inwardly from a vertical surface 1141 
on the trigger providing a downwardly facing lock shoul 
der 1142 on the lower end of the insert adapted to inter 
lock with the lock shoulder 19 on the insert 16 of 
the slider for releasably locking the slider at a lower end 
position as discussed below. The trigger insert has a ver 
tical upper end back face 1143 which slopes upwardly 
and outwardly at Substantially the same angle as the back 
face 1114 on the slider body and joins an upwardly and 
outwardly sloping back face 1144 on the trigger so that 
downward movement of the slider relative to the trigger 
effects relative sliding motion between faces A113 and 
1114 of the slider body along the insert and upper end 
back faces of the trigger so that the free end of the trig 
ger is Smoothly cammed laterally outwardly to allow the 
slider insert to pass below the trigger insert. 
The feeler 1137 functions to detect certain recesses 

in the production tubing and responds to its movement 
into Such recesses by releasing the trigger assembly of the 
monitor unit for disengagement of the sleeve shifting 
keys. The feeler is pivotally supported within the slot 
1102 of the mandrel i898 on a lateral pin 1145 secured 
through lateral aligned holes 146 in the feeler into cor 
responding lateral holes 1147 in the vertical sides of the 
mandrel on opposite sides of the slot. The feeler 1137 has 
a generally longitudinally extending main body section 
1147 and laterally extending parallel spaced arms 1148. 
The front free end surface 149 of the body section of 
the feeler has a family of adjoining generally downwardly 
and inwardly sloping faces 1149a, 1149b, and 1149c. 
providing a contour to the feeler which permits it to 
smoothly slide into and out of the various recesses along 
the inside surface of the production tubing as the monitor 
unit traverses the tubing. The particular shape of the 
recesses engaging free end portion of the feeler is not 
provided to particularly conform to the configuration of 
any special recess but rather so the feeler will move 
Smoothly into and out of recesses during longitudinal 
motion of the monitor unit. The body portion of the 
feeler has interconnecting longitudinal extending lower 
and upper recesses 1150 and 1151 for receiving, respec 
tively, the upper free end section of the trigger and the 
trigger biasing Spring 1152 which encircles the pivot pin 
1145 pivotally supporting the feeler within the slot of the 
mandrel. One free end 1152a of the spring 1152 engages 
an inside Surface of the feeler body defining an upper end 
Section of the recess 150 while the other free end section 
1152b of the spring engages the surface 1134 on the re 
duced end Section 1133 of the trigger biasing the trigger 
in a counterclockwise direction about its pivot pin 1131. 
as viewed in FIGURE 12. The upper end section 1153 of 
the feeler body has an internal vertical foot section 
1153a which is engageable with a vertical surface 1154 
defining the back vertical face of the slot 1103 for limit 
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ing the counterclockwise rotation of the feeler about its 
pivot pin 1145. 
A pair of longitudinally extending feeler biasing springs 

1153 are supported at their upper ends on a pin 1154 ex 
tending through aligned holes 115 in the parallel arms 
1148 of the feeler. The lower ends of the feeler springs 
are received in longitudinal upwardly opening slots 1155 
in the spring anchor i109 on a lateral pin 1156 secured 
between upwardly extending end sections 157 defining 
the upwardly opening slots of the anchor. The feeler arms 
1148 straddle the push rod 1996 of the slider 1697 and 
are engageable along their downwardly facing edge Sur 
faces 1158 with upwardly facing shoulder surfaces 1097a 
on the upper end of the body portion of the slider. The 
springs 1153 bias the feeler counterclockwise about its 
pivot pins 1145 thereby biasing the lower sleeve-engaging 
end section 147 of the feeler laterally outwardly. The 
upper end surfaces 1097a of the slider body engage the 
downwardly facing arm surfaces 1158 on the feeler hold 
ing it against counterclockwise rotation at its retracted 
position when the slider is positioned as shown in FIG 
URE 11. 
The bottom connector 1124 of the monitor unit has 

an internal annular flange 1159 providing an upwardly 
facing downwardly and inwardly convergent annular 
shoulder surface 160 defining the lower end of a locking 
recess 1161 extending upwardly to the flange 1123 to 
receive the upper end locking flanges of another con 
nector 260 by which the lower piston propulsion unit 
200a is connected with the up-shift assembly. 
The up-shift assembly functions only during upward 

travel of the tool train or travel of the train back toward 
the surface or lubricator end of the flow conductor to 
shift the sliding sleeve valves 194 from their lower end 
to their upper end positions in a manner which is generally 
similar to the operation of the down-shift assembly. In 
its normal or deactivated condition at which the up-shift 
assembly travels through the flow conductor the up-shift 
keys 400a and the feeler 1137 are held at their inward 
retracted positions by the slider 1097 which is resiliently 
biased at an upper end position, FIGURES 11 and 12, 
by the spring 1122. The upper end surfaces 1097 on the 
body of the slider engage the downwardly facing surfaces 
1158 on the feeler arms 1148 locking the feeler against 
counterclockwise rotation about its pivot pin 1148 with 
its recess engaging lower end section 1147 being held 
retracted within the recess 102 of the mandrel (93. 
The spring section 1152b bearing on the surface 134 
of the trigger biases the trigger counterclockwise with 
its sear plate surface 1140 engaging the Surface 1113 
of the slider body. The upper end of the push rod 0.96 
on the slider engages the lower end of the push rod 
1083. The upper face of the head 1084 on the push rod 
1083 engages the lower ends of the key retractors 1869 
and 1069a holding the retractors at their upper end 
positions as illustrated in FIGURE 11 at which the in 
ward locking surfaces 1075 and 1078 within each of 
the retractors engage the locking surfaces 413a and 412a, 
respectively, on the operator lugs of the keys 400a thereby 
holding the keys at their retracted positions within their 
respective windows 1067. The flange 1066 on the split 
sleeve 1064 is within the recesses 107 of the key re 
tractors while the flange 1056 on the shear pin sleeve 
1046 is engaged with the upper end faces of the key 
retractors. The spring 1079 bearing downwardly on the 
upper ends of the split sleeve is compressed. The upper 
connector 1042 along with its related components, in 
cluding the shear pin sleeve 1046, is at its upper end 
position with the flange 1056 on the sleeve in the internal 
annular recess 1057 of the retainer cap 058. 
When the top socket connector 1042 of the up-shift 

assembly is held against upward movement, Such as by 
the releasable engagement of the detent unit 700 within 
one of the sliding sleeve valves in the flow conductor, 
and an upward force is applied to the up-shift asseinbly 
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by imposing a fluid pressure differential across the lower 
piston unit, relative motion is effected between the top 
socket connector and the remaining elements of the 
sleeve shifting unit to activate the up-shift assembly. The 
ball connected between the sleeve shifting unit 1040 and 
the monitor unit 1041 while permitting pivotal movement 
between the lower end of the sleeve shifting unit and 
the upper end of the monitor unit does not provide slack 
between the units. Therefore, the upward force of the 
piston applied through the connector 26) to the lower 
end of the monitor unit telescopes the sleeve shifting unit 
mandrel 1059 upwardly over its shear pin sleeve 1046 
until the annular shoulder 1042a on the top connector 
engages the upwardly facing annular shoulder 1858a on 
the retainer 1058. The lower end flange 1056 on the sleeve 
1946 engages the top ends of the key retractors 059 and 
1069a forcing the key retractors downwardly relative to 
the keys 400a which are each held against downward 
movement by the engagement of its lower end with the 
lower end surface 1067a of its respective window 1067. 
The key retractors are moved downwardly relative to the 
keys until the outer key locking surfaces 1073 and 1076 
are aligned with the locking surfaces 413a and 412a, 
respectively, of the keys. The springs 402 bias the keys 
apart toward their outward expanded positions until the 
outer faces of the keys engage the inside surface of the 
flow conductor through which the assembly is moving. 
This is an intermediate position between the fully re 
tracted and fully expanded positions of the keys so that 
when the keys are aligned with the appropriate recess 
of a sleeve valve to be shifted they move farther outwardly 
to their expanded engaged position for shifting the valve 
sleeve. Thus, the keys are resiliently held by their springs 
402 against the inside surface of the conductor. 
The relative downward movement of the key retractors 

which releases the keys as described above also effects 
downward movement of the push rod 1083 due to the 
engagement of the lower ends of the key retractors with 
the top surface of the head 1084 of the push rod. The 
push rod 1083 forces the slider 1097 downwardly com 
pressing the spring 1122 between the shoulder 1121 on 
the push rod and the internal annular flange 123 within 
the bottom connector 124. The downward movement 
of the slider 1097 performs a dual function of releasing 
the feeler 1137 and biasing its lower end section resiliently 
outwardly while locking the slider at a lower end position 
with the trigger 1113. The downward movement of the 
slider relative to the feeler and trigger moves the upper 
end slider surfaces 1097a downwardly relative to the 
surfaces 1158 on the feeler arms while the springs 1153 
connected between the free ends of the arms 148 and 
the slider resiliently biases the arms downwardly so that 
the feeler is resiliently biased counterclockwise relative 
on its pivot pin 1145. The lower free end section 1147 
of the feeler moves outwardly until it engages the inside 
surface of the production tubing. The resilient biasing 
of the feeler counterclockwise by the springs 153 with 
the slider at its downward position permits some pivotal 
movement of the feeler so that surface irregularities 
encountered by the feeler within the flow conductor may 
rotate the feeler slightly about its pivot pin causing the 
arm surfaces 1158 of the feeler to be lifted away from 
the shoulder surfaces 1097a of the slider against the force 
of the springs 1153. As the feeler 1147 moves from its 
innermost retracted position to contact with the inside 
wall of the flow conductor, the pin 1136 is then in a free 
position within the trigger recess 1135 and both feeler 
and trigger are free relatively for limited clockwise and 
counterclockwise movement. As the slider progresses 
downwards relatively, its sloping surfaces 1113, 1114, and 
1115 progressively move underneath the surfaces 144, 
140 of the trigger which is biased towards them by the 

action of the spring 1152. Before the completion of the 
relative downward movement of the slider 097, the upper 
face 119 of its sear plate 1116, passes the lower face 
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1142 of the trigger sear plate 1138. The trigger is then 
swung anti-clockwise by its spring 1152 until the sear 
face 1140 touches the face 1118 of the slider while the 
inner surface 1135a of the rectangular slot 1135 of the 
trigger approaches move closely to the pin 1136 of the 
feeler 1137 but does not make contact so long as the 
feeler head 1149b continues to ride on the internal wall 
of the pipe. As the tool train is driven upwardly, the 
resistance of the detent unit 700 is overcome and the 
force which moved the slider 1097 downwards relative 
to the monitor 1041 ceases. The spring 1122 then urges 
the slider upwardly relatively but movement is stopped 
and held by contact between the faces 1119 and 1142 of 
the Sears 1116 and 1138 of the slider 1097 and the 
trigger 1113 respectively. 
When the various components of the monitor unit are 

positioned as described above, the slider is locked at its 
lower end position, the feeler is biased outwardly with 
the biasing force being supplied by the springs 1153, and 
the surfaces 1097 of the slider are spaced below the 
surfaces 1158 of the feeler arms so that when the feeler 
section 1147 is aligned with the desired recess within the 
sliding sleeve the feeler may move farther outwardly. 
Also, at this intermediate position of the feeler its rela 
tionship with the trigger is such that the pin 1136 is 
sufficiently close to engagement with the trigger within 
its recess 1135 that farther outward movement of the 
feeler into the desired recess will move the trigger suffi 
ciently clockwise to disengage it from the slider. Thus, 
when the up-shift assembly is activated its sleeve shifting 
keys are released and biased outwardly such that when 
they arrive at the desired recess they may move to ex 
panded positions, the slider is locked at its lower end 
position with the spring 122 compressed, and the feeler 
is biased outwardly to a position at which it engages 
the inner wall of the flow conductor and may move 
farther outwardly at a desired recess for deactivating the 
up-shift assembly to release it from the sleeve. 

After activation, the up-shift assembly travels in the 
flow conductor until its sleeve shifting keys reach recesses 
1876 and 1877 of the sleeve 1833, shaped and sized to 
receive their outer surfaces, so that their shoulders 40 
may engage a shoulder 1879, provided in a sleeve valve 
to shift its sleeve upwardly. Upon reaching the recesses 
adapted to receive the keys, the springs 402 of the keys 
force them laterally outwardly into the recesses so that 
further upward movement of the assembly effects upward 
shifting of the sleeve valve. As explained hereinafter in 
further detail, the sliding sleeve units are so designed 
that when the sleeve has been properly shifted the feeler 
of the monitor unit is aligned with a recess adapted to 
receive its free end section 1147 for releasing the up-shift 
assembly. 
When the feeler of the monitor unit is aligned with the 

desired recess in the sliding sleeve valve, the recess 1865 
at the lower end of the sleeve 1833, its recess engaging 
lower end portion 1147 is expanded into the recess by 
the spring 1153 which effect counter-clockwise rotation 
of the feeler about its pivot pin 1145. As the feeler 
revolves counter-clockwise its pin 1136 engaging the 
trigger recess surface 1135a pivots the trigger clockwise 
about its pin 1131 causing the trigger sear plate 1138 to 
be moved outwardly relative to the slider Sear plate 1116 
until the trigger sear plate locking surface 1142 is dis 
engaged from the slider sear plate locking surface 1119 
at which time the compressed spring 1122 expands forc 
ing the slider abruptly upwardly relative to the mandrels 
of the monitor and sleeve shifting units. The upper end 
of the slider push rod 1096 engaging the lower end of 
the push rod 1083 forces its head against the lower ends 
of the key retractors moving the key retractors upwardly 
relative to the keys. The cam surfaces 1074 and 1077 
of the key retractors engage the lower cam surfaces 
413b and 412b, respectively, of the key operator lugs 
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forcing the keys laterally inwardly retracting each of 
them against the force of its springs 402 into its window 
1067 and thus disengaging the keys from the shifted 
valve sleeve. Simultaneously with the retraction of the 
keys and responsive to the upward movement of the 
slider, the upwardly moving surfaces 1097 on the slider 
at the base of its stem (996 engage the feeler arm surfaces 
1158 pivoting the feeler clockwise about its pivot pin 
1145 retracting its recess engaging lower end section 
1147 laterally inwardly into the mandrel slot 102. The 
force of the spring 422 holds the slider at its upper end 
position until the previously discussed sequences are re 
peated to reactivate the up-shift assembly. 

