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SINGLE DUCT, HYDROPNEUMATIC, WELL-
TOOL ACTUATOR

"Jesse E. Hall, Long Beach, Calif., assignor, by di-
rect and mesne assignments, to Pacific Pump
Works, Huntington Park, Calif., a corporation

of California

Application November 28, 1938, Serial No. 242,750
(CL 255—4)

3 Claims.

This invention is a jar; and has for an ebject
to actuate a jar by alternately exerting and re=
lieving fluid pressure in a well string in which
the jar is incorporated.

It is a further object of the invention to control
alternate exertion and relief of fluid pressure by
means actuated responsive to relief and exertion
respectively of said fluid pressure, thereby adapt-
ing the jar for automatic operation.

It is a still further object of the invention to
position the controlling means at the earth’s sur-
face, with the jar at any desired level in the
well string, so that the jar may be actuated by
alternately exerting and relieving fluid pressure
via a column of fluid in the well string between
the jar and the surface control.

It is a still further object of the invention to
actuate the jar by an operating connection which
is adapted to yield when the hammer of the jar
strikes the anvil, thereby cushioning the actu-
ating means against the shock of the jarring
action.

It is a still further object of the invention to
actuate the jar by an actuator of the type de-
scribed and claimed in my copending application
Ser. No, 335,291, filed May 15, 1940.

Turther objects of the invention will be readily
understood from the following description of the
accompaunying drawing, in which:

Fig. 1 is a vertical section through control
mechanism for the jar.

Fig. 2 is a vertical section through that portion
of the well string in which the actuator for the
jar is mounted.

- Fig. 3 is a vertical section through that portion
of the well string in which the jar is incorpo-
rated.

The jar is incorporated in a well string at any
desired level, with an actuator mounted in the
well string above the jar and operatively con-
nected thereto, and with means preferably pro-
vided at the earth’s surface for alternately ex-
erting and relieving fluid pressure in the well
string for operating the actuator. The actuator
is preferably of the type described and claimed
in my aforementioned copending application.

As an instance, a well string T extends from
the earth’s surface into a well bore, and an actu-
ator is mounted in the well string, preferably
immediately above the jar which it is to operate.
The actuator is moved in one direction by pres-
sure in the well string above the actuator, and
this movement of the actuator stores energy
which upon relief of pressure in the well string

stored energy is preferably pressure of an elastic
fluid which is compressed by movement of the
actuator in the first mentioned direction.

In the illustrated embodiment the upper por-

. tion of the actuator is adapted for sealed sliding

" fit in a liner 20 which is fixed in the bore of
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moves the actuator in the opposite direction. The 535

the well string, and the lower portion of the
actuator is of appreciably smaller diameter and
is adapted for sealed sliding fit in a liner I1.
The liner 11 is preferably suspended from a bar-
rel 49 which is mounted in the bore of the well
string bhelow the liner 206, with the lower end
cf the liner 11 anchored in the well string, e. g.
as shown at 9. . .

The upper portion -of the actuater is a sleeve
pisten, closed at its upper end and having a con-
centric tube -of appreciably smaller diameter -de-
pending from its open lower end. The upper
end of this tube opens laterally through the
peripheral wall of the sleeve piston above that
portion which fits snhugly in the liner 20.

As -an instance, the piston may comprise a
sleeve 22a, closed at “its- upper end and having
a depending nipple 22 from which a sleeve 24 is
suspended. 'The sleeve 24 is adapted for sealed
sliding fit in the liner 20, and the nipple 22
and the sleeve 22a¢ are adapted for reciprocation
in the bore of the well string above this-liner.
An annular space 33 (in the bore of the well
string) surrounds the nipple 22 and the sleeve 22¢
above the liner 20, and communicates with that
portion of the bore of the well string which ex-
tends to the earth’s surface. 'The tube which
depends concentrically from the sleeve piston is
shown at (1, suspended from the nipple 22 and
opening laterally therethrough as shown at 1706.
A collar 26 at the lower end of -the sleeve 24
defines -an annular passageway 25 which sur-
rounds the depending tube {7 and forms the open
lower -end of the sleeve piston.

