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ABSTRACT: This patent discloses 2 motor for running and
retrieving a string of well tools. Valves are opened and closed
hydrautically to substantially prevent flow through the motor
while it is being run or retrieved, and to permit flow through
the motor while the well is being produced. The motor is
moved by a differential in pressure across packing between
the motor and the tubing in which it is run. The motor is com-
bined with a gas lift valve and both are landed in a single man-
drel. Landing dogs are provided for selecting one of several
mandrels in a well tubing and for landing the assembly in the
tubing.
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MOTOR FOR RUNNING AND RETRIEVING WELL
TOOLS

This invention relates to motors for pumping a plurality of
well tools into and out of a well, as is disclosed in U.S. Pat. No.
3,334,690. This motor is an improvement over the motor
shown in said patent, and may be used to pump the several dif-
ferent types of structures shown in this patent into and retrieve
them from a well. In'accordance with one aspect of this inven-
tion, the motor has associated therewith a gas-lift valve, both
of which are landed in the lowermost mandrel.

While the motor shown in U.S. Pat. No. 3,334,690 has been
successfully used, efforts have continued to improve the
motor and in particular to reduce its length or change its con-
struction such that it may be made in several parts joined
‘together by articulating joints.

In the past, motors have been landed in mandrels which are
separate from the mandrels in which other tools are landed.

By this invention a simple motor made up of several articu-
lating sections is provided. The motor is combined with one or
more gas-lift valves, all of which are serviced by a single man-
drel, thus reducing the number of mandrels necessary in the
system.

It is an object of this invention to provide a simple motor for
pumping a train of gas-lift valves into a tubing.

Another object of this invention is to provide a simple
motor for pumping a train of gas-lift valves into a tubing in
which the motor is made up of several articulating sections
which will permit the motor to negotiate a sharp bend in a
pipe.

Another object is to provide a combination motor and gas-
lift valve arranged so that a single mandrel may be used to land
the motor and provide gas for the gas-lift valve.

‘Another object is to provide a motor for pumping a train of
tools into a tubing in which valves are operated in response to
pressure conditions to prevent flow through the motor during
pumping in and out of the well, and to permit flow through the
motor while the well is being produced:

Other objects, features and advantages of this invention will
be apparent from the drawings, the specification and the
claims.

In'the drawings, wherein like numerals indicate like parts; -

FIGS. 1A and 1B are views partially in cross section and
partially in quarter section illustrating an apparatus con-
structed in accordance with this invention immediately after
being pumped into landed position in a mandrel in a well; FIG.
1B is a continuation of FIG. 1A;

FIG. 2 is a fragmentary view similar to FIG. 1A showing the
standing valve to have been rendered operative;

FIG. 3. is a view similar to FIG. 2, showing the blocking
valve to have been rendered operative to permit the apparatus
to be pumped out of the well;

FIG. 4 is a view along the line 4-4 of FIG. 2;

FIG. § is a view along the line 5-5 of FIG. 2;

'FIG. 6is a view along the line 6-6 of FIG. 1B; and,

FIG. 7 is a worm’s-eye view of the latch structure carried by
the assembly with the latch dogs shown in extended position.

'The apparatus of this invention is shown within a well which
includes the casing 10 having a tubing 11 therein. The ap-
paratus is landed in mandrel 9 which forms a continuation of
the tubing. While single string completion is illustrated, it will
be appreciated that the invention is equally useful in multiple
string completions. The apparatus may also be used in multi-
ple completions wherein one string is a service string and the
other string is the production string. In such case, instead of
flow being from the casing-tubing annulus into the tubing as
shown, it would be from the service string into the production
string, and flow through the gas-lift valves would be in the op-
posite direction to that illustrated.

Referring to the drawings, the apparatus includes a body in-
dicated generally at 12 which is preferably made up of a plu-
rality of articulating sections by providing ball joints between
sections as shown.
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At the upper end of the body a fishing-latching neck 13 is
provided. This neck is received within a cooperating groove in
the latch next thereabove during running of the:string. As the
last valve above the motor is dropped off, the latchi opesis and
releases this neck. Note the receiving groove 14 at the lower
end of FIG. 1B. An identical latch mechanism employing this
groove will be present in association with the valve next above
the motor, and the fishing neck 13 will be in this groove during
running of the tool.