If the up-shift assembly becomes jammed in a sliding 
sleeve valve unit such that its spring 1122 is not effective 
for releasing or deactivating the assembly, the assembly 
may be released by application of an upward force on 
its top connector 042 of sufficient magnitude to sever 
the shear pin 1047. It will be obvious that upward force 
on the top connector below that sufficient to sever the 
shear pin will not release the up-shift assembly. The 
connector along with its shear pin sleeve iO46 and its 
stem 045 down through and including the lower end 
flange or head section 1055 may be moved upwardly 
relative to the split sleeve 1054, which, in the absence of 
an upward force on the slider from its main spring 122, 
normally remains at a downward position with the key 
retractors when the keys are expanded outwardly into 
locked position in a sliding sleeve. The connector thus is 
movable upwardly until the fange 1956 engages the 
shoulder 1857 within the retainer cap (258. With the top 
connector and the shear pin sleeve so telescoped up 
wardly on the split sleeve the flange 1856 on the shear 
pin sleeve is spaced apart above the upper end flanges on 
the slip retractors so that the spring 979 maintains the 
split sleeve at its downward position thus preventing ac 
cidental upward shifting of the key retractors and the 
split sleeve. The slip retractors may be lifted from above 
only by the split sleeve which can be raised from above 
only by the flange 055 which cannot be lifted sufficient 
ly to engage the split sleeve until the shear pin 1047 is 
severed. When the shear pin 1947 is severed the top 
connector with its stem including its lower end flange 
1055 is lifted relative to the shear pin sleeve so that the 
flange 055 engages the internal upper annular flange 
1065 of the split sleeve. The split sleeve is lifted pulling 
the slip retractors upwardly causing the slips or the keys 
to be retracted inwardly as previously described. The top 
connector is lifted until the upper end flanges of the key 
retractors are returned upwardly to the relationship 
shown in FIGURE 11 so that the keys are fully dis 
engaged and retracted inwardly. Of course, the top con 
nector with its stem is telescoped upwardly from the 
shear pin sleeve with the flange 055 being engaged with 
the flange 1065 of the split sleeve and the spring 1079 in 
an expanded condition. 
The upward movement of the lower ends of the key 

retractors responsive to the lifting force on the top con 
nector which served the shear pin generally permits the 
spring 22 to expand returning the slider to its upper end 
position and effecting retraction of the feeler. If, how 
ever, the mechanism is so jammed that the spring 22 
cannot return the slider upwardly, the up-shift assembly 
is still readily withdrawn from the flow conductor since 
the feeler is cammed inwardly to pass any obstruction 
encountered by its lower end section as the up-shift as 
sembly is returned to the surface through the production 
tubing. The clockwise camming of the feeler is effected 
by any surfaces encountered as the upshift assembly 
travels causing the feeler to be forced inwardly against 
the biasing effect of the springs 53 so long as the slider 
is at its lower end position. The feeler is resiliently mov 
able against the force of the springs 1153 between its 
maximum expanded position and its retracted position 
within its slot E (2 since the shoulders (97a on the feeler 
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are sufficiently spaced below the feeler arm surfaces 158 
to allow maximum pivotal movement of the feeler. 
The tool train B is assembled and prepared for insertion 

into the lubricator conduit portion 15a in the same man 
ner as the tool train A. When placed in the lubricator the 
up-shift assembly in the train is in its deactivated condi 
tion with its sleeve shifting keys locked inwardly. The 
tool train B shifts sliding sleeve valves from a lower 
position upwardly to an upper position. It shall be as 
sumed that the sleeve valves in the well installation are 
closed at their lower end positions and open at their upper 
end positions. It will therefore be clear that the tool 
train cannot be displaced and then recovered beyond a 
previously opened sliding sleeve valve because once the 
tool train has passed beyond such a valve the displacing 
fluid flow pattern is so altered that the too train is not 
displaceable back to the surface. An open sliding sleeve 
valve above a tool train short circuits both directions of 
displacing fluid flow between the annulus and the bore 
of the flow conductor so the fluid is not pumpable into 
the conductor below the tool train. It is therefore as 
sumed that the tool train B is used in those instances 
where all of the sliding sleeves in a flow conductor have 
previously been moved downwardly to their lower closed 
positions. 
The tool train is displaced from the lubricator through 

the conduit 15 and downwardly in the flow conductor 
101. When the tool train reaches the uppermost sliding 
sleeve valve 104 in the flow conductor the lower piston 
unit 200a along with the deactivated up-shift assembly 
pass downwardly through the sliding sleeve valve until 
the detent unit is so aligned with the sliding sleeve valve 
that the bosses on the dogs of the detent unit are received 
within the internal annular recess i857 within the body 
1820 of the sliding sleeve valve above the upper end of 
the downwardly positioned sleeve 1833. The up-shift unit 
freely moves downwardly through the sliding sleeve until 
the detent unit releasably engages the sliding sleeve since 
the up-shift assembly is in its deactivated condition. The 
external bosses 996 and 990a of the detent unit dogs 728 
and 728a pass all of the recesses within the sliding sleeve 
valves and the flow conductor other than those recesses 
at opposite ends of the sliding sleeve of the sliding sleeve 
valve. The detent unit dogs are biased outwardly to slide 
along the inner surface of the flow conductor being held 
against maximum outward expansion by such surface and 
when aligned with the recess 1857 they spring into the 
recess to hold the tool train against further downward 
movement in the flow conductor. The bottom can Sur 
faces 992a on the lower ends of the dogs engage the lower 
shoulder 1858 at the lower end of the recess 1857 and 
the detent unit mandrel is shifted until the inner dog 
bosses 770 and 770a are aligned with the mandrel bosses 
796 and 7.96a at the upper ends of the dogs and the 
lower end inner dog bosses 771 and 77a are aligned with 
the mandrel bosses 797 and 797 a thereby holding the 
locking dogs at their outward locked position so that the 
entire tool train is releasably held against further down 
ward movement. The holding of the tool train by the de 
tent unit is detectable at the surface by a pressure in 
crease in the fluid being pumped into the flow conductor 
to displace the tool train downwardly. The pressure of 
the displacing fluid is increased to increase the pressure 
differential across the upper piston unit 200 causing the 
piston unit to apply more downward force on the tool 
train. The increased downward force compresses the 
detent unit springs 957 and 966 to release its control rod 
which is suddenly shifted downwardly by the springs to 
align its upper mandrel recesses with the inner bosses 
of the detent unit dogs at which time the shoulder 1858 
of the sliding sleeve valve body engaging the lower end 
cam surfaces 992 and 992a on the detent unit dogs cams 
the dogs inwardly releasing the detent unit from its 
locking engagement with the sliding sleeve valve where 
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movement in the flow conductor. The tool train moves 
downwardly unit it passes into the next sliding sleeve 
valve where the above described procedure of the lock 
ing and release of the tool train is repeated. Thus, the 
tool train moves through and releasably engages each of 
the sliding sleeve valves. The up-shift assembly is not 
activated as it requires compressive forces on its ends 
which are not developed during the downward move 
ment of the train. The up-shift unit is compressed only 
when the detent unit is at one of its ends and the piston 
applying thrust to the tool train is at the other end of 
the up-shift assembly applying force toward the detent 
unit. After release from the lowermost of the sliding 
sleeves, the tool train may be pumped downwardly until 
its downward travel is limited by engagement of the 
lower end of the lower piston unit with tthe bottom stop 
110 at which time a pressure signal is generated and 
transmitted through the displacing fluid to the surface. 

Responsive to a pressure signal indicating the position 
of the tool train the direction of displacing fluid flow 
in the well installation is reversed to pump the tool train 
upwardly toward the surface end of the flow conductor. 
The tool train moves upwardly through the flow conduc 
tor into the lowermost of the sliding sleeve valves until 
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are external bosses on the locking dogs of the detent unit 
are received within the internal annular recess 1857 at 
the upper end of its downwardly positioned closed slid 
ing sleeve. The tool train is releasably held against fur 
ther upward movement. A pressure signal is transmitted to 
the surface through the displacing fluid being pumped 
into the annular space indicating the locking of the tool 
train in the sliding sleeve. Responsive to the pressure 
signal the fluid pressure in the annular space is increased 
so that the lower piston unit 200a applied an upward 
thrust to and compresses the tool train components be 
tween it and the detent unit until all slack is absorbed 
between Such components. As soon as this slack is re 
moved further thrust by the lower piston unit compresses 
the up-shift assembly 1000. If the train had been pumped 
down against the bottom stop, the up-shift unit may al 
ready be activated. If the train was reversed before 
reaching bottom, this upward thrust of the lower piston 
llnit 26ta now activates it by telescoping its shifting unit 
mandrel 1059 upwardly over the neck portion 1646 of its 
top connector effecting relative downward movement of 
its slider to release the up-shift keys 400a and the monitor 
feeler 1137 which is biased outwardly by its spring into 
contact with the inside wall of the flow conductor. The 
slider is forced downwardly against the spring 122 until 
the slider and trigger sear plates are interlocked to re 
leasably hold the slider at its lower position thus fully 
activating the up-shift assembly. Further fluid pressure in 
crease against the lower piston unit lifts the tool train 
with Sufficient force to release the detent unit locking 
dogs from the sleeve valve recess 1857 allowing the tool 
train to resume upward travel. The tool train moves up 
Wardly until the up-shift keys 400a are aligned with and 
eXpand outwardly into the recesses 1876 and 1877 of 
the sliding sleeve of the sleeve valve assembly. With the 
engagement of the up-shift keys with the sleeve it is lifted 
by the up-shift assembly as the tool train moves up 
Wardly. The split ring 1853 around the upper end por 
tion of the sliding sleeve is cammed radially outwardly 
into its recess 1854 from the lock ring recesses 1852 at 
the upper end of the sleeve to release the sleeve for up 
ward movement. The sleeve is lifted by the shifting keys 
of the up-shift assembly until the external annular recess 
1860 around the lower end of the sleeve is aligned with 
the lower mandrel recess 1862. The split lock ring 186 
Snaps radially inwardly into the recess 1860 releasably 
locking the sliding sleeve at its upper open position. 
The upward movement of the sliding sleeve uncovers 

the lower internal annuar mandrel recess 1865 which 
receives the outwardly biased monitor feeler 1137 there 

upon the tool train is released to continue downward 75 by disengaging the trigger sear plate from the slider sear 
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plate releasing the slider of the up-shift assembly from its 
lower end locked position to permit the compressed spring 
1132 to expand returning the slider upwardly. The up 
ward movement of the slider retracts the up-shift keys 400 
inwardly into their windows 1067 while also withdraw 
ing the monitor feeler 1137 into its window to fully 
release the up-shift assembly from the sliding sleeve leav 
ing the sliding sleeve at its upper end open position. The 
release of the up-shift assembly from the sliding sleeve 
frees the tool train to resume upward movement. 
The movement of the sliding sleeve to the upper open 

position aligns its ports 1134 with the sliding sleeve valve 
mandrel ports 1135 thereby permitting fluid communica 
tion through the sliding sleeve valve from the annulus 
105 into the central flow passage through the flow con 
ductor so that the displacing fluid being pumped down 
wardly in the annulus now has access to the flow conduc 
tor between the upper and lower piston units of the 
tool train B. As previously stated, the thrust now de 
veloped under the upper piston unit lifts the tool train 
until the lower piston units is above the sleeve valve 
ports. As soon as the lower piston unit is raised past the 
sliding sleeve ports the displacing fluid pressure is, of 
course, again applied to the lower piston unit to displace 
the tool train upwardly in the flow conductor until the 
tool train passes into the next sliding sleeve valve which 
is shifted from its lower to its upper position by the tool 
train in accordance with the procedure just described. 
Each of the sliding sleeve valves in the flow conductor 
is sequentially engaged and shifted to its upper end posi 
tion by the tool train B. When the tool train is released 
by its detent unit from the uppermost of the sliding sleeve 
valves it is pumped back into the lubricator portion 115a 
from which it is removed as previously described. Thus, 
the tool train B is pumped through the flow conductor 
downwardly through all of the sliding sleeve valves and 
then returned to the surface sequentially moving each 
of the sliding sleeve valves to its upper open position 
during its return trip to the surface end of the flow 
conductor. 
The tool train C illustrated in FIGURE 3 is basically 

a combination of the tool trains A and B using a single 
detent unit. The tool train C from the upper piston 200 
through the detent unit 700 is identical to the tool train 
A while the remaining portion of the tool train C con 
prises the up-shift assembly 1000 and a lower piston unit 
200a as included in the tool train B. The components of 
the tool train C are interconnected by couplers 260 as 
previously discussed. The lower piston unit 200a is ad 
justed by proper selection of its Springs 215 to provide a 
maximum thrust which is less than the maximum thrust 
applicable to the tool train by the upper piston 200 so 
that the upper piston will lift the tool train in the flow 
conductor when displacing fluid pressure is applied with 
in the conductor between the upper and lower piston 
units as previously discussed. 
The tool train C is assembled and introduced into the 

lubricator conduit portion 115a in exactly the same man 
ner as discussed above in connection with the tool trains 
A and B. The first unit of the tool train introduced into the 
lubricator is the lower piston unit 200a while the last is the 
upper piston 200. The tool train is pumped into and down 
wardly through the flow conductor 101 to the uppermost 
sliding sleeve valve. The shifting keys and the monitor 
feelers of the up-shift and down-shift assemblies are at 
their deactivated or retracted positions and thus the tool 
train moves through the sliding sleeve valve until the de 
tent unit dogs are received in the recess 1865 at the lower 
end of the sliding sleeve, the up-shift assembly having 
passed freely through the sliding sleeve in view of the re 
tracted position of its keys and monitor feeler. The down 
shift assembly 300 is activated by the thrust of the upper 
piston 200, the sleeve is shifted downwardly and the tool 
train released from the sliding sleeve in the manner de 
scribed above for the tool train A. The tool train se 
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quentially moves through each of the sliding sleeves in the 
flow conductor shifting each sleeve from its upper to its 
lower end position. The tool train is pumped down to the 
bottom stop at which time the displacing fluid flow pat 
tern is reversed in the well installation to pump the tool 
train back to the surface. During the return trip the down 
shift assembly remains deactivated as explained in con 
nection with the tool string A while the up-shift assembly 
1000 engages and shifts each of the sliding sleeves from 
its lower to its upper end positions in exactly the same 
manner as described in connection with the tool train B. 
Thus, during its downward trip in the flow conductor the 
tool train C moves each of the sliding sleeve valves down 
Wardly to its closed position and subsequently during the 
return trip of the tool train to the surface the up-shift 
assembly portion of the train returns each of the sleeve 
Valves upwardly to its open position. 

In the tool train D, illustrated diagrammatically in FIG 
URE 4, the upper piston unit 200b is identical to the 
previously described piston 200 modified only by the se 
lection of valve springs 215 to adapt the unit to apply a 
maximum upward thrust and a minimum downward 
thrust, such, for example, as about 877 pounds in the up 
Ward direction and 75 pounds in the downward direction. 
The detent unit 700 is identical to the previously described 
detent units used in the tool trains A-C. The up-shift as 
Sembly 1000A is a modified form of the up-shift assembly 
1900 adapted to be activated by application of tension 
forces to its opposite ends as described herein below and 
illustrated in FIGURE 14. The lower piston unit 200a is 
identical to the previously described piston units 209a and 
thus differs from the upper piston unit only in the selection 
of valve springs 215 to provide the lower piston unit with 
a maximum thrust capability sufficiently lower than that 
of the upper piston unit to permit the upper piston unit 
to lift the tool train from an open sliding sleeve with dis 
placing fluid being introduced between the upper and 
lower piston units, as previously discussed. The tool train 
D functions to move only selected sliding sleeve valves 
upwardly to open positions leaving the other or remaining 
sliding sleeve valves in a flow conductor at their lower 
closed positions. Initially, the tool train is pumped down 
through the flow conductor closing each open sleeve valve 
en route to a point below the lowest sliding sleeve valve 
to be opened and is then returned through the flow con 
ductor to the surface opening any selected sliding sleeve 
valve, as desired, during the return trip. 