‘The lower portion of the actuator cemprises
a tube 12 suspended from the tube 11 by a
coupling which forms a shoulder 12a. The hore

of the tube 12 .communicates with the bore of

the tube 11, and the tube 12 is adapted for sealed
sliding fit in the liner Il and projects-down-
wardly therebeyond. A coupling, shown as a
threaded -connecticn 150a, is provided at the
lower end of the tube 12 for detachably sus-
pending -the hammer of the jar which is to be

operated by the actuator.

With the tube 12 disconnected from the ham-
mer -of the jar, the barrel 10 and its liner ii
may be lowered into and withdrawn from the
well string along with the actuator. For this




£

2

purpose, the bore 18 of the barrel radially clears
the tube {71 and has an annular shoulder 15 adja-
cent its upper end and surrounding the tube 17;
and the shoulder 12¢ is adapted for engagement
by the shoulder 15 for suspending the barrel 10
and the liner fi from the tube (7 while the
actuator is heing lowered into and withdrawn
from the well strihg.

With a substantially non-compressible fluid in
the well string, e. g. a liquid washing medium
such as usually employed for circulation while
drilling a well, the actuator and the barrel 10
and liner {1 are lowered into the well string.
The liquid washing medium rises in an annular
space (4 in the bore of the well string and sur-
rounding the barrel 10 and liner (f. This an-
nular space communicates at its upper end with
the bore 18 of the barrel 10, and the liquid wash-
ing medium thus enters and fills this bore which
is sealed at its lower end by the tube 12 sliding
snugly in the line (I. The liquid washing me-
dium also enters the bore of the sleeve 24 via the
passageway 25, and rises thence via the bore of
the nipple 22 into the lower end of the bore of
the sleeve 22a.

Consequently, when the liner Il seats at the
anchoring means 5, with the sleeve 24 adapted
for reciprocation in the liner 20, the liquid wash-
ing medium is trapped in the space 14 and in
the bore I8 and in the lower end of the bore of
the sleeve piston 24—22—22q¢. Downward move-
ment of the actuator will thus longitudinally con-
tract the compression chamber which is defined
by the annular space {4 and the bore of the sleeve
piston, whereby the trapped liquid in this com-
pression chamber will compress an elastic fluid
in the upper portion of the bore of the sleeve
22a.

This elastic fluid is preferably precharged.
For this purpose a partition 32 in the bore of the
sleeve 22¢ forms a precharge chamber above the
partition. A valve 30 controls communication be-
tween this precharge chamber and the main por-
tion of the bore of the sleeve 22a, and a spring

31 tends to open this valve but is adapted to yield 4

so that the valve may close against escape of
pressure from the precharge chamber.

Prior to mounting the sleeve 22a on the nipple
22, access is had to the stem of the valve 30
via the open lower end of the sleeve 22a, for
manually closing the valve against the tension
of its spring and until elastic fluid under pres-
sure has been supplied to the precharge cham-
ber so as to provide any desired precharge pres-
sure. 'This precharge pressure then maintains
the valve closed against the tension of its spring
so that the manual engagement of the valve stem
may be released and the sleeve 22¢ may be
mounted on the nipple 22,

The elastic fluid under pressure may be sup-
plied via a duct 27 in the closed upper end of the
sleeve 22a and thence via a check valve 29 to the
precharge chamber. The desired precharge
pressure having been provided, the duct 27 may
be closed by an element 28 which preferably pro-
vides a detachable connection whereby the ac-
tuator may be engaged by a tool string for lower-
ing it into and withdrawing it from the well
string.