The fishing neck is carried by a seal member for sealing
between the tool and the wall of the tubing so that the ap-
paratus may be pumped into and out of the well. In the illus-
trated embodiment three separate seals are used. A labyrinth-
type seal which is spaced from the tubing is shown generally at
9. This seal functions in the event of failure of the primary seal
to be discussed below. A second labyrinth-type seal indicated
generally at 15 is connected below the upper labyrinth seal
member 9 by a suitable articulating connection provided by
the ball joint indicated generally at 16. It might be noted that
throughout the length of the body articulating joints are pro-
vided by ball joints so that the entire tool may readily turn
about a very short radius bend. This is of extreme value in
offshore work where the tools may be pumped into the well
through pipe which bends at a substantial angle at the well-
head.

The main seal body 17 is connected to the lower labyrinth
seal member 15 by another articulating ball joint indicated
generally at 18. The main seal body carries a pair of substan-
tially identical seal members indicated generally at 19. Each of .
these seal members has a plurality of lips 19a which engage
the tubing as the tool is run into the well to provide a fluid seal
between the tubing and the apparatus. It will be noted that the
seals are arranged in opposite relations so that the lips of one
seal extend upwardly and the lips of the other seal extend
downwardly. Thus the two seal members act as opposing cups
and are the primary seal during pumping of the apparatus into
or out of the well. :

Attached to the body 17 by a suitable articulating joint 21 is.
the body 22 for the valve controlling flow through the ap-
paratus as it is run into the hole. This valve functions as a
standing valve during production of the well. The standing
valve body 22 is split longitudinally into multiple segments 224
at its upper end (see FIG. 4) to provide a flowway past the
standing valve member 23 when the member is unseated. To
prevent flow through the body of the tool at this point, a suita-
ble sleeve 24 surrounds the split segments 22a. The split seg-
ments 22q have inwardly facing flanges 22b to provide a spider
for limiting upward movement of the ball valve member 23.

The standing valve includes the ball 23 and its cooperating
seat 25. In order to permit reversal of the apparatus out of the
hole before it is landed in the event difficulty is experienced in
running the apparatus, means are provided which maintain
this valve in closed position during running of the valve. :

In the illustrative embodiment the seat 25 of the standing’
valve is pinned in its up position by a shear pin 26. In this posi-
tion the ball 23 is held against the cage 22b to close the stand-
ing valve. Obviously the relationship could be such that the
valve would be completely closed, or it could be substantially
closed as limited leakage past the standing valve would not be
particularly objectionable in the event it became necessary to .
pump the apparatus out of the hole. This is particularly true in
view of the fact that it is very seldom that problems will be en:
countered in running the apparatus which would require
reverse circulation to pump the apparatus out of the hole. Of
course, on going in the hole the fluid utilized to drive the ap-
paratus down in the hole would seat the ball 23 firmly on its
seat 25. B

Once the motor is run into the hole and stopped by landing
in the appropriate mandrel, the pressure of the pumped fluid
will sharply increase to'indicate to the operator that the motor
has landed. Thereupon the pressure will be increased from the
surface to cooperate with the hydrostatic head of fluid above
the standing valve to exert sufficient force on the ball 23'to |
shear pin 26. At this time the seat 25 will be driven
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downwardly by the pumped fluid to the position shown in FIG.
2. .

In order to latch the seat in down position so that fluid flow-
ing up from the formation cannot move the seat up into en-
gagement with the ball, the valve seat 25 carries an annular
snap ring 27 which moves out into the groove 28 at the junc-
tion of the standing valve body and the pumpout valve body
29 which depends therefrom. It will be noted that the snap
ring has a downwardly and inwardly inclined outer periphery
for purposes which appear hereinbelow. With the valve seat
held in down position, it will be apparent that the ball 23 and
its associate seat 25 may function as a standing valve in the
usual manner.

From the above it is apparent that the shear pin 26 acts as a
holding means which holds the standing valve in closed posi-
tion to permit the motor to be pumped in either direction and,
after the tool is landed, the holding means is rendered ineffec-
tive by differential pressure across the standing valve to permit
the valve to thereafter function as a standing valve.

Second valve means are provided to prevent flow through
the passageway 30 which extends through the body in the
direction permitted by the standing valve, that is, in an up-
wardly direction.