Referring to FIGURE 14 the up-shift assembly 1000A 
comprises a modification of the up-shift assembly 1000 
shown in FIGURES 11 and 12 to adapt it to activation 
by application of tension forces to its opposite ends. Only 
the opposite end sections of the up-shift assembly 1000 
are modified as illustrated in FIGURE 14 to provide the 
up-shift assembly 1000A. A major lower portion of the 
sleeve shifting unit and a major upper portion of the moni 
tor unit of the assembly 1000A are identical to the assem 
bly 1000 and thus these portions of the assembly 1000A 
are represented only diagrammatically in FIGURE 14, 
the details of such portions having been already described 
and illustrated in FIGURES 11 and 12. Referring par 
ticularly to FIGURE 14, a top connector socket 2000 hav 
ing a reduced neck portion 2001 is secured through an an 
nular retainer 2002 having a reduced portion 2003 
threaded into an upper end portion of the tubular mandrel 
1059. The connector socket is secured with the retainer 
by a shear pin 2004 extending laterally through the re 
tainer cap and neck portion of the connector socket. The 
connector socket has an upwardly opening locking recess 
2005 having an internal annular locking flange 2006 for 
receiving the lower end locking flanges of a coupler 260 
to permit an articulated connection of the up-shift assem 
bly with the detent unit. A pointed cap screw 2007 is 
threaded through a central longitudinal bore 2008 in the 
connector socket to engage the shear pin for holding the 
pin in position. The retainer 2002 is held against rotation 
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relative to the mandrel 1059 by an annular lock wire 2009 
positioned within an external annular recess 2010 in the 
retainer. The lock wire has a bent end portion 2011 
oriented perpendicular to the annular or body portion 
of the wire and extending through a longitudinal recess 
2912 in the retainer into a short blind recess 2013 in the 
mandrel 059. The retainer wire end portion prevents ac 
cidental unscrewing of the retainer from the mandrel. 
The neck portion 2001 of the connector socket has 

a reduced externally threaded lower end portion 2014 
on which is secured an annular pull nut 20 i5 having a 
lower external annular end flange 2016. The pull nut is 
held against rotation on the neck portion 2014 by a lat 
eral roll pin 2017 extending through the nut and neck 
portion. An upper slider spring 2018 is positioned around 
the connector socket neck portion confined between an 
internal shoulder 2002a at the upper end of the Spring 
and an annular spring retainer 2019 at the lower end of 
the spring. The spring retainer has a flange portion 2019a 
the upper surface of which supports the lower end of 
the upper slider spring and the lower surface of which 
is biased by the spring against the upper ends of the key 
retractors 414 and 414a illustrated in FIGURE 8B. The 
pull nut 2015 is received within the recess 422 of the 
key retractors so that when necessary to retrieve the up 
shift assembly by severing the shear pin 2004 the pull 
nut flange 2016 is raised to engage the internal annular 
shoulders 424 of the key retractors to lift the key re 
tractors withdrawing the keys inwardly. Since the elon 
gated recesses 422 in the key retractors are necessary to 
accommodate the required longitudinal action of the 
pull nut 2015, the retractors 414 of the down-shift assem 
bly 300 are utilized in this form of the up-shift assembly 
rather than the retractors 1069 used in the compression 
form of up-shift assembly 1000. 
The lower end portion of the monitor unit of the up 

shift assembly 1000A is a modification of the up-shift 
assembly 1600 to adapt the assembly to activation by a 
tension force applied to the lower end of the assembly 
to pull its slider downwardly. The up-shift assembly 
1000A uses a modified slider 1097a which is identical to 
the slider 1097 of the up-shift assembly 000 as illus 
trated in FIGURES 12b and 12C modified by the pro 
vision below the flange 1121 of a neck portion 2020 and 
a reduced lower neck portion 2021 which is threaded 
along a lower end section. A lower retainer member 
2022 having an upper reduced section 2023 is threaded 
into a lower end portion of the monitor unit mandrel 
1098. The retainer 2022 has a lower internal annular 
end flange 2024 which serves as a lower spring retainer 
shoulder for a lower slider spring 2055 which is engaged 
at its upper end with the flange 1121 on the slider. The 
retainer 2022 is held against rotation relative to the man 
drel 1098 by an annular lock wire 2026 is an external 
annular recess 2027 in the retainer. The lock wire has 
a bent free end 2028 extending perpendicular to the an 
nular or body portion of the wire through a slot 2029 
in the retainer into a blind recess or slot 2030 opening 
through the lower end of the mandrel 1098. s 
A bottom connector socket 2031 having a lower in 

ternal annular end flange 2032 and a locking recess 2033 
is supported on a nut 2034 threaded on the lower end 
section of the reduced slider neck portion 2021. The nut 
2034 is held against rotation relative to the slider neck 
portion by a roll pin 2035 which is inserted through a 
lateral access holes 2036 in the bottom connector after 
the bottom connector and nut are assembled on the slider. 
The nut has a flange 2034a which is engageable with an 
upper internal annular end flange 2031a to Support the 
bottom connector from the nut. The locking recess 2033 
is adapted to receive an upper end portion of a coupler 
260 for connecting a lower piston unit to the lower end 
of the upper shift assembly 1000A. 
The up-shift assembly 1000A functions identically to 

the up-shift assembly 1000, as previously discussed, ex 
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cept in the manner in which it is activated and deacti 
vated. The up-shift assembly 1000A is activated by move 
ment of the bottom connector 2031 in a direction away 
from the assembly to apply a pulling or tension force on 
the slider 1097a. The up-shift assembly is activated by 
simultaneous application of an upward force to the top 
connector 2000 and a downward force to the bottom 
connector 2031; it is activated by holding the top con 
nector against movement while applying a downward 
force to the bottom connector; or it is activated by hold 
ing the bottom connector against movement while apply 
ing an upward force to the top connector. The slider 
1097a of the assembly moves downwardly compressing 
the lower slider spring 2025 between the slider shoulder 
121 and the retainer end flange 2024. The downward 
movement of the slider activates the monitor unit feeler 
and locks the slider at its lower end position by means 
of the trigger assembly. As the slider moves downwardly, 
the head it84 of the push rod 1083 is withdrawn from 
the lower end of the key retractors permitting the upper 
slider spring 2018 to force the spring retainer 2019 down 
Wardly thereby forcing the key retractors downwardly 
releasing the sleeve shifting keys for radial expansion. 
When the upper slider spring is fully expanded thereby 
forcing the key retractors to their lower positions, the 
pull nut flange 2016 is engaged or substantially engaged 
with the internal shoulder 424 of the key retractors. 
When the monitor feeler 1137 is received within a 

sliding sleeve valve internal annular recess which permits 
it to expand sufficiently to release the slider for upward 
movement, as discussed above in connection with the 
up-shift assembly 1000, the lower slider spring 2025 ex 
pands moving the slider relative to the sleeve shifting 
and monitor unit mandrels so that the push rod head 
1084 forces the key retractors upwardly relative to the 
keys retracting the keys inwardly to their deactivated posi 
tions. The upward movement of the key retractors forces 
the spring retainer 2019 upwardly compressing the upper 
slider spring 2018 so that the component parts of the 
up-shift assembly 1000A are returned to the relative posi 
tions shown in FIGURE 14 with the sleeve shifting keys 
and the monitor feeler being contracted inwardly to their 
deactivated positions. 
The tool train D is employed when the objective is 

the opening or up-shifting of only selected sliding sleeve 
valves leaving the remaining valves in their lower closed 
positions. The tool train is assembled and inserted into 
the input conduit lubricator portion 115a in the same 
manner as described in connection with the tool trains 
A-C. Since the up-shift assembly 1000A is operable for 
moving the sliding sleeve upwardly to an open position 
only during upward movement of a tool train, it is neces 
sary that the tool train be pumped through the flow con 
ductor to a location below the lowermost sliding sleeve 
valve to be opened and subsequently each selected sliding 
sleeve valve to be opened is opened during the return trip 
of the tool train to the surface end of the flow conductor. 
For purposes of this discussion, it shall be assumed that 
Several of the sliding sleeve valves in a flow conductor in 
cluding the lowermost of the valves are to be moved from 
their lower closed to upper open positions. Thus, initially 
the tool train is pumped through the flow conductor to 
its lower end until engagement of the lower end of the 
lower piston unit 200a with the bottom stop 110. 
When the tool train is inserted into the lubricator, the 

shifting keys and the monitor feeler of the up-shift assem 
bly are at their retracted positions. The tool train is 
pumped downwardly through the flow conductor until 
the dogs of the detent unit 700 expanded into the recess 
1857 at the upper end of the sliding sleeve 1833. Since 
the upper piston unit 200b is adjusted to apply a mini 
mum downward thrust to the tool train, the thrust force 
moving the tool train through the flow conductor is sub 
stantially all supplied by the lower piston unit 200a which 
is adjusted to apply a thrust in excess of the holding ca 
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pability of the detent unit. When the detent unit releasably 
locks at the upper end of the sliding sleeve in the upper 
most sliding sleeve valve, a pressure pulse is transmitted 
to the surface indicating arrival of the tool train at the 
sleeve valve. 

Responsive to the pressure pulse signal the input pres 
sure of the displacing fluid is increased to cam the locking 
dogs of the detent unit inwardly and release the tool train 
to continue its downward travel in the flow conductor. The 
downward thrust of the lower piston unit on the tool train 
sleeve valve applies a downward force on the lower socket 
connector 203 of the up-shift assembly pulling its slider 
downwardly permitting its upper slider spring to force its 
key retractors downwardly releasing its shifting keys and 
monitor feeler which expand radially into sliding contact 
with the inside wall surface of the flow conductor. The tool 
train moves downwardly from the sliding sleeve valve 
with its up-shift assembly sleeve shifting keys and monitor 
feeler biased outwardly and dragging along the inside 
wall of the flow conductor. The tool train moves into the 
next of the sliding sleeve valves until the monitor feeler is 
aligned with the recess 1857 at the upper end of the sliding 
sleeve 1833 allowing the feeler to further expand out 
wardly into the recess thereby disengaging the trigger 
from the slider of the up-shift assembly to allow the lower 
slider spring 2025 of the assembly to expand deactivating 
the assembly by contraction of its sleeve shifting keys and 
monitor feeler to their inward positions. The deactivation 
of the up-shift assembly occurs without interruption of 
the downward movement of the tool train as it enters 
the sliding sleeve valve since the monitor feeler passes 
outwardly into the recess 1857 to release the slider and is 
immediately cammed inwardly by the shoulder 1858. The 
tool train thus continues its downward travel a short 
distance until the bosses on the locking dogs of the detent 
unit move outwardly into the recess i857 to releasably 
lock the tool train against downward movement. A pres 
sure signal is transmitted through the displacing fluid to 
the surface and the displacing fluid pressure is increased 
to force the tool train through the sliding sleeve valve 
activating the up-shift assembly and displacing the tool 
train downwardly to the next sliding sleeve valve in the 
flow conductor. These steps of deactivating the up-shift 
assembly and immediately activating without affecting the 
lower closed position of the sliding sleeve in each valve is 
repeated at each of the sliding sleeve valves as the tool 
train moves downwardly. 
When the tool train passes downwardly from the lowest 

sliding sleeve valve its up-shift assembly is activated with 
its shifting keys and monitor feeler biased outwardly. The 
tool train is displaced downwardly in the flow conductor 
until the lower end of the lower piston unit engages the 
bottom stop 110. The up-shaft assembly release nipple 
140 is included in the flow conductor at a location above 
the bottom stop so that at least the monitor unit of the 
up-shift assembly must move into the nipple 40 at or 
prior to the time that the lower end of the tool train 
engages the bottom stop. When the monitor feeler is re 
ceived in the bottom nipple the up-shift assembly is 
deactivated as previously described so that the tool train 
may begin its upward movement in the flow conductor 
with its up-shift assembly keys and monitor feeler re 
tracted and locked inwardly. Upon arrival of the tool 
train at the bottom stop the flow direction of the displacing 
fluid is reversed to pump the tool train back upwardly in 
the flow conductor. The tool train is then pumped up 
wardly into the lowermost sliding sleeve valve. Assume 
for purposes of this discussion to exemplify the selective 
functioning of the tool train D that the lowermost sliding 
sleeve valve is to remain at its lower closed position 
while the second or next sliding sleeve valve upwardly 
in the flow conductor is to be moved to its upper open 
position. The tool train thus moves upwardly in the flow 
conductor into the lowermost sliding sleeve valve until 
the locking dogs on the detent unit 700 are aligned with 
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and move outwardly into the recess 1857 at the upper end 
of the downwardly positioned sleeve 1833 in the valve 
releasably locking the tool train against upward move 
ment. The up-shift assembly, which was deactivated at 
the nipple 140 below the lowermost sliding sleeve valve, 
moves into the sliding sleeve valve with its sleeve shift 
ing keys and monitor feeler at their retracted positions. 
The releasable engagement of the detent unit with the slid 
ing sleeve holds the tool train generating a pressure signal 
which is transmitted to the surface responsive to which 
the displacing fluid input pressure into the annulus is in 
creased until the detent unit dogs are cammed inwardly 
to release the tool train for upward movement through and 
out of the lowermost sliding sleeve valve. With the up 
shift keys retracted inwardly they freely move through the 
sliding sleeve without engaging its shifting recesses and 
since the up-shift assembly 1000A is activatable only by 
a tension force the thrust applies to the tool train by 
the lower piston unit on the up-shift assembly does not 
activate the up-shift assembly. Thus, the tool train moves 
through the lowermost sliding sleeve valve without affect 
ing the downward closed position of its sliding sleeve. 
Upon release of the tool train D from the lowermost 

sliding sleeve it moves upwardly in the flow conductor 
until it arrives at the next sliding sleeve valve which, as 
indicated above, is to be moved to its upper open position. 
When the detent unit releasably locks the tool train in the 
sliding sleeve valve a pressure signal is generated and 
transmitted to the surface. Since this sliding sleeve is to 
be shifted upwardly the direction of displacing fluid flow 
is reversed with input fluid moving downwardly in the flow 
conductor above the tool train. The fluid flows down 
Wardly through the upper piston unit which applies only 
a minimum downward thrust to the tool train. The fluid 
develops a pressure differential across the lower piston 
unit which applies a downward thrust to the tool train 
effecting a downward force on the bottom connector 
socket 2031 of the up-shift assembly. The slider 1097a 
is pulled downwardly activating the up-shift assembly 
causing its keys and monitor feeler to be biased radially 
outwardly as described in detail above. The downward 
thrust of the lower piston unit also effects release of 
the detent unit from the recess above the upper end of 
the sliding sleeve allowing the tool train to move down 
Wardly in activated condition. The release of the tool 
train from the sliding sleeve for movement downwardly 
causes a lowering of the displacing fluid pressure at the 
Surface in response to which the displacing fluid flow 
direction is again reversed to pump the tool train upwardly 
agai I. 