As the actuator and the barrel 10 and llner
11 are lowered through the liquid washing me-
dium in the well string, air is trapped in the bore
of the sleeve 22a, between the partition 32 and
the liquid washing medium which rises in the
bore of the sleeve piston 24—22—22¢q; and this
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air is compressed by the hydrostatic head of the
column of liquid in the well string. The pre-
charge pressure above the partition 82 is such
that by the time the actuator reaches its opera-
tive position the pressure of the compressed air
below the partition 32, plus tension of the spring
31, opens the valve 30 so that precharge pressure
is equalized above and below the partition 32,
with the spring 31 then retaining the valve in
open position throughout the cycle of operation
and irrespective of surge of pressure past the open
valve. The precharge chamber above the par-
tition 32 thus forms a continuation of the com-
pression chamber which is defined by the annular
space 14 and the bore of the sleeve piston, for
uniform precharge pressure throughout this en-
tire compression chamber.

This precharge pressure is preferably such that
when the liner fl has seated at its anchoring
means 5, and the tube i2 of the actuator has
been connected to the hammer of the jar which
it is to operate, the actuator and the jar are
approximately balanced between the hydrostatic
head of the column of liquid in the well string
and the precharge pressure in the compression
chamber of the actuator.

Means are preferably provided for compensat-
ing for leakage from the compression chamber
of the actuator, and this means may also be em-
ployed for maintaining predetermined precharge
pressure in the compression chamber, in lieu of
precharging via the duct 27 as previously de-
scribed. As an instance, a conduit 34 may open
at one end through the peripheral wall of the
nipple 22, with the opposite end of the conduit
opening into the bore of the sleeve 22q via a check
valve 35, which closes against escape of pressure

"from the bore of this sleeve.

By exerting pressure (as hereafter described)
upon the column of liquid in the well string, lig-
uid may thus be forced via the conduit 34 into
the compression chamber of the actuator for
compensating for leakage and for compressing
to any desired precharge pressure the air which
has been trapped in the upper portion of the com-
pression chamber. When pressure on the col-
umn of liquid in the well string is subsequently
relieved (as hereafter described), the valve 35
closes against escape of this precharge pressure.

The actuator being in operative position in a
well string with its tube (2 connected to the
hammer of a jar, it is reciprocated for operating
the jar by alternately exerting and relieving pres-
sure vig a column of liqguid washing medium in
the bore of the well string; and this alternate
exertion and relief of pressure is preferably con-
trolled at the earth’s surface where the washing
medium is supplied to the well string.

The washing medium which is supplied to the
well string enters the port 110 and flows thence
via the bores of the tubes 17T—I2 for circulation
via, the suspended jar. When pressure is exerted:
upon this column of liquid washing medium, it
is transmitted and exerted against the effective
area of the actuator for downwardly moving the
same so as to downwardly shift the hammer of
the jar. This effective area of the actuator is
the difference between the cross-sectional area
of the upper portion of the actuator which has
sealed sliding fit in the liner 20, and the appre-
ciably smaller cross-sectional area of the tube
12 which has sealed sliding fit in the liner i1,
with the bore of said tube opening through the

actuator. - Downward movement of the actuator

responsive to pressure which is thus exerted at
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its effective area, longitudinally contracts the
compression chamber of the actuator, thereby
compressing the elastic fluid trapped in the upper
portion of the compression chamber.

Upon subsequent relief of the pressure which
has been exerted via the column of liguid wash-
ing medium in the well string, the compressed
elastic fiuid in the compression chamber of the
actuator exerts pressure against the effective area
of the actuator, i. e. against that area which
is the difference between the cross-sectional areas
of the bores of the liners 20—I I, thereby elevat-
ing the actuator for upwardly shifting the ham-
mer of the suspended jar. Elevation of the ac-
tuator expands its compression chamber, so that
the parts are again in the position first described,
ready for repeating the cycle of operation by
again exerting pressure via the column of liquid
washing medium in the well string.

Terminal reciprocation of the actuator, beyond
that which will cause the hammer of the jar
to strike its cooperating anvil, is preferably cush-
ioned.