This pumpout valve is provided by a valve seat 31 and a
valve member 32. The valve seat 31 is slidably mounted in
body 29 and a second holding means is provided to hold the
pumpout valve in open position during pumping of the ap-
paratus into the well and during production of the well. In the
illustrated form this second holding means is provided by the
shear pin 33. It will be noted that the shear pin 33 is of larger
diameter and thus is stronger than the shear pin 26, and in the
illustrated form of the invention a greater differential of pres-
sure will be required to shear this pin.

The vailve member 32 is supported in valve carrier body
member 34. The member 34 is slotted vertically as shown, and
has a central cylinder portion 34a in which the valve member
32 is mounted. A suitable spring 35 urges the valve member
upwardly into engagement with the inturned flange 345 at the
top of the cylinder 34a. An outturned flange 32a carried on
the valve stem 32b engages the shoulder 34b and limits further
upward movement of the valve member 32. It will be noted
that in this position the valve member 32 and the valve seat 31
are spaced from each other to permit flow upwardly past the
pumpout valve. ,

When it is desired to retrieve the motor and the train of
devices which have been landed in the well therewith, the
holding means for the pumpout valve is rendered inoperative
in response to a selected differential across the apparatus. It
will be noted from FIG. 2 that the standing valve seat rests
upon the top of the pumpout valve seat, and therefore an in-
crease in pressure in the tubing above the apparatus to a
selected differential over the pressure below the apparatus will
exert a shearing force on the shear pin 33, and shear this pin to
permit the seat 31 to move downwardly under the influence of
the differential. The seat 31 is provided with a snap ring 36
which moves out and engages the downwardly facing shoulder
29a on the pumpout valve sub to lock the seat in down posi-
tion. At this time the seat engages the valve member 32 as il-
lustrated in FIG. 3, and the spring 35 is placed under compres-
sion to thus hold the valve and seat in closed position. As the
standing valve and the pumpout valve provide check valves
opening in opposite directions, flow through the passageway
30 is effectively prevented, and the apparatus may be pumped
out of the well by a differential of pressure in which the pres-
sure below the seal 19 is greater than the pressure above the
seal.

Referring to the bottom of the apparatus shown in FIG. 1B,
there is shown a latching system which may be used with this
invention. Of course, any desired means of locating the proper
mandrel and landing the apparatus in this mandrel may be uti-
lized. The mandrel 12 is provided with a pair of grooves 36 and
37 for the latching apparatus. These grooves preferably have
their shoulders which face downwardly at a substantial angle
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and at least one of the shoulders which face upwardly, such as
shoulder 374, at an angle normal to the center line of the pipe.
The latch body 38 carries a plurality of latch dogs 39 which
rotate about hinge pins 40 and are urged outwardly by springs
41. See FIG. 7 in which the dogs are shown out of the pipe and
in fully extended position under the influence of the springs.
The outer periphery of the dogs are profiled to register with
the grooves 36 and 37 in the mandrel and, as soon as the latch
mechanism moves in to register with these grooves, the dogs
move outwardly into the grooves. As the lower surfaces 39a of
the dogs extend normal to the center line of the pipe and en-
gage the shoulders 37a in the pipe, the apparatus cannot move
downwardly any further. It will be appreciated that the profile
of the several grooves in the several mandrels located up the
tubing string will differ so that proper dogs may be selected for
each device to be landed in each mandrel. These profiles are
selected such that a latching section will not land until it
reaches the mandrel having a matching profile. Thus the
system selects the proper mandrel and lands the apparatus in
this mandrel.

From the description as it has thus far proceeded it will be
apparent that the latching system could be provided directly
on the lower end of body member 34 when the motor is to be
used without other immediately associated equipment. In this
case the motor would be made up in a train of valves and
would drop these valves off one by one as it passed mandrels
and then would proceed to the lowermost mandrel and be
latched in position.

In accordance with one aspect of this invention the motor is
associated with a gas-lift valve so that when the motor is
landed a gas-lift valve is also landed which eliminates the
necessity for an additional mandrel for this gas-lift valve.

The mandrel 9 has a perforation 42 therein establishing
fluid communication between the casing annulus and the tub-
ing. The apparatus has seal means which straddle this perfora-
tion. While the seal 19 could be used as the upper packing, it is
preferred to use a separate upper packing 43 in conjunction
with a lower straddle packer 44 on opposite sides of the per-
foration. These seals 43 and 44 are designed to provide higher
pressure seals than the normal design of the packer 19, and
therefore they are preferred. In the illustrative embodiment, a
swivel joint indicated generally at 45 connects the lower end
of body member 34 to upper packer body member 46. These
two members have opposed shoulders which confine the
packer 43. Attached to the body member 46 is the gas-lift
valve carrier 47. The carrier is connected through collar 48
and ball joint 49 to a lower gas-lift carrier 50. This carrier
cooperates with the upper end of the ball joint member 51 to
confine the lower straddle packer 44. The lower ball joint 52
which includes the part 51 is connected to the latching
mechanism. .