The tool train D is then pumped upwardly into the 
sliding sleeve valve to be opened until the detent unit 
dog bosses are aligned with and expand into the recess 
1857 above the upper end of the sleeve the sliding sleeve 
releasably locking the tool train against upward move 
ment. The displacing fluid pressure in the annulus is in 
creased until it is sufficient to cam the detent unit dogs 
inWardly and release the tool train to move upwardly. 
Since the up-shift unit is now activated the tool train 
moves upwardly until its up-shift keys are aligned with 
and move outwardly into the lower sliding sleeve recesses 
1876 and 1877. The up-shift keys engage the sliding sleeve 
So that as the tool train moves upwardly the sliding sleeve 
is shifted to its upper open position. As the sleeve moves 
upwardly, the lower recess 1865 in the sleeve valve man 
drel is uncovered by the lower end of the sliding sleeve 
permitting the monitor feeler to move outwardly into the 
recess to release the trigger assembly of the up-shift as 
sembly allowing the lower slider spring to deactivate the 
up-shift assembly in the manner previously described in 
detail. When the up-shift assembly is deactivated its up 
shift keys and monitor feeler are retracted inwardly free 
ing the tool train to resume its upward movement in the 
flow conductor. Since the sleeve of the sliding sleeve valve 
is at its upper open position the displacing fluid being 
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pumped into the annulus has access to the flow conductor 
through the sliding sleeve valve between the upper and 
lower piston units of the tool train. The upper piston unit 
is adapted to deliver a greater thrust than the lower piston 
unit so that any displacing fluid entering between the 
piston units displace the tool train upwardly until the 
lower piston unit of the train is above the open sliding 
sleeve valve at which time the tool train continues its 
upward movement responsive to thrust being applied by 
the lower piston unit. 
The tool train D continues upward movement in the 

flow conductor toward the next siding sleeve valve in 
the flow conductor. The tool train left the open sliding 
sleeve valve with its up-shift assembly deactivated; the 
train may therefore be pumped through the next sliding 
sleeve valve without opening the valve in the manner de 
scribed in connection with the lowermost sliding sleeve 
valve or, in the alternative, if the next sliding sleeve valve 
is to be moved to its upper open position, the tool train 
may, after engagement with it by its detent unit, be re 
versed down through the sliding sleeve valve to apply a 
tension force to activate its up-shift assembly and then 
again moved upwardly through the sliding sleeve valve 
to shift its sliding sleeve to its upper open position as 
described in detail hereinabove. 

Thus, the tool train D enters each sliding sleeve valve 
during its upward travel with its up-shift assembly in the 
deactivated condition. If the sliding sleeve valve is not 
to be opened, the tool train is displaced on through the 
valve. At each sliding sleeve valve to be opened during : 
the upward movement of the tool train, the train is re 
versed back downwardly through the sleeve valve to apply 
a tension force to activate its upshift assembly and then 
the tool train is pumped upwardly with its up-shift as 
sembly in the activated condition to shift the sliding sleeve 
valve to its upper open position. It will thus be seen that 
the tool train D is manipulated from the surface by vari 
ations in the pressure and flow direction of the displacing 
fluid to pass through selected sliding sleeve valves with 
out affecting their position and to engage and shift up 
wardly other sliding sleeve valves in the flow conductor 
as desired. 
The tool train E is adapted to discharge the combined 

functions of the tool trains A and D and thus comprises 
essentially a combination of such tool trains. The up-shift 
portion of the tool train E from its upper piston unit 200b 
through its lower piston unit 200a is identical to the tool 
train D while the lower down-shift portion of the tool 
train E below its lower piston 200a comprises a down 
shift assembly 300 and a lower detent unit 700a. The 
lower detent unit is a modified form of the detent unit 
700 to releasably hold the tool train against downward 
movement at each sleeve valve as it moves downwardly 
in the flow conductor while the unit moves freely up 
wardly without releasably holding the train at each sliding 
sleeve. The lower detent unit 700a is identical to the de 
tent unit 700 in all respects except that it does not include 
an upper sear plate 912 on its control rod, as previously 
described, so the detent unit does not releasably lock at 
recesses which receive its locking dogs during its upward 
movement. 
The tool train E functions during downward movement 

in a flow conductor to move all of the sliding sleeve 
valves in the conductor downwardly while during its re 
turn trip in the conductor the tool train functions to lift 
only selected sliding sleeve valves leaving the others un 
disturbed at their lower positions. 
The tool train E is assembled and inserted into the 

lubricator conduit portion 155a following the same pro 
cedural steps described above in connection with the tool 
trains A-D. The tool train is pumped into the fioW con 
ductor and downwardly until it passes into the uppermost 
of the sliding sleeve valves. For purposes of this discussion 
it shall be assumed that all of the sliding sleeve valves in 
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selected ones of the valves are to be opened while the 
remainder of the valves are to be left closed when the 
tool train is withdrawn from the installation. 
The tool train is pumped into the uppermost sliding 

sleeve valve until the locking dogs on the lower detent 
unit 700a are aligned with and move outwardly into the 
upper recess 1857 above the upper end of the sleeve 1833 
in the sleeve valve to releasably lock the tool train against 
downward movement. Since the lower detent unit is the 
first component of the tool train to enter the sliding sleeve 
valve it releasably engages the valve with the major por 
tion of the tool train above the valve. The releasable lock 
ing of the tool train at the sliding sleeve valve by the 
lower detent unit generates a pressure pulse in displacing 
fluid which is transmitted to the surface and in response 
to which the pressure of the displacing fluid in the flow 
conductor above the tool train is increased. The displacing 
fluid flows through the upper piston unit substantially un 
impeded as it is adjusted to deliver minimum downward 
thrust. Thus, the increased displacing fluid pressure ap 
plied to the lower piston unit applies a downward thrust 
to the tool train which compresses the down-shift assem 
bly 300 since the tool train is being held against down 
ward movement by the lower detent unit which is below 
the downshift assembly. The downward thrust on the 
lower piston unit activates the downshift assembly, as 
described above, and displaces the lower detent unit down 
wardly releasing the tool train to move downwardly in 
the sleeve valve until the sleeve shifting keys of the down 
shift assembly expands into the sleeve recesses 1870 and 
1871 to shift the sliding sleeve 1833 downwardly to its 
closed position. As the sleeve moves downwardly the 
monitor feeler moves into the upper recess 1857 to de 
activate the downshift assembly and release it from the 
sliding sleeve as previously discussed. 
The tool train resumes downward movement through 

the first sliding sleeve valve with the lower piston unit 
200a and the up-shift assembly 1000A moving down 
wardly freely since the up-shift assembly keys and moni 
tor feeler are deactivated and thus retracted to their 
inward positions. The tool train moves downwardly until 
the locking dogs of the upper detent unit 700 are aligned 
with and move outwardly into the upper recess 1857 
above the sliding sleeve. The detent unit again releasably 
locks the tool train against downward movement which 
transmits a pressure signal to the surface in response to 
which the pressure is again increased in the displacing 
fluid. Since the upper piston unit exerts a minimum down 
Ward thrust on the tool train, the increased pressure across 
the lower piston unit activates the up-shift assembly and 
releases the upper detent unit from the sliding sleeve to 
allow the tool train to move downwardly from the first 
sliding sleeve valve which has been shifted from its upper 
to its lower closed position by the down-shift assembly 
portion of the tool train. 
As the tool train E leaves the first sliding sleeve valve 

and moves downwardly to the second sliding sleeve valve 
its down-shift assembly is deactivated with its down-shift 
keys and monitor unit feeler locked at their inward po 
sitions while the up-shift assembly is activated with its 
up-shift keys and monitor feeler biased radially outwardly 
against the inside wall of the fow conductor. At the sec 
ond sliding sleeve valve the above discussed procedure 
of activation of the down-shift assembly and the shifting 
of the sliding sleeve valve downwardly is repeated. The 
up-shift assembly is deactivated when its monitor unit 
feeler moves into the recess at the upper end of the down 
wardly moved sliding sleeve and is immediately reac 
tivated when the upper detent unit releasably locks at 
such recess and the tool train is displaced downwardly 
from the sliding sleeve valve. Thus, as the tool train E 
moves downwardly in the flow conductor, each of the 
sliding sleeve valves is moved downwardly to its closed 
position and the up-shift assembly is deactivated and ac 

the well installation are at upper open positions and that 75 tivated at each sliding sleeve valve moving between the 
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valves in the activated condition but not affecting their 
position since the up-shift assembly performs a sleeve 
moving function only when it is moving in an upward 
direction. The tool train leaves the lowermost sliding 
sleeve valve at its lower closed position with the down 
shift assembly of the tool train deactivated and the up 
shift assembly activated. The tool train is pumped down 
wardly in the flow conductor until its up-shift assembly 
passes into the nipple 140 to deactivate the up-shift as 
sembly and subsequently until the lower end of the lower 
detent unit engages the bottom stop 110 limiting this 
downward movement of the tool train. 
The direction of fluid flow is reversed to pump the tool 

train back to the surface opening selected sliding sleeve 
valves during its return trip. The tool train leaves the 
lower end of the flow conductor with both its up-shift 
and down-shift assemblies deactivated. The tool train is 
pumped upwardly into the lowermost sliding sleeve valve 
until the upper detent unit 700 has moved through the 
valve sleeve 1833 and the detent unit dogs have sprung 
outwardly into the recess 1857 above the upper end of 
the sleeve. The upper detent unit releasably holds the 
tool train against further upward movement. If this sleeve 
valve is to be shifted to its upper position, fluid flow is 
reversed with the fluid flowing downwardly through the 
upper piston unit imposing a minimum thrust on the tool 
train while the major thrust is applied by the lower piston 
unit 200a to effect tension activation of the up-shift as 
sembly and displace the tool train downwardly below the 
lowermost sleeve valve. The fluid flow direction is again 
reversed to pump the tool train upwardly into the lower 
most sliding sleeve valve to shift its sleeve to its upper 
open position and release the up-shift assembly from 
the sleeve. The upper up-shifting portion of the tool train 
E functions exactly in the same manner as the tool train 
D so that it is reversed downwardly through a sliding 
sleeve to activate the tension reloading up-shift and up 
ward movement is resumed to shift the sleeve to its upper 
position. After the valve sleeve is shifted upwardly and 
the up-shift assembly is released from the sleeve, the 
lower piston unit along with the down-shift assembly and 
lower detent unit are lifted in the flow conductor out 
of the sleeve valve by the tool train with no effect on 
the upwardly shifted sliding sleeve. The shifting keys 
and monitor feeler of the down-shift assembly 300 are 
retained in their locked retracted positions throughout 
the upward travel of the tool train and the lower detent 
unit 700a passes freely upwardly through all of the 
recesses of the sliding sleeve without releasably locking 
the tool train against upward movement. Thus, all com 
ponents of the tool train E below the lower piston are 
inactive during the upward travel of the tool train. 

If one of the sliding sleeves is not to be returned 
to its upper position, the tool train is not reversed down 
wardly through that sleeve for the purpose of activating 
the tension up-shift assembly, but, on the contrary, the 
tool train is simply displaced upwardly through a sliding 
sleeve valve not to be shifted when its upper detent unit 
releasably locks at such sliding sleeve. In essence, during 
the return upward trip of the tool train E, its selective 
up-shift portion functions identically to the tool train 
D with such sleeves as desired being shifted upwardly 
to their open positions. Also, during such return trip, 
as pointed out above, the down-shift portion of the tool 
train moves freely through each of the sliding sleeve 
valves. 

It will be obvious that it is necessary for the lower 
detent unit 700a to be activated only during its down 
ward movement in the flow conductor and it must move 
freely during the upper trip of the tool train since the 
upshift assembly is activated by a tension force. If the 
lower detent unit were active also during the upward 
trip of the tool train, it would releasably hold the tool 
train against upward movement by engaging the recess 
below the lower end of an upwardly shifted sleeve causing 
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the up-shift assembly to be reloaded by a tension force 
applied by the upper piston unit 209 so that the tool train 
Would leave a sleeve valve in activated condition and 
could not be moved through the next sliding sleeve with 
out shiting it upwardly. However, with the bottom detent 
unit inactive during its upward travel, the only way the 
up-shift assembly can be activated is by reversal down 
through a sliding sleeve thus permitting the tool train 
to be selective during its upward trip in the opening of 
the sliding sleeve valves. 
FIGURE 15 represents a modified form of up-shift as 

Sembly 000B which has a modified lower portion of the 
compression form of up-shift assembly illustrated in FIG 
URES 11 and 12 adapted to be activated by either com 
pression or tension forces applied to opposite ends of the 
assembly. The central and upper portions of the up-shift 
assembly 1000B are identical to the up-shift assembly 1000 
illustrated in FIGURES 11 and 12. The lower end of 
the slider 1097 is modified by substitution of a pulling head 
2100 for the neck 1107. The pulling head has a reduced 
portion 2100a and a lower annular end flange 2100b. A 
Split tubular sleeve 210i having an upper internal an 
nullar fange 202 and a lower internal annular fange 
2103 is fitted around the pulling head 2100. The upper 
internal flange 2102 of the sleeve fits around the reduced 
portion 2100a of the pulling head above the flange 2100b. 
The split sleeve also fits around a lower tension or pull 

rod 2104 having an upper external annular end flange 
2105 and a reduced central portion 2106. The lower in 
ternal flange 2103 of the split sleeve fits around the re 
duced portion 2106 of the pull rod below its upper end 
flange 2105. The split sleeve is held on the pull head 
2100 and the pull rod 2104 by a lower slider spring 2:07 
which fits telescopically over the split sleeve and pull rod 
confined at its upper end against the lower face of the 
slider shoulder 1121 and at its lower end by an internal 
annular flange 2108 of a lower tubular retainer 2109. 
The retainer 2109 has an upper reduced portion 2110 
threaded into a lower end portion of the monitor unit 
housing 1098. A bottom socket connector 211 is sup 
ported from the pull rod 2104 by a nut 2112 threaded 
on a lower end portion of the pull rod and held against 
rotation relative to the pull rod by a roll pin 213 ex 
tending laterally through the nut and the pull rod. The 
bottom connector socket has lateral holes 2114 pro 
viding access through the socket for insertion of the 
roll pin 2113 through the nut and pull rod. The bottom 
connector socket has an upper annular spherical por 
tion 2115 providing an upwardly facing annular spherical 
Surface portion 2116 and a downwardly facing annular 
spherical surface portion 2117. The upper surface 2116 
of the connector Socket is slidably engageable with a down 
Wardly facing annular spherical surface portion 2118 on 
the lower end of the retainer 2109 while the surface por 
tion 2117 of the connector socket is engageable with an 
upper spherical surface portion 2119 on the nut 2112 
So that the bottom connector socket swives between the 
nut and lower end surface of the retainer 2109 to enhance 
the articulated connection between the lower end portion 
of the up-shift assembly and a tool string component con 
nected with and below the assembly. The bottom con 
nector Socket has a downwardly opening socket recess 
2120 and a lower internal annular locking flange 2121 
to engage with locking flanges on a coupler 260 for 
connecting the up-shift assembly with a tool train unit 
below the assembly. 
The up-shift assembly 1000B functions in exactly the 