For thus cushioning terminal upstroke of the
actuator an enlargement iTa on the tube 17 is
adapted for reciprocation in the bore I8 of the
parrel 10. This enlargement is clear of the shoul-
der 15 except at terminal upstroke of the actua-
tor, at which time the enlargement, which is a
tapering enlargement, enters the bore 18 of the
shoulder. Displacement of liquid via the bore
16 and responsive to movement of the shoulder
[2¢ in the bore {8 is thus restricted, thereby
cushioning terminal upstroke of the actuator.

TFor cushioning terminal downstroke of the ac-
tuator the collar 26 is clear of the upper end
of the barrel 10 except at terminal downstroke
of the actuator, at which time the collar tele-
scopes in the upper end of the bore 18. Dis-
placement of liquid via the passageway 25 and
responsive to longitudinal contraction of the com-
pression chamber of the actuator is thus restrict-
ed, thereby cushioning terminal downstrcke of
the actuator.

The control at the earth’s surface for alter-
nately exerting and relieving pressure is pref-
erably automatically operated so as to inaugurate
exertion of pressure responsive to predetermined
relief of pressure upon the column of liquid
washing medium in the well string, and then
ingugurate relief of pressure responsive to pre-
determined exertion of pressure upon the column
of liquid washing medium.

As an instance, a valve 2081 when shifted in
one direction by a spring 202 supplies lquid
washing' medium under pressure from a source
of supply 41 and thence via conduit 280 and the
valve 201, to the well string T via conduit 204;
and when shifted against the tension of its spring
by pressure in a conduit 206 the valve shuts off
the liquid supply via the conduit 200 and relieves
pressure in the well string via the conduit 204
and the valve 201, and thence via a discharge
conduit 208.

The valve 20{ ig controlled by means which
operates responsive to alternate exertion and re-
lief of pressure in the well string. As an in-
stance, a cylinder 5f has a piston 58, one face
of which has a pilot valve 83 of appreciably
smaller area than the piston; and the pilot valve
controls a conduit 205 which leads from the well
string T. A spring 61 tends to shift the piston
so that its pilot valve closes the conduit 205,
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conduit 206, which leads from the cylinder 51
to the valve 281 and which is provided with a
needle-valve controlled discharge line 209.

The cylinder 51 is preferably provided with
discharge lines 58 and 59. The line 58 bleeds
that end of the cylinder 51 which is remote frem
the .conduits 205—206. The line 59 is closed by
the piston 54 while the pilot valve 53 closes the
conduit 205, but bleeds that end of the cylinder
which is proximate the conduits 205—206, when
the piston 54 has been shifted so as to open
the pilot wvalve 53. The discharge lines
58-.59—209 may be connected to the discharge
conduit 208.

The springs 61—202 are adjusted so that with
the pilot valve 53 closing the conduit 285 and
pressure in the conduit 206 relieved via the line
209, the valve 201 is shifted by ifs spring 202
for supplying liguid washing medium to the bore
of the well string T. 'The liquid washing medium
circulates via the bores of the tubes 1T—I12 and
thence via the hammer -of the suspended jar,
and transmits pressure for downwardly moving
the actuator so as to downwardly shift the ham-
mer of the jar as previously described. When
the actuator has completed its downstroke, for
desired compression of the elastic fluid in its
compression chamber, pressure of the column of
liquid in the well string, exerted via the conduit
205, opens the valve 53 against the tension of
its spring 61. The pressure in the conduit 205
is then exerted against the larger area of the
piston 54. for maintaining the piston in elevated
position so that the valve 53 remains open. Pres-
sure from conduit 205 is thus exerted via the
conduit 266 for shifting the valve 281 against
the tension of its spring 202 so as to close the
conduit 298 and open-the discharge conduit 208.