One or more gas-lift valves may be carried in the body just
described. A passageway 53 is provided in the gas-lift body 47
to provide communication between the exterior of the ap-
paratus between the straddle packers 43 and 44 and a gas-lift
valve 54. The outlet of this gas-lift valve communicates with
the passageway below the pumpout valve so that, when it is
desired to remove the motor from the well, fluid entering
through the perforation 42 and passageway 53 may be exerted
against the pumpout valve and the packer 19 to pump the ap-
paratus from the well. It will be noted that the tubing is slightly
larger in diameter than the internal diameter of the mandrel 9,
and thus there is a differential area provided against which
pressure through the perforation 42 may be exerted to pump
the apparatus out of the hole once the pumpout valve has been
actuated.

If desired, an additional gas-lift valve 55 may be provided
with gas through the port 56. These two gas-lift valves operate
in the manner explained in my application U.S. Ser. No.
540,707, now U.S. Pat. No. 3,372,650 that is, one of the
valves is a differential valve which is loaded by a valve respon-
sive to casing pressure.
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In operation the assembly is made up in the form and
manner shown in FIGS. 1A and 1B. A chain of mandrels car-
rying gas-lift valves, as shown in my U.S. Pat. No. 3,334,690,
may be attached above the apparatus and the entire assembly
is run into the tubmg through the customary lubricator at the
wellhead. Pressure is introduced into the tubing above the
train and the train is pumped downwardly through the tubing,
landing the valves successively in the mandrels as the train
moves downwardly. The last valve-carrying mandrel is
dropped off in each of the tubing mandrels as the train moves
downwardly. When the last gas-lift valve above the apparatus
illustrated has been dropped  off, the motor proceeds
downwardly until it reaches the position shown in FIGS. 1A
and 1B, where it is landed in ‘mandrel 9, The operator senses
the landmg of the device by a sudden increase in pressure.
Pressure is permitted to build up'in the tubing to the extent
necessary to shear the holding pin 26 and permit the seat 25 to
move downwardly, as'illustrated in FIG. 2. At this time, the
train is finally positioned in the well and the well is gas-ifted in
the usual manner with the gas—llft valves 54 and 55 provrdmg
the lowermost gas-hft valves in the string.

If at any time it is desired to remove the train of gas-lift
valves or other apparatus which have been pumped into the
well with the apparatus shown, _pressure in the tubing above
the apparatus shown is increased to provrde a differential
across the standing valve which exerts a force in a downward
direction of sufficient magmtude to shear the shear pin 33. At
this time the pumpout valve becomes operative, as shown in
FIG. 5.

The pressure is removed from the tubing and apphed to the
casing. As the pumpout valve'is now closed, there is no way
for this fluid to readlly pass through the apparatus, and a pres-
sure’ will be exerted on the packing 19. As this packing is
larger in diameter than the straddle packmg 44, an upward
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force will result which will collapsé the landing dogs ‘due to the -

upwardly inclined surfaces on the upward- facmg shoulders
thereof, and the motor will move upwardly in the well. As it
moves up the well, it will pick up the devices landed
thereabove successively and convey the entire trair to the sur-
face.

From the above it will be seen that all of the objects of this
invention have been attained. The motor is very simple and
trouble-free. While shear pins of different strength have been
illustrated, it will be appreciated that by providing for indexing
of the seat 25 in response to pressure before it can exert a
downward force on'the seat 31, that these pins could of course
be of the same strength, or the pin 33 could actually be of a
lesser strength.

It will be appreciated that by providing the apparatus with a
gas-lift valve whose outlet is below the pumpout valve, that.a
single mandrel may be utilized to land the pumpout device and
the lowermost gas-lift valve, thus reducing the number of man-
drels necessary in the string. )

- It will be apparent that any desired latch means can be used
to control the two valves so long as the means is responsive to
pressure in the tubing.

The foregoing disclosure and description of the invention
are illustrative and explanatory thereof and various changes in
the size, shape and materials, as well as'in the détails of the il-
lustrated construction, may be made within the'scope of the
appended claims without departing from the spirit of the in-
vention.