same manner as the up-shift assembly 1000 when em 
polyed at a location in a tool string where it is activated 
by compression forces and in the same manner as the 
up-shift assembly 1000A when located in a tool string 
such that it is activated by tension forces. A compressive 
force applied to the top connector socket 1042 telescopes 
the reduced neck portion and shear pin sleeve downward 
ly displacing the key retractor and other longitudinally 
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movable components including the slider 1097 releasing 
the up-shift keys and monitor feeler and compressing 
the bottom sliding spring 2107. The split sleeve 2101 is 
telescoped downwardly over the pull rod 2104 by the 
pull head 2100 on the lower end of the slider. When the 
slider is released by the monitor unit feeler the spring 
2107 expands pushing the slider upwardly and lifting the 
split sleeve 2101 upwardly to the position illustrated in 
FIGURE 15. The up-shift keys and monitor feeler are 
retracted inwardly by the slider and key retractor move 
ments as previously described. 
When the up-shift assembly 1000B functions as a 

tension activated assembly, a force applied to the bottom 
connector 2111 away from the up-shift assembly pulls 
the pull rod 2104 downwardly. The split sleeve 2101 and 
the slider 1097 are retracted downwardly by the pull rod. 
As the slider moves downwardly the push rod 1096 is 
drawn downwardly from the push rod 1083 so that the 
key retractors are not held at their upper position by 
the push rod head 1084. The upper slider spring 1079 : 
expands acting through the split sleeve 1064 displaces 
the slip retractors downwardly to release the sleeve shift 
ing keys for radial expansion. The bottom connector pulls 
the slider downwardly until it is releasably locked at its 
lower end position by the trigger 1113. Release of the 
slider by the trigger when actuated by the monitor feeler 
137 permits the lower slider spring 207 to expand re 
turning the slider upwardly compressing the upper slider 
spring and retracting the shifting keys and monitor feeler 
to their inward positions. 
When the up-shift assembly 1006B is employed in the 

selective sleeve shifting tool trains D and E, it is necessary 
that the lower piston unit be adjusted to provide a mini 
mum upward thrust so that the up-shift assembly is not 
activated by compressive forces. For example, in both the 
tool trains D and E if the up-shift assembly 1000B is 
substituted for the up-shift assembly 1000A, a lower piston 
unit 200C is used having its upper valve springs 25 
selected so that the piston unit will exert a minimum 
upward thrust, for example, about 75 pounds, against the 
tool train so that the up-shift assembly is not subjected 
to sufficient compression to activate it. Thus, when the 
tool trains with the up-shift assembly 1000B moves into 
a downwardly positioned sliding sleeve valve which is 
not to be moved to its upper open position the dogs of 
the detent unit 700 enter the recess at the upper end of 
the sliding sleeve holding the tool train against upward 
movement. The pressure of the displacing fluid within 
the flow conductor below the tool train is increased So 
that sufficient thrust will be applied to the tool train to re 
lease the detent unit to allow the tool train to resume up 
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ward movement. Since the lower piston unit does not gen 
erate sufficient thrust to activate the up-shift assembly it 
remains in its deactivated condition with the upper piston 
200b generating sufficient thrust to lift the tool train dis 
engaging the detent unit and permitting the tool train to 
resume upward movement. When a sleeve is to be shifted 
the tool train is reversed as described above to activate the 
up-shift assembly 1000B by application of a downward 
force by the piston 200c. Other than in the use of a lower 
piston 200c, a train including the up-shift assembly 1000B 
functions in the same manner as the tool trains D and E. 
The up-shift assembly 1000B is readily convertible back 

to the form of the assembly 1000 activated by compres 
sion only by substitution of the lower retainer 1124 for 
the retainer 2109 and bottom connector 2111 along with 
removal of the split sleeve 2101, the pull rod 2104, and 
the nut 2112. A. 

It will now be seen that new and improved methods and 
apparatus for remote operation of operator devices in a 
flow conductor have been described and illustrated. 

It will be further seen that new and improved methods 
and apparatus for remotely opening and closing sliding 
sleeve valves in a flow conductor have been described 
and illustrated. 
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It will also be seen that new and improved methods 

and apparatus for shifting sliding sleeve valves in a flow 
conductor between selected positions have been described 
and illustrated. 

It will be seen that according to the invention a tool 
train including holding means and operator shifting means 
is displaced by fluid pressure through a flow conductor to 
operator means in the conductor, the train is releasably 
held by the holding means to activate the shifting means, 
the operator means is engaged by the shifting means and 
shifted, and the shifting means is released from the opera 
tor means and the train displaced from the operator 
ICIS. 

It will be further seen that with the methods and 
apparatus described sliding sleeve valves in a flow conduc 
tor are sequentially moved from a first to a second posi 
tion. 

It will also be seen that with the methods and apparatus 
described each sliding sleeve valve in a flow conductor is 
sequentially moved from a second back to a first position. 

It will be further seen that with methods and apparatus 
described all sliding sleeve valves in a flow conductor are 
first sequentially moved from a first to a second position 
and then sequentially moved from the second back to the 
first position. 

It will be further seen that with the methods and 
apparatus described selected sliding sleeve valves only in 
a flow conductor are moved from one position to another 
position. 

It will be further seen that the method and apparatus 
of the invention are adapted for sequentially moving each 
of the sliding sleeve valves in a flow conductor from first 
to second positions and subsequently sequentially moving 
only selected ones of such sliding sleeve valves from such 
second positions back to their first positions. 

It will be further seen that a tool train is illustrated 
and described for pumping between first and second ends 
of a flow conductor to move sliding sleeve valves in a flow 
conductor toward the second end of the conductor. 

It will be further seen that a tool train is described and 
illustrated for pumping between first and second ends of 
a flow conductor for sequentially shifting all of the sliding 
sleeve valves in a flow conductor toward the first end of 
the conductor. 

It will be further seen a tool train described and 
illustrated is pumped between first and second ends of a 
flow conductor for shifting sliding sleeve valves in the 
flow conductor toward said second end during movement 
of the tool train toward such end and for shifting each 
of the sliding sleeve valves back toward said first end dur 
ing the return trip of the tool train toward such first con 
ductor end. 

It will also be seen that a tool train has been described 
and illustrated for pumping between first and second ends 
of a flow conductor for shifting only selected sliding 
sleeve valves in the conductor toward the first end of the 
conductor. 

It will also be seen that a tool train has been described 
and illustrated for shifting sliding sleeve valves in a flow 
conductor first to second positions including a piston 
propulsion unit, a sleeve shifting assembly having a sleeve 
shifting unit and a monitor unit for releasing the assembly 
from a sliding sleeve, and means for releasably holding 
the tool train against movement in the flow conductor 
while affecting activation of the sleeve shifting assembly. 

It will be further seen that a tool train has been 
described and illustrated for pumping through a flow 
conductor to move each sliding sleeve valve included in 
the conductor from a second back to a first position com 
prising a piston propulsion unit, means for releasably 
holding the tool train against movement in the flow con 
ductor, a sleeve shifting assembly for moving each sliding 
sleeve from its second back to its first position including a 
sleeve shifting unit and a monitor unit for releasing the 
sleeve shifting unit from each sliding sleeve valve. 
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It will be further seen that a tool train has been 
described and illustrated for shifting each sliding sleeve 
in a flow conductor from an upper to a lower position 
during movement of the tool train toward the lower end 
of the flow conductor and for shifting each of the valves 
from its lower back to its upper position during the return 
of the tool train from the lower end of the flow conductor 
comprising a first piston propulsion unit, a sleeve shifting 
assembly for engaging and moving each sliding sleeve 
valve from its upper to its lower position, means for 
releasably holding the tool train against movement in the 
flow conductor, a sleeve shifting assembly for moving 
each sliding sleeve valve back from its lower to its upper 
position, and a second piston propulsion unit. 

It will be further seen that a tool train has been 
described and illustrated for shifting only selected sleeve 
valves in a flow conductor from lower to upper positions 
comprising a first piston propulsion unit, a detent unit, and 
a sleeve shifting assembly activated responsive to tension 
forces applied to opposite ends of the assembly for shifting 
selected sleeve valves from lower to upper positions, and 
a lower piston propulsion unit. 

It will be further seen that a tool train has been de 
scribed and illustrated for shifting sliding sleeve valves 
in a flow conductor from upper end to lower end positions 
and subsequently for shifting only selected ones of such 
sliding sleeve valves back from lower to upper positions, 
such tool train comprising an upper piston propulsion 
unit, an upper detent unit, a sliding sleeve valve shifting 
assembly activated responsive to tension forces applied 
to opposite ends of the assembly for moving only se 
lected sliding sleeve in a flow conductor from lower to 
upper end positions, a lower piston propulsion unit, a 
sliding sleeve valve shifting assembly activated responsive 
to compressive forces applied to opposite ends of the as 
sembly for moving each of the sliding sleeve valves in a 
flow conductor from upper to Iower positions, and a lower 
detent unit. 

It will be further seen that each of the sleeve shifting 
assemblies described herein includes mandrel means radi 
ally expandable and retractable, sleeve shifting keys sup 
ported in the mandrel means for engaging a sliding 
sleeve, key operators or retractors for retracting the keys 
inwardly and for releasing the keys to an expanded posi 
tion, a spring loaded slider or push rod for moving the 
key retractors in one direction to retract the keys radially 
inwardly, an assembly for moving the key retractors in an 
opposite direction for releasing the keys for radial expan 
sion, a trigger assembly for releasably locking the slider 
at one position against the slider spring to hold the key 
retractors at a key releasing position, and a feeler mem 
ber operably connected with the trigger assembly for dis 
engaging the trigger assembly from the slider when the 
feeler is received within a sliding sleeve valve recess ex 
posed to the feeler by the shifting of a sliding sleeve by 
the keys. 

It will also be seen that ore form of sliding sleeve 
valve shifting assembly described includes a slider for 
controlling the expansion and contraction of the sleeve 
shifting keys and a monitor unit feeler activated by com 
pressive forces applied to opposite ends of the assembly. 

It will be also seen that another form of sleeve shifting 
assembly described includes a slider for controlling shift 
ing key position and a monitor unit feeler activated by 
application of tension forces to opposite ends of the as 
sembly. 

It will be seen that a still further form of sleeve shifting 
assembly described includes a slider and a monitor unit 
feeler activated by either compressive or tension forces 
applied to opposite ends of the assembly. 

It will be further seen that the sleeve shifting assem 
blies described each include shearable means for releasing 
each assembly from a lodged condition within a flow con 
ductor in the event of malfunctioning of its sleeve valve 
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shifting assemblies which prevents deactivation by its 
slider spring after release by the trigger mechanism. 

Cnder certain conditions the tool train C, as shown 
in FIGURE 3, is inoperative thereby necessitating the 
use of an alternate form of tool train for moving each 
of the sleeve members of the sliding sleeve valves in a flow 
conductor to its closed position and subsequently moving 
each such member back to its open position. For example, 
if the compressive force required to activate the down 
shift assembly 300 and the sum of the weights of the 
tool string and any components connected thereto ex 
ceed the holding ability of the detent unit, the down-shift 
assembly cannot be activated. Such a situation normally 
does not arise when only the sliding sleeve members are 
to be moved between positions and thus the weight on the 
tool train is only that of its components. However, when 
the tool train is utilized both for opening and closing slid 
ing sleeve valves and for installing and/or removing flow 
control devices such as gas lift valves, not shown, in the 
sliding sleeve valves, the flow control devices and their 
supporting means, such as a flexible probe pendant from 
the lower end of the tool train, may provide sufficient 
weight which when combined with the compressive force 
necessary to activate the down-shift assembly will cause 
the tool train to pass through a sliding sleeve valve with 
out activating the down-shift assembly and consequently 
without shifting the sleeve members downwardly. Under 
such conditions an alternate form of tool train F illustrated 
in FIGURE 21 is used. The tool train F includes a detent 
unit 700, a tension force activated down-shift assembly 
309A, a first or upper piston propulsion unit 200, an up 
shift assembly 1000, and a second or lower piston pro 
pulsion unit 200a interconnected by couplers 260 to pro 
vide an articulated train. When the tool train F is used, the 
well installation includes a nipple flow conductor section, 
not shown, above the uppermost sliding sleeve valve 104 
providing an internal annular recess in the flow conductor 
to receive the locking dogs 728 and 728a of the detent 
unit for holding the detent unit against movement while 
activating the tension loaded down-shift assembly 300A 
prior to its entry into the first or uppermost of the sliding 
sleeve valves. 
The down-shift assembly 300A constitutes a modified 

form of the down-shift assembly 300 shown in FIGURES 
7 and 8. The down-shift assembly 300A has identical 
structure to the down-shift assembly 300 except along 
opposite end portions illustrated in detail in FIGURE 18 
whereby the assembly is activated by holding its upper 
end against downward movement while applying a down 
ward or tension force to the bottom socket connector of 
the assembly to effect downward movement of its slider 
and key retractors. Referring specifically to FIGURE 18, 
components which are identical to those of the down-shift 
assembly 300 are designated by the same reference nu 
merals as used in FIGURES 7 and 8. An upper end mem 
ber 2200 having a reduced lower end section 2201 is 
threaded into the upper end portion of the mandrel 311 to 
serve a dual function as both a top connector socket and 
a top cap or retainer. The member 2200 has an upwardly 
opening socket 2202 to receive locking flanges on an end 
portion of one of the couplers 260 for connecting the 
down-shift assembly with the detent unit 700. The mem 
ber 2200 has a centrally positioned lateral or transverse 
portion 2203 defining the upper end of a downwardly 
opening recess 2204 which receives an upper end portion 
of a slider 308a. The member 2200 is locked against rota 
tion relative to the body mandrel 311 by a lock wire 
312 positioned in an external annular recess 2205 and 
operably interconnected with the body mandrel as illus 
trated in FIGURE 7. 
The central and lower end portions of the slider 308a 

are identical to the slider 308 of the down-shift assembly 
300 as previously described and illustrated in FIGURES 
7, 7H, and 7I. The slider 308a has an upwardly opening 
cylindrical recess 2206. An upper slider spring 2207 is 
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said positions; and means coacting with said engaging 
means for disengaging said engaging means from said 
body actuated responsive to movement of said engaging 
means and said body. 

2. Apparatus in accordance with claim 1 wherein said 
means for disengaging said apparatus from said body in 
cludes means for detecting movement of said body be 
tween said positions. 

3. Apparatus as defined in claim 2 including articu 
lated mandrel means having one portion supporting said 
means for releasably engaging Said body and a second 
portion pivotally connected to said one portion support 
ing Said means for disengaging said apparatus from Said 
body. 