The pressure transmitted via the column
of liquid in the well string is thus relieved. Re-
sponsive to predetermined relief of pressure the
actuator is moved upwardly by expansion of the
compressed elastic fluid in the compression
chamber of the actuator, thereby upwardly shift-
ing the hammer of the jar as previously de-
seribed, and the spring 61 shifts the piston 54
so as to close the valve 83, whereupon relief of
pressure in the conduit 206, via its discharge line
209, permits the spring 202 to shift the
valve 201 to position opening the conduit 2060
and closing the conduit 298, for repeating the
cycle -of operation.

The jar which is operated by the actuator for
jarring action just prior to terminal stroke of the
actuator, is preferably adapted for jarring action
at both upstroke and downstroke.

As an instance, an anvil 163 is fixed in the
well string T below the actuator and above a de-
pending portion of the well string from which a
fishing tool (not shown) may be suspended. The
hammer of the jar comprises a mandrel 159
which is adapted for reciprocation through the
anvil, and hammer elements [161—I162 on the
mandrel are adapted to respectively strike the
anvil at terminal downward and upward move-
ment of the mandrel. The mandrel is suspended
from the tube {2 of the actuator by a connection
hereafter described, and has a bore 169 communi-
cating with the bore of the tube {2 so that the
liquid washing medium in the bore of this tube
flows thence via the bore of the mandrel and the
depending portion of the well string for usual
circulation,

Cushioning means are preferably provided be-
tween the mandrel 159 and the tube 12, to pre-
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vent the jarring blow being transmitted to the
actuator and to permit the actuator continuing
its movement o terminal stroke after one or
the other of the hammers have struck the anvil.

As an instance, a socket 150 is suspended from
the tube 12 by the detachable coupling 150a, and
a socket 157 projects upwardly from the man-
drel 159. The upper end of a tube 153 is adapted
for telescopic play in the socket 150, with tele-
scopic expansion limited by a collar 152 at the
upper end of the tube engaging a bushing (51
at the lower end of the socket; and the lower end
of the tube 153 is adapted for telescopic play in
the socket 157, with telescopic contraction and
expansion respectively limited by collars 154—167
on the tube engaging a bushing 156 at the upper
end of the socket. A spring 155 surrounds the
tube 153 between the bushing {51 and the collar
154, and a spring 168 surrounds the tube {53
between the bushing 156 and the collar 167,

During downsftroke of the actuator the springs
155—168 expand the telescopic connection at the
socket 150 and contract the telescopic connection
at the socket 157, with the collar 154 abufting
the bushing 156 so that the mandrel 159 is moved
downwardly for striking the hammer 16! against
the upper face of the anvil {63. When this
jarring blow is struck, the spring 155 yields for
telescopic contraction of the upper end of the
tube 153 in the socket 150, thereby cushioning
the actuator against the jarring blow.

During upstroke of the actuator the spring 155
reexpands the telescopic connection at the socket
150 and the spring 168 maintains telescopic con-
traction at the socket 157, thereby elevating the
mandrel 159 for striking the hammer 162 against
the lower face of the anvil 163. When this
jarring blow is struck, the spring 168 yields for
telescopic expansion of the lower end of the tube
153 relative to the socket 157, thereby cushioning
the actuator against the jarring blow.

‘What is claimed is:

1. In a jar, a well string, a control communi-
cating with the well string for alternately inau-
gurating supply of pressure fluid to and relief
of pressure in the well string responsive to respec-
tive relief and exertion of pressure in the well
string, an anvil fixed in the well string remote
from the control, a hammer adapted for recipro-
cation through the anvil for striking the anvil at
respective terminal shifting of the hammer in
opposite directions, the hammer having a bore
communicating at its respective ends with the

10

15

20

25

30

35

40

45

2,207,956

well string, an actuator adapted for reciproca-
tion in the well string, an operating connection
for shifting the hammer by and in the same di-
rection as the reciprocating actuator, the op-
erating connection including spring tensional
lost-motion means adapted for respective cush-
ioning yielding when the hammer strikes the an-
vil at respective