Iclalm

1. Apparatus adapted to be pumped through and landed ina
tubing having at least one mandrel therein comprising:

a body having a passageway therethrough;

seal means on said body for sealing engagement with a well

tubing to permit the apparatus to be pumped downward]y
through a tubing;

first check valve means controlling flow through said

passageway,;

first holding means initially holdmg said first check valve

means closed to permit pumping said apparatus in either
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direction so that it can be reversed out of the tubing if
desired;

said first holding means rendered ineffective in response o
a selected differential across said first check valve means
to permit it to function as a standing valve after the ap-
paratus has been pumped into the hole;

second valve means for preventing flow through 'the
passageway in the drrectron permltted by sald standing
valve;

second holding means holding said second valve means in
open position to permit flow therethrough durmg produc-
tion through said tubing;and

said second holding means rendered ineffective in response
to a selected differential across said first check valve
means after said first holdmg means ‘has been rendered in-
effective to permrt pumpmg sard apparatus upwardly
through a tubing.”

2. The apparatus of claim 1 in combination with latch
means for locating a partrcular mandrel in'a tubmg and land-
ing the apparatus in said mandrel, said body being constructed
of several pieces )omed together by artrculatmg joints.

3. The apparatus of claim 1'in combination with latch
means for locatmg a partrcular mandrel in E: tubmg and land-
ingt the apparatus in said mandrel:’

~ spaced seal means on said body below said first mentioned

"“'seal means adapted to straddle a perforatlon in said man-
drel and seal between the body and mandrel

a gas-lift valve carrred by the body; 2 and

a second passageway through the body establishing commu-
nication between the exterior of the body between sald
straddle seals and sard gas—hft valve!

4. Apparatus adapted to bé pumped through and landed in 2
tubmg having at least one perforated mandrel therein com-
prising: )

a body having a passageway therethrough;

first check” valve means controllmg flow through said
passageway,

first holding means lmtlally holdmg said first check valve

" means closed to permlt pumping sard apparatus in either
direction so that 1t can be reversed out of the tubmg lf
desired;

said first holding means rendered ineffective in response to
a selected differential across said first check valve means
to permit it to function as a standmg valve after the ap-
paratus has been pumped into the hole;”

second valve means for preventlng flow through the
passageway in the drrectlon permltted by said standmg
valve;

second holding means holding said second valve means in
open position to permit flow therethrough durmg produc-
tion through said tubing;

said second holding means rendered ineffective in response

" to a selected differential across said first check valve
means after said first holdmg means has been rendered in-
effective to permit pumping said apparatus upwardly
through a tubing; ;

latch means for locating a particular mandrel in a tubmg
and landing the apparatus in said mandrel;

seal means on said body for sealing engagement with a well
tubing to permit the apparatus to be pumped downwardly
through a tubing and for straddlmg and sealing above and
below a perforation in said mandrel;

a gas-lift valve carried by the body;

the outlet of said gas-lift valve: commumcatmg with sard
flowway below said second valve means;

a second passageway through the body establishing commu-
nication between the exterior of the body between said -
straddling seal means and said gas-lift valve.

5. The apparatus of claim 4 wherein a seal means above the
perforation in said mandrel is adapted to seal with a tubmg
having a larger diameter than said mandrel.

6. Apparatus comprising:

a body having a passageway therethrough;
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seal means on said body for sealing engagement with a well
tubing;

a cooperating first valve member and first valve seat con-
trolling flow through said passageway;

means including first shear means holding said first valve
member on its seat during running of the apparatus and
releasing said first valve seat for movement to a position
freeing said first valve member for movement as a stand-
ing valve in response to a selected first differential pres-
sure across the apparatus;

a second valve member and second valve seat cooperative
therewith to provide a check valve operative in the op-
posite direction from said standing valve;

said second valve seat supporting said first valve seat upon
release by said first shear means;
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second shear means holding said second valve seat in
spaced relationship to said second valve member;
said second shear means releasing said second valve seat in
response to a second selected differential pressure across
the apparatus greater than said first differential pressure
and permitting said second valve seat to move to an
operative position where it can cooperate with said
second valve member; and
means latching said second valve seat in said operative posi-
tion.
7. The apparatus of claim 6 including means latching said
first valve seat against movement toward said first valve
member upon shearing of said first shear means.