4. Apparatus for shifting a valve sleeve between longi 
tudinally spaced positions in a flow conductor compris 
ing: mandrel means; sleeve engaging means movably Sup 
ported by said mandrel means; means for locking said 
sleeve engaging means in retracted disengaged position 
and for releasing said sleeve engaging means to be moved 
into engagement with said valve sleeve; detector means 
operably supported from said mandrel means for de 
tecting movement of said sleeve from one to another of 
said spaced positions and releasing said sleeve engaging 
means from said sleeve responsive thereto; and articu 
lated coupling means operably interconnecting said de 
tector means and said sleeve engaging means. 

5. Apparatus for shifting a first body within a second 
body linearly between first and second positions, said 
first body having recess means for receiving shifting key 
means and said second body having longitudinally spaced 
first and second recess means formed therein adjacent 
opposite end portions of said first body, said first spaced 
recess means of said second body being disposed to be 
covered by said first body when said first body is in said 
first position and Said second spaced recess means of said 
Second body being exposed, and said second spaced recess 
means being covered by said first body and said first 
Spaced recess means being exposed when said first body 
is moved to said second position in said second body, 
Said apparatus comprising: mandrel means; shifting key 
means carried by said mandrel means and receivable in 
said recess means of said first body for engaging and shift 
ing said first body between said first and said second 
positions, said shifting key means being biased toward 
engaging relationship with said first body; operator means 
Supported in said mandrel means for releasing said key 
means for movement into engaging position with said 
first body and for moving said key means to a disengag 
ing position relative to said first body; detector means 
Supported by said mandrel means and receivable in said 
second body recess means when exposed by the position 
of Said first body for detecting the position of said first 
body and to actuate said operator means responsive 
thereto for disengaging said key means from said first 
body; and means operably interconnecting said operator 
means and said detector means. 

6. Apparatus as defined in claim 5 wherein said 
mandrel means is articulated comprising at least two por 
tions, said shifting key means being supported in one of 
said portions and said detector means being supported 
in the other of said portions. 

7. Apparatus in accordance with claim 6 wherein said 
means interconnecting said detector means and said shift 
ing key means is releasably lockable at a position at which 
Said shifting key means are released for engagement with 
said first body. 

8. Apparatus in accordance with claim 7 including 
trigger means operably connected between said detector 
means and said means interconnecting said detector means 
and said operator means, said trigger means being oper 
able by said detector means between positions for locking 
said interconnecting means and for releasing said inter 
connecting means. 

9. Apparatus in accordance with claim 8 wherein said 
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operator means and said interconnecting means between 
said operator means and said detector means is actuated 
by at least one force applied to said apparatus directed 
toward said mandrel means. 

10. Apparatus in accordance with claim 8 wherein said 
operator means and said interconnecting means between 
said operator means and said detector means are actuated 
by at least one force applied to said apparatus along a 
direction away from said mandrel means. 
1. A sleeve shifting assembly for moving a sleeve of a 

sliding sleeve valve between first and second positions, 
said sleeve having internal recess means and said sleeve 
valve including a body supporting said sleeve and having 
recess means along opposite portions of Said sleeve, said 
body recess means at each end of said sleeve being ex 
posed when said sleeve is moved toward the other end 
thereof, said assembly comprising: mandrel means; radi 
ally expandable and contractable sleeve engaging key 
means supported by said mandrel means; key operator 
means supported by said mandrel means adapted to coact 
with said key means for locking said key means at an 
inward position and for releasing said key for radial ex 
pansion; radially expandable and contractable monitor 
means adapted to be expanded into one of said body re 
cesses at one end of said sleeve for detecting the position 
of said sleeve; longitudinally movable coupling means 
operably interconnecting said monitor means and said 
operator means for holding said operator means at one 
position allowing said key means to be biased radially 
outwardly and allowing said monitor means to be biased 
radially outwardly at one position of said monitor means 
and for moving said operator means to another position 
for retracting and locking said key means at a radially 
inward position and for retracting said monitor means 
responsive to another position of said monitor means. 

12. Apparatus in accordance with claim 11 for moving 
a sliding sleeve from a first to a second position. 

13. Apparatus in accordance with claim 11 for mov 
ing a sliding sleeve from a second back to a first position. 

4. Apparatus in accordance with claim 11 wherein 
said coupling means between said key operator means and 
said monitor means is actuated to releases said key means 
and for movement to a locked position responsive to at 
least one force applied to said apparatus toward mandrel. 

15. Apparatus as defined in claim 11 wherein said cou 
piing means between said key operator means and said 
monitor means is actuated to a releasably locked position 
to free said key means for expansion responsive to at lease 
one force applied to said apparatus in a direction away 
from said mandrel. 

ió. Apparatus as defined in claim 11 wherein said coll 
pling means operably interconnecting said key operator 
means and said monitor means comprises a slider spring 
biased toward said key operator means. 

17. Apparatus as defined in claim 6 including trigger 
means operably interconnected with said monitor means 
and adapted to interlock with said slider whereby said 
trigger releasably holds said slider at a position compress 
ing a spring biasing said slider toward said key operator 
means when said operator means is positioned to release 
said key means. 

18. Apparatus in accordance with claim 17 including 
pulling means held by shearable means against movement 
relative to said mandrel means and adapted responsive to 
severance of said shearable means to actuate said operator 
means independently of said slider. 

19. A sleeve shifting assembly for shifting a sliding 
sleeve of a sliding sleeve valve between first and second 
positions, said sliding sleeve having at least one internal 
recess to receive sleeve engaging and shifting keys and 
being movable within a body having an internal recess 
along each end portion of said sleeve, said sleeve covering 
one of said body recesses at one end position of said sleeve 
and covering the other of said body recesses at another 
end position of said sleeve, said assembly comprising: a 
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sleeve shifting unit portion and a monitor unit portion, 
said sleeve shifting unit portion and said monitor unit por 
tion having mandreis pivotally interconnected; radialiy 
expandable and retractable keys movably supported in 
said sleeve shifting unit mandrel and receivable in said 
recess of said sliding sleeve for engaging and moving said 
sliding sleeve between positions; key operator members 
supported in said sleeve shifting unit mandrel for move 
ment relative to said keys for releasing said keys for out 
ward expansion and for retracting said keys; a longitudi 
nally movable slider Supported in said mandrels for move 
ment toward and away from said key operator members 
for controlling the positions of said members relative to 
said keys; a monitor feeler pivotally Supported in said 
mandrel on said monitor unit portion adapted for radial 
expansion and contraction, said feeler being receivable in 
one of said recesses within said sliding sleeve valve body 
at opposite ends of said sliding sleeve when exposed by 
said sliding sleeve; a trigger pivotally supported at one 
end in said monitor unit mandrel and operably connected 
at the other end with said feeler, said trigger being releas 
ably engageable with said slider for releasably locking said 
slider at a position at which said key operator members 
are moved to a key releasing position, said trigger being 
disengageable from said slider responsive to radial expan 
sion of said feeler into either of said recesses at opposite 
ends of said sliding sleeve for releasing said slider for 
retracting said keys for releasing said keys from said 
sliding sleeve responsive to movement of said sleeve from 
said first to said second positions; spring means biasing 
said slider and said key operator members in one direction 
for retracting said keys from said sliding sleeve recess; 
and slidable means for moving said slip operator members 
and said slider in an opposite direction responsive to a 
force applied to at least one end of said assembly. 

20. A sleeve shifting assembly as defined in claim 9 
wherein said means for moving said slider and key retrac 
tors responsive to a force applied to said assembly is 
adapted to be operative responsive to a force directed to 
Ward said assembly. 

21. A sleeve shifting assembly as defined in claim 9 
wherein said means for moving said key operator mem 
bers and Said slider responsive to a force applied to said 
assembly is operative responsive to a force directed away 
from said assembly. 

22. A sliding sleeve valve operating assembly for mov 
ing a sliding sleeve between opposite end positions within 
a body, said sliding sleeve having internal annular recess 
means adapted to receive shifting keys of said assembly 
for moving Said sleeve between said positions, said body 
having internal annular recesses a long opposite end por 
tions of said sliding sleeve, each of said recesses being ex 
posed when said sliding sleeve is moved in a direction 
away from said recess, said assembly comprising: a shift 
ing unit mandrel; a monitor unit mandrel; a universal cou 
pling interconnecting said mandreis; a longitudinaliy mov 
able sider in Said monitor unit mandrel, one end of Said 
sider extending toward the free end of said mandrel; an 
end connector secured on an end portion of Said slider 
external of the free end of said monitor unit mandrel 
for connecting said monitor unit with an operating tool; 
a radially expandable and retractable monitor unit feeler 
adapted to be expanded into one of said recesses at op 
posite ends of Said sliding sleeve; spring means connected 
between said feeler and said monitor unit mandrel for 
biasing said feeler radially outwardly; a trigger pivotaly 
Supported in Said monitor unit mandrel and operably 
connected with said feeler, said trigger being releasably 
engageable with said slider for holding said slider at one 
end position, said trigger and said feeler coacting whereby 
pivotal movement in one direction of said trigger retracts 
Said feeler radially inwardly and pivotal action of said 
feeler expanding said feeler revolves Said trigger in an op 
posite direction for disengaging said trigger from said 
slider; radially expandable and retractable sleeve shifting 

5 

2 5 

40 

5 5 

60 

72 
keys supported by said shifting unit mandrel, said keys 
being receivable in said recess of said sliding sleeve for 
engaging and moving said sleeve between said positions, 
longitudinally movable key retractor means operably con 
nected with each of said keys within said shifting unit 
mandrel movable between a first position releasing said 
keys for radial expansion and a second position for lock 
ing said keys inwardly against radial expansion; a push 
rod slidably positioned within said mandrels between said 
key retractors and said slider for transimiiting forces be 
tween said Sider and one end of Said retractors; a spring 
biased push rod supported within said shifting unit man 
drel engaged with the other ends of said key retractors; 
and meais for coniecting a tool to the other end of Said 
assembly. 

25. A sleeve valve operating assembly as defined in 
cairn 22 including a pulling member connecting said 
no.iior unit mandrel with said shifting unit mandrel, 

said pulling member being coupled by shearable means 
with said shifting unit mandrel and operably intercon 
neced with said key retractor means for moving said re 
tractor means in a direction to retract said keys independ 
erty of Said spring biased push rod. 

24. A sliding sleeve valve operating assembly as de 
fined in claim 22 wherein said sleeve shifting unit includes 
a pair of oppositely positioned radially expandable and 
refractable sleeve engaging shifting keys biased apart radi 
aily outwardly by spring means supported between said 
keys. 

25. A sliding sleeve valve operating assembly as de 
fined in ciain 24 wherein said slider is provided with a 
longitudinally extending slot opening laterally through 
Said slider and said trigger has a locking arm portion re 
ceived through Said sider slot and engageable by a sur 
face of said slider defining one end of said slider slot for 
holding Said trigger against rotation at one position of said 
slider and for rotating said trigger to retract said monitor 
unit fee'er radially inwardly and locking said feeler at an 
inward position. 

26. A sliding sleeve valve operating assembly for mov 
ing a sliding sleeve from a first to a second position, said 
sleeve having internal annular recess means for receiving 
Sleeve shifting keys of said assembly and said sleeve being 
Siidable in a body mandrel having internal annular recess 
means around opposite end portions of said sleeve, said 
body recess means at either end portion of said sleeve 
being uncovered when said sleeve is moved relative to 
Said body mandrei toward the other end portion of said 
sleeve, said assembly comprising: a sleeve shifting unit 
nhandrei; a monitor unit mandrei; a connecting member 
pivotally Secured along one end portion thereof with one 
end of Said shifting unit mandrel and along the other end 
portion thereof by shearable means with an end portion 
of Said nonitor unit mandre for providing an articulated 
connection between Said mandrels; said monitor unit man 
drel being provided with a laterally opening elongated 
Slot a sider assembly within said monitor unit mandrel 
and longitudinally slidable along a line intersecting said 
Slot in Said mandrel, said slider having a longitudinal slot 
opening laterally through a central portion thereof; said 
slider having an end portion extending through the free 
end of Said monitor unit mandrel; a top connector socket 
Secured on Said slider at the free end of said monitor unit 
mandrel; a monitor feeler pivotally secured at one end 
thereof in said slot through said monitor unit mandrel 
and adapted for radial expansion and contraction relative 
to Said mandrel for movement into and out of said re 
cesses in Said sliding sleeve valve body at opposite end 
portions of Said sleeve, Spring means supported between 
the free end of said feeler and said monitor unit mandrel 
extending through said slot in said mandrel and said slot 
in Said slider for biasing said feeler radially outwardly; 
a trigger pivotally supported within said slot in said moni 
tor unit inlandrel, said trigger having an Operating arm 
extending through said slot in said slider whereby a sur 
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face of said trigger control arm is engageable with a Sur 
face of said slider defining one end of said slot through 
said slider for limiting the pivotal movement of said trig 
ger, said trigger also having a feeler engaging arm ex 
tending at an angle to said control arm of said trigger, 
said trigger feeler arm being operatively interconnected 
with said feeler and a portion thereof being received in 
a longitudinal slot provided in said feeler; said slider and 
said trigger feeler arm having engageable surfaces for 
locking said slider against longitudinal movement at one 
position when said feeler arm of said trigger is radially 
retracted and for releasing said slider for longitudinal 
movement when said feeler arm of said trigger is radially 
expanded; said trigger being adapted to retract said feeler 
radially inwardly responsive to movement of said slider 
toward said control arm of said trigger and said feeler 
being adapted to rotate said trigger for disengaging said 
trigger from said slider when said slider is moved away 
from said control arm of said trigger; a push rod slidably 
positioned through said connecting member between said 
monitor unit mandrel and said shifting unit mandrel, the 
end of said push rod in said monitor unit mandrel being 
engageable with the adjacent free end of said slider, said 
push rod having an enlarged head portion within said 
shifting unit mandrel engageable with the end of said 
connecting member within said mandrel; said shifting unit 
mandrel having laterally opening windows communicating 
with a central bore extending therethrough; oppositely 
positioned laterally movable sleeve shifting keys supported 
in said mandrel and each adapted to be radially expanded 
and contracted through one of said lateral windows of 
said mandrel, said keys having inner cam surfaces on lug 
means formed integral therewith; longitudinally slidable 
key retractors operably connected with said shifting keys 
and movable within said central bore of said shifting unit 
mandrel, said retractors having internal cam surfaces en 
gageable with said key cam Surfaces for releasing said 
keys for radial expansion and for retracting said keys into 
said mandrel responsive to the longitudinal position of 
said key retractors relative to said keys; spring biasing 
means between said keys for biasing said keys radially 
outwardly; said connecting member between said mandrels 
having flange portions within said shifting unit mandrel 
receivable within slots in said key retractors whereby 
forces tending to pull said mandrels apart severs said 
shearable means connecting said connecting member with 
said shifting unit mandrel and said key retractors in a 
first direction relative to said keys a limited distance to 
effect radial retraction of Said keys; a push rod within 
said bore of said shifting unit mandrel engageable with 
the other ends of said key retractors for moving said key 
retractors in said first direction for retracting said keys ra 
dially inwardly; spring means engaged between said push 
rod and said shifting unit mandrel for biasing said push 
rod toward said slip retractors; and end socket connector 
means on the free end of said sleeve shifting unit mandrel. 

27. A sliding sleeve valve operating assembly for mov 
ing a sliding sleeve from a second back to a first position, 
said sliding sleeve having internal recess means for re 
ceiving sleeve shifting keys of said assembly for shifting 
said sleeve between said positions, said sliding sleeve be 
ing movable longitudinally within a body mandrel having 
internal recess means along opposite end portions of said 
sleeve, each of said body mandrel recesses being exposed 
when said sleeve is moved toward the other of said man 
drel recesses, said operating assembly comprising: a 
sleeve shifting unit mandrel; a monitor unit mandrel; a 
connector fixed along one end portion with a first end 
portion of said monitor unit mandrel and pivotally con 
nected along the other end portion with an end portion 
of said sleeve shifting unit mandrel providing a pivotal 
connection between said mandrels; Said shifting unit man 
drel having lateral oppositely positioned windows and a 
central bore communicating with said windows; a sleeve 
shifting key supported within said shifting unit mandrel 

5 

10 

5 

20 

74 
in each of said lateral windows; spring means confined 
between said keys biasing said keys radially outwardly; 
said keys having inner lug means with cam surfaces for 
moving said keys between radially outward and radially 
inward positions and for limiting said keys against out 
ward movement at said positions; said keys having ex 
ternal bosses receivable within said internal receSS means 
of said sliding sleeve for engaging and shifting said slid 
ing sleeve between positions; longitudinally movable key 
retractors positioned within said shifting unit mandrel, 
said retractors having internal cam surfaces engageable 
with said cam surfaces of said keys for moving said keys 
between said radial positions and for holding said keys 
against outward movement at said positions, said re 
tractors having upper internal recesses for receiving flange 
means on a key retractor operating member; a tubular 
sleeve slidably positioned through an upper end portion 
of said shifting unit mandrel, said sleeve being engage 
able at its lower end with the upper ends of said key 
retractors and having an external annular lower end 
flange for limiting said sleeve against upward movement 
relative to said mandrel; a top connector having a re 
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duced neck portion secured by shear means through said 
sleeve, said neck portion having a reduced lower end 
portion and a lower external annular end flange; a split 
sleeve positioned telescopically over said reduced lower 
end portion of said top connector neck portion within 
said tubular sleeve, said split sleeve having an upper in 
ternal annular end flange engageable by said end flange 
on said top connector reduced neck portion and a lower 
external annular end flange receivable in said upper end 
recesses of said key retractors, said neck portion of said 
top connector and said tubular sleeve being connected 
by said shearable means at relative positions whereby 
said lower end flange on said neck portion is spaced be 
low said internal annular end flange of said split sleeve; 
Spring means between said split sleeve and said neck por 
tion of said top connector for biasing said split sleeve 
toward said key retractors relative to said neck portion; 
a push rod slidably positioned within said central bore 
of Said shifting unit mandrel having an upper enlarged 
head portion engageable with the lower ends of said key 
retractors; said monitor unit mandrel having a lateral slot 
along a central portion thereof and a central bore ex 
tending longitudinally therethrough communicating with 
said lateral slot; a longitudinally movable slider posi 
tioned within said monitor unit mandrel having an upper 
end portion extending through said connector between 
Said mandrels and engageable at its upper end with the 
lower end of said push rod; spring means engageable with 
a lower end portion of said slider biasing said slider to 
ward said key retractors; a monitor unit feeler pivotally 
Supported near an upper end thereof within said slot of 
Said monitor unit mandrel and having a lower free end 
adapted to be radially expanded and retracted into said 
recesses at opposite ends of said sliding sleeve of said 
sliding sleeve valve for releasing said sleeve shifting as 
Sembly from a sliding sleeve, said feeler extending gen 
erally longitudinally of said mandrel and having a 
laterally extending bifurcated control arm positioned over 
said slider; longitudinally oriented spring means secured 
between the free end of said monitor feeler control arm 
and said monitor unit mandrel biasing said feeler about 
its pivotal connection with said mandrel whereby said 
free end of said feeler is biased radially outwardly; a 
longitudinally oriented trigger pivotally supported at a 
lower end within said slot of said monitor unit mandrel 
and having an upper free end adapted to move radially 
laterally relative to said mandrel and operably inter 
connected with said monitor unit feeler for coacting with 
said slider to lock said slider at a lower end position 
and release said slider for longitudinal movement respon 
sive to the position of said monitor unit feeler; and bot 
tom connector means included in said monitor unit 
mandrel. 
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28. A sliding sleeve valve operating assembly as de 
fined in claim 26 wherein said bottom connector is mova 
bly supported from said monitor unit mandrel operably 
interconnected with a lower end portion of said slider 
whereby said slider is movable away from said key re 
tractors by application of a force to said bottom con 
nector directed away from said retractors. 

29. A sliding sleeve valve operating assembly as de 
fined in claim 27 wherein said bottom connector is Sup 
ported from a lower pull rod and said pull rod is operably 
connected with a lower end portion of said slider by a 
Split sleeve telescopically engaged over said lower end 
portion of said slider and said pull rod whereby said 
slider is moved toward said pull rod responsive to a force 
applied to said slider independently of said bottom con 
nectO?. 

39. A siding sleeve valve operator assenbly for shift 
ing a sliding sleeve valve from a lower to an upper posi 
tion, said sliding sleeve having internal annular recess 
means adapted to receive sleeve shifting keys of said 
assembly for moving said sleeve between positions, said 
sliding sleeve valve including a body around said sleeve 
having internal annular recesses alorg opposite end por 
tions of said sliding sleeve, either of said recesses being 
exposed when said sliding sleeve is noved in a direction 
away from said recess, said assembly comprising: a sleeve 
shifting unit mandrel; a monitor unit mandrel; a con 
necter fixed along one end portion with a first end por 
tion of Said monitor unit mandrel and pivotally connected 
along the other end portion with an end portion of said 
sleeve shifting unit mandrel providing an articulated con 
nection between said mandrels; said shifting unit mandrel 
having lateral oppositely positioned windows and a cen 
tral bore communicating with said windows; a sleeve 
shifting key supported within said shifting unit mandrel in 
each of Said lateral windows; Spring means confined be 
tween said keys biasing said keys radially outwardly; said 
keys having inner lug means with cam surfaces for mov 
ing said keys between radial outward and inward posi 
tions and for limiting said keys against outward move 
ment at said positions; said keys having external bosses 
receivable within said internal recess means of said slid 
ing seeve for engaging and shifting said sleeve between 
positions; longitudinally movable key retractors posi 
tioned within said shifting unit mandrel, said retractors 
having internal can surfaces engageable with said cam 
surfaces of said keys for moving said keys between said 
radial positions and for holding said keys against out 
ward movement at said positions, Said retractors having 
upper internal recesses for receiving flange means on a 
pull nut; a top connector having a reduced neck portion 
secured by shearable means through an upper end portion 
of said shifting unit mandrei; a pull nut secured on a 
lower end portion of said reduced neck portion of said 
top connector, said pull nut having a lower external an 
nular end flange received within said recesses of Said key 
retractors for lifting said key retractors in a direction 
away from said keys responsive to upward movement 
of said top connector relative to said shifting unit man 
drel; a spring around said reduced neck portion of said 
top connector confined between upper ends of said key 
retractors and an internal annular flange in said shifting 
unit mandrel for biasing said retractors toward said shift 
ing keys; a push rod slidably positioned within said cen 
tral bore of said shifting unit mandrel having an upper 
head portion engageable with the lower ends of said 
key retractors; said monitor unit mandrel having a lateral 
slot along a central portion thereof and a central bore 
extending longitudinally therethrough communicating 
with said slot; a longitudinally movable slider positioned 
within said monitor unit mandrel having an upper end 
portion extending through said connector between said 
mandrels and engageable at its upper end with the lower 
end of said push rod; slider spring means engageable with 
said sider biasing said slider toward said key retractors; 
said slider having a reduced lower end portion extending 
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through the lower end of said monitor unit mandrei; a 
bottom connector secured on said lower end portion of 
said slider below said monitor unit mandrel whereby a 
force applied to said bottom connector directed away 
from said monitor unit mandrel draws said slider in a 
direction against said slider spring means compressing 
said spring means and withdrawing said slider in a di 
rection away from said push rod; a monitor unit feeler 
pivotally supported near an upper end thereof within 
said slot of said monitor unit mandrei and having a 
free end adapted to be radially expanded and retracted 
into said recesses of said sliding sleeve valve body at 
opposite ends of said sliding sleeve for releasing said 
sleeve shifting assembly from said sliding sleeve, said 
feeler extending generally longitudinally of said mandrel 
and having a laterally extending bifurcated control arm 
providing two arm portions extending on opposite sides 
of said slider; longitudinally oriented spring means 
secured between the free ends of said arm portions of 
said monitor feeler control arm and said monitor unit 
mandrel biasing said feeler about its pivotal connection 
with said mandrel whereby said free end of said feeler 
is biased radially outwardly; and a longitudinally oriented 
trigger pivotally supported at a lower end within Said 
slot of said monitor unit mandrel and having an upper 
free end adapted to move laterally relative to said man 
drel and operably interconnected with said monitor unit 
feeler for coacting with said slider to lock said slider 
at a lower end positioned to release said slider for lon 
gitudinal movement responsive to the lateral position of 
said monitor unit feeler. 

31. Shifting means for moving a sleeve member of a 
sliding sleeve valve in a flow conductor between longi 
tudinally spaced positions comprising: seal means adapted 
to displace said shifting means through said flow con 
ductor responsive to fluid pressure applied across said 
seal means; shifting tool means for releasably engaging 
and moving said sleeve member; and means forming part 
of said shifting tool means engageable with said flow 
conductor for releasably holding said shifting tool means 
against movement in said flow conductor. 

32. Shifting means for moving the sleeve member of 
a sliding sleeve valve from a first to a second position 
comprising: propulsion means adapted to move said 
shifting means along a flow conductor responsive to a 
fluid pressure differential applied across said propulsion 
means; means for engaging said shifting means with said 
sleeve member, moving said sleeve member from Said 
first to said second position, and releasing said shifting 
means from said sleeve member; and means for releasa 
bly holding said shifting means against longitudinal 
movement in a flow conductor at selected locations along 
said conductor until a force exceeding a predetermined 
valve is applied to said shifting means. 

33. Shifting means for moving a sleeve member of a 
sliding sleeve valve between first and second positions 
comprising: propulsion means for displacing said shift 
ing means along a flow conductor responsive to a fluid 
pressure differential applied across said means; a sleeve 
shifting assembly having a sleeve engaging unit for re 
leasably engaging and shifting said sleeve member and 
a monitor unit for detecting movement of said sleeve 
member to said second position and releasing said sleeve 
shifting unit from said sleeve member responsive there 
to; and means for releasably holding said sleeve shifting 
means at selected positions in a flow conductor until a 
force is excess of a predetermined value is applied to said 
shifting means. 

34. Sleeve shifting means for moving a sleeve member 
of a sliding sleeve valve between first and second posi 
tions in a flow conductor comprising: means for moving 
said sleeve shifting means along a predetermined path 
directed through said sleeve member; shifting tool means 
for releasably engaging said sleeve member; and means 
forming a part of Said shifting tool means and engage 
able with said flow conductor for holding said sleeve 



3,419,075 
77 

shifting means against movement along said path at 
selected locations until a force exceeding a predetermined 
value is applied to said sleeve shifting means to release 
said holding means from holding engagement. 

35. An articulated tool train for shifting a sleeve mem 
ber of a sliding sleeve valve in a flow conductor between 
first and second positions comprising: a piston propul 
sion unit for displacing said tool train along said flow 
conductor responsive to a pressure differential applied 
across said unit; a sleeve member shifting assembly hav 
ing a shifting unit for releasably engaging said sleeve 
member and holding said member while shifting said 
member from said first to said second position and a 
monitor unit operably connected with said shifting unit 
for detecting movement of said sleeve member from 
said first to said second position and releasing said shift 
ing unit from said sleeve member responsive to said 
movement; a detent unit for releasably holding said tool 
train against movement at selected positions within said 
flow conductor until a predetermined force is applied to 
said tool train; and coupling means interconnecting said 
piston unit, sleeve member shifting assembly, and detent 
unit providing an articulated tool train. 

36. A weli installation comprising: a tubing string Sup 
ported in a well defining a central flow passage there 
through and an annular flow passage within said well 
between the side walls thereof and the outside wall sur 
face of said tubing string; at least one sliding sleeve valve 
included in said tubing string, said sleeve valve having 
lateral port means and a movable sleeve member adapted 
to be moved between open and closed positions with 
respect to said port means; and sleeve valve operating 
means adapted to be displaced through said tubing String 
in either direction by fluid pressure applied to said operat 
ing means, said operating means including means for pro 
pelling said operating means responsive to a fluid pressure 
differential applied thereacross, sleeve valve shifting 
means for engaging and shifting said sleeve member from 
one position to another position, and means engageable 
with said tubing string for releasably holding said operat 
ing means against movement in said tubing String at each 
said sleeve valve disposed at one or more selected posi 
tions along said string. 

37. A well installation as defined in claim 36 includ 
ing means for pumping fluid into said tubing string at 
the surface end thereof for effecting a fluid flow pattern 
into said well through said tubing string and out of said 
well through said annular space and means for pumping 
fluid into said annular space for effecting a reverse fluid 
flow pattern with fluid flowing into said well through said 
annular space and returning from said well through said 
tubing string. 

38. A well installation as defined in claim 37 includ 
ing packer means around said tubing string within said 
well below the lowermost sliding sleeve valve in said tub 
ing string defining a lower end of said annular space and 
perforation means in said tubing string between said low 
ermost sliding sleeve valve and said packer means to 
permit fluid communication between said central flow 
passage through said tubing string and said annular space 
below said lowermost sliding sleeve valve. 

39. A well installation as defined in claim 38 includ 
ing a tubing nipple section providing an internal annular 
recess in said tubing string between said perforation means 
and said lowermost sliding sleeve valve for deactivating a 
tension actuated sleeve valve operating assembly. 

40. A well installation as defined in claim 36 includ 
ing a lubricator at the surface end of said well communi 
cating with said tubing string for insertion and withdrawal 
of said sleeve valve operating means. 

41. A sliding sleeve valve shifting tool for moving a 
sleeve member of a sliding sleeve valve from a first open 
position to a second closed position comprising: a piston 
propulsion unit for displacing said assembly through a 
flow conductor responsive to fluid pressure differential 
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applied across said unit; a shifting assembly including a 
sleeve member shifting unit adapted to releasably engage 
a sleeve member and move said member from one posi 
tion to another position and a monitor unit pivotally con 
nected with said shifting unit having means for detecting 
the movement of said sleeve member from one position to 
another position and effecting disengagement of said shift 
ing unit from said sleeve member when said sleeve has 
been shifted to said second position, said piston propul 
Sion unit and said sleeve shifting assembly being inter 
connected by a pivotal joint; and a detent unit pivotally 
connected with said shifting assembly, said detent unit 
being adapted to releasably hold said shifting tool against 
movement within a flow conductor at selected internal 
recesses along the length of said conductor when the force 
applied by said piston unit is below a predetermined 
value. 

42. A sliding sleeve valve shifting tool as defined in 
claim 41 wherein said piston propulsion unit is adapted 
to apply a predetermined maximum force to said tool 
allowing fluid flow therethrough when a pressure dif 
ferential is applied across said unit in excess of a pre 
determined value and said detent unit is adapted to hold 
Said tool against movement in either direction at said 
Selected locations in said flow conductor when the force 
applied to said detent unit in either direction is below a 
predetermined value. 

43. A sliding sleeve valve shifting tool as defined in 
claim 42 wherein said sleeve shifting assembly is activated 
for engagement with a sleeve member responsive to a 
compressive force applied to said assembly by said piston 
unit directed toward said detent unit, 

44. A tool train adapted to be moved through a flow 
conductor to shift a sleeve member of a sliding sleeve 
Valve included in said conductor from a second closed 
position back to a first open position comprising: a first 
piston propulsion unit adapted to displace said tool train 
through said flow conductor responsive to fluid pressure 
differential applied across said piston unit; a detent unit 
pivotally connected at a first end thereof with said first 
piston unit, said detent unit being adapted to releasably 
hold said tool train against movement in said flow conduc 
tor at Selected locations along said conductor until a 
force along said conductor is applied to said detent unit 
in excess of a predetermined value; a sleeve member 
shifting assembly having a shifting unit and a monitor 
unit, said shifting unit being pivotally secured at a first end 
with a second end of said detent unit and being adapted 
to releasably engage said sleeve member for moving said 
member from said second back to said first position, said 
monitor unit being pivotally secured at a first end thereof 
With a second end of said shifting unit and being operably 
interconnected with said shifting unit whereby said monitor 
unit detects movement of said sleeve member from said 
first back to said second position and responsive thereto 
effects release of said shifting unit from said sliding 
sleeve; and a second piston unit pivotally secured to the 
Second end of Said monitor unit and adapted to apply a 
force to Said tool train along said flow conductor respon 
sive to a fluid pressure differential applied across said 
piston unit. 

45. A tool train as defined in claim 44 wherein said 
sleeve shifting assembly is adapted to be activated for 
engaging a sleeve member by a compressive force applied 
to said assembly by said second piston unit toward said 
detent unit. 

46. A tool train as defined in claim 45 wherein said 
first piston unit is adapted to apply a greater thrust to 
said tool train than said second piston unit and said 
Second piston unit is adapted to apply a greater thrust 
to said tool train than the force against which said detent 
unit is adapted to hold. 

47. A tool train for displacement through a flow 
conductor including sliding sleeve valve means having 
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position and a second closed position, said tool train 
being adapted to move said sleeve member from said first 
open to said second closed position during movement in 
one direction through said flow conductor and to move 
said sleeve member back from said second closed to said 
first open position during movement of said train through 
said flow conductor in an opposite direction, said tool 
train comprising: a first piston unit adapted to apply 
a thrust to said tool train responsive to a fluid pressure 
differential applied across said piston unit; a first sleeve 
member shifting assembly for releasably engaging a 
sleeve member and shifting said member from said first 
to said second position, said shifting assembly having a 
monitor unit and a shifting unit, said monitor unit being 
pivotally connected at a first end with said first piston 
unit and being adapted to detect movement of a sleeve 
member from a first to a second position and release 
said shifting unit from said sleeve member responsive 
thereto, said shifting unit being pivotally connected at a 
first end with a second end of said monitor unit and 
being adapted to releasably engage a sleeve member for 
moving said sleeve member between said first and said 
second position, said shifting unit being operably inter 
connected with said monitor unit; a detent unit pivotally 
connected at a first end with a second end of said shift 
ing unit, said detent unit being adapted to releasably 
hold said tool train against movement along said flow 
conductor at selected locations along said conductor; a 
second sleeve member shifting assembly having a sleeve 
shifting unit and a monitor unit, said shifting unit being 
pivotally connected at a first end thereof with a second 
end of said detent unit and being adapted to releasably 
engage a sleeve member for moving said sleeve member 
from said second back to said first position, said monitor 
unit being pivotally connected at a first end with a second 
end of said shifting unit and operably interconnected with 
said shifting unit whereby said monitor unit detects move 
ment of a sleeve member from a second back to a first 
position and responsive thereto actuates said shifting 
unit to release said unit from said sleeve member; and 
a second piston unit pivotally connected with a second 
end of said monitor unit and being adapted to apply a 
thrust to said tool train along said flow conductor 
responsive to a pressure differential applied across said 
piston unit. 

48. A tool train as defined in claim 47 wherein said 
first sleeve member shifting assembly is adapted to be 
actuated to engage a sleeve member responsive to a 
compressive force applied to said assembly by said first 
piston unit toward said detent unit and said second sleeve 
member shifting assembly is adapted to be activated 
to engage a sleeve member responsive to a compressive 
force applied to said assembly by said second piston 
unit directed toward said detent unit. 

49. A tool train as defined in claim 48 wherein said 
first piston unit is adapted to apply a predetermined 
maximum thrust in either direction to said tool train, 
said second piston unit is adapted to apply a predeter 
mined maximum thrust in either direction to said tool 
train of a value less than the maximum thrust applied 
to said tool train by said first piston unit, and said detent 
unit is adapted to releasably hold said tool train against 
movement in said flow conductor against a predeter 
mined maximum force of a value less than the maximum 
thrust applied by said second piston unit to said tool 
train. 

50. A tool train as defined in claim 44 wherein said 
sleeve shifting assembly is adapted to be activated by a 
tension force applied to said assembly by said second 
piston unit in a direction away from said detent unit 
while said detent unit is releasably engaged against move 
ment in said flow conductor. 

51. A tool train as defined in claim 50 wherein said 
first piston unit is adapted to apply a maximum thrust 
away from said detent unit and substantially no thrust 
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toward said detent unit and said second piston unit is 
adapted to apply a maximum thrust to said tool train 
in either direction of a value less than said maximum 
thrust applied by said first piston unit. 

52. A tool train as defined in claim 51 wherein said 
second piston unit is adapted to apply substantially no 
thrust force to said tool train toward said detent unit. 

53. A tool train for shifting the sleeve member of each 
sliding sleeve valve in a flow conductor from a first to 
a second position and subsequently shifting only select 
ed ones of said sleeve members back from said second 
positions to said first positions comprising: a first piston 
propulsion unit for displacing said tool train along said 
flow conductor responsive to a pressure differential ap 
plied across said unit; a first detent unit connected with 
said first piston unit for releasably engaging said flow con 
ductor at selected locations; a sleeve member shifting 
assembly for releasably engaging each of said sleeve 
members in moving said member from a second back 
to a first position, said shifting assembly being activated 
by a tension force applied to said assembly; a second 
piston unit adapted to apply a thrust force to said tool 
train; a sleeve member shifting assembly for releasably 
engaging each sleeve member and moving said member 
from a first to a second position, said assembly being 
activated by a compression force applied to said assem 
bly; and a second detent unit for releasably engaging 
said flow conductor at said selected locations. 

54. A tool train as defined in claim 53 wherein said 
first detent unit is operable to releasably lock in said 
flow conductor against movement in either direction and 
said second detent unit is adapted to releasably lock 
against movement toward and away from said first detent 
unit toward said second detent unit and to move with 
out releasably locking in a direction toward said first 
detent unit. 

55. A tool train for moving the sleeve member of each 
sliding sleeve valve in a flow conductor from a first open 
position to a second closed position and for moving only 
selected sleeve members from said second closed posi 
tion back to said first open position, said tool train com 
prising: a first piston propulsion unit adapted to displace 
said tool train through said flow conductor responsive to 
a fluid pressure differential applied across said unit; a 
first detent unit pivotally connected with said first piston 
unit, said detent unit being adapted to releasably hold 
said tool train against movement in said fow conductor 
at selected locations along said conductor when the thrust 
force being applied to said tool train is below a prede 
termined value; a first sleeve member shifting assembly 
having a shifting unit and a monitor unit pivotally con 
nected with said first detent unit, said shifting unit being 
adapted to releasably engage a sleeve member and move 
Said member from a second position back to a first posi 
tion, said monitor unit being pivotally secured to and 
operably interconnected with said shifting unit whereby 
said monitor unit detects movement of said sleeve mem 
ber from said second back to said first position and re 
sponsively thereto effects release of said shifting unit from 
said sleeve member; a second piston unit pivotally se 
cured with said sleeve member shifting assembly and 
adapted to apply a force to said tool train responsive 
to a fluid pressure differential applied across said unit; 
a Second sleeve member shifting assembly including a 
sleeve member shifting unit adapted to releasably en 
gage a sleeve member and move said member from a first 
position to a second position and a monitor unit piv 
otally connected with said shifting unit for detecting 
movement of said sleeve member from said first to said 
second position and responsively thereto effecting disen 
gagement of said shifting unit from said sleeve member, 
said second sleeve member shifting assembly being piv 
otally connected with said second piston unit; and a sec 
ond detent unit pivotally connected with said second 
sleeve member shifting assembly for releasably holding 
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said tool train against movement at said selected loca 
tions along said flow conductor when the thrust force 
on said tool train is below a predetermined value. 

56. A tool train as defined in claim 54 wherein: said 
first piston unit is adapted to apply a predetermined maxi 
mum thrust force to said tool train in a direction away 
from said first detent unit and a predetermined mini 
mum thrust force to said tool train in a direction toward 
said detent unit; said first detent unit is operable to re 
leasably hold said tool train against movement in said 
flow conductor in either direction along said conductor; 
said first sleeve member shifting assembly is adapted to 
be activated by a tension force applied to said assembly 
directed away from said first detent unit; said second 
piston unit is adapted to apply a predetermined maxi 
mum thrust force to said tool train in a direction away 
from said first detent unit of a value less than the maxi 
mum thrust of said first detent unit and a predetermined 
minimum thrust force to said tool train in a direction 
toward said first detent unit; said second sleeve mem 
ber shifting assembly being activatable by application of 
a compression force to Said assembly; and said second 
detent unit being adapted to releasably hold said tool 
train against movement in said flow conductor in a di 
rection away from said first detent unit toward said 
Second detent unit and to effect substantially no holding 
effect on said tool train in a direction toward said first 
detent unit from said second detent unit. 

57. A tool train for moving a sleeve member of a 
sliding sleeve valve from a first position to a second posi 
tion and Subsequently from said second position back 
to said first position comprising: holding means for re 
leasably restraining said tool train against movement in a 
flow conductor; sleeve member shifting means connected 
with said holding means for engaging a sleeve member 
and moving said member from said first to said second 
position, said shifting assembly being activated for en 
gagement of Said sleeve member by application of a thrust 
force to said shifting assembly in a direction away from 
said holding means at the end of said assembly away from 
said holding means; a first propulsion means for apply 
ing a thrust force to said tool train responsive to a pres 
sure differential applied across said propulsion means; 
sleeve member shifting means for releasably engaging a 
sleeve member and moving said member from said sec 
ond position back to said first position, said shifting assem 
bly being activated for engaging said sleeve member by 
application of a compression force to the end of said as 
Sembly away from said first propulsion means toward said 
holding means; and a second propulsion means connected 
with said last mentioned shifting assembly for applying 
a thrust force to said tool train responsive to a fluid pres 
Sure differential applied across said propulsion means. 

58. A well installation in accordance with claim 36 in 
cluding bottom stop means in said tubing string below said 
sleeve valve for limiting movement of well tool means in 
said tubing string. 

59. A method of moving a sliding sleeve in a flow con 
ductor from a first position to a second position com 
prising introducing into said flow conductor at a first end 
thereof a tool train including a piston propulsion unit, a 
sleeve shifting assembly, and holding means for releasably 
holding said tool train against movement in said flow con 
ductor at said sliding sleeve; displacing said tool train 
through said flow conductor by fluid pressure to said slid 
ing sleeve until said holding means is engaged with said 
sliding sleeve; increasing the fluid pressure displacing said 
tool train activating said sleeve shifting assembly and re 
leasing said holding means; displacing said tool train 
through said sleeve until said sleeve shifting assembly 
engages said sleeve; further displacing said tool train 
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through said flow conductor until said sleeve shifting as 
sembly has shifted said sliding sleeve and released said 
tool train from said sleeve; reversing the direction of fluid 
flow in said flow conductor; and displacing said tool train 
along said flow conductor through said sliding sleeve to 
said first end of said conductor. 

60. A method of moving a sliding sleeve in a flow con 
ductor between positions comprising: introducing into 
Said flow conductor a tool train including pressure respon 
Sive propulsion means, sleeve engaging and shifting 
means, and holding means for releasably engaging said 
tool train with said sliding sleeve; displacing said tool 
train through said flow conductor to said sliding sleeve by 
fluid pressure; engaging said sliding sleeve with said hold 
ing means while activating said sleeve shifting assembly; 
displacing said tool train through said sliding sleeve until 
said shifting means engages said sliding sleeve; and further 
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displacing said tool train through said flow conductor for 
shifting said sliding sleeve between positions and releas 
ing said sleeve shifting assembly from said sleeve. 

61. The method of claim 60 wherein said sliding sleeve 
is moved as said tool train is displaced through said flow 
conductor in a first direction from the end of said con 
ductor into which said train is introduced and said tool 
train is returned through said flow conductor and said 
sliding sleeve without affecting the moved position of said 
sleeve. 

62. The method of claim 60 wherein said tool train is 
displaced through said flow conductor and said sliding 
sleeve in a first direction from the end of said conductor 
into which said train is introduced without affecting the 
position of said sliding sleeve and said train is then re 
turned through said flow conductor while shifting said 
sleeve from a second back to a first position. 

63. The method of claim 60 wherein said tool train 
is displaced through said flow conductor in a first direc 
tion for moving said sliding sleeve from a first to a sec 
ond position and displaced back through said flow con 
ductor in a second direction for returning said sliding 
sleeve from said second position back to said first posi 
tion. 

64. The method of claim 60 applied in a flow con 
ductor having a plurality of sliding sleeves wherein said 
tool train is displaced through all of said sliding sleeves in 
one direction without affecting the position of said sleeves 
and displaced back through said flow conductor and slid 
ing sleeves in a second direction moving selected ones of 
Said sliding sleeves from one position to another posi 
tion. 

65. The method of claim 60 wherein said tool train 
is displaced through a plurality of sliding sleeves in a 
flow conductor moving each of said sliding sleeves from 
a first to a second position and said train is returned back 
through said flow conductor moving only selected ones of 
Said sliding sleeves from said second position back to first 
position. 
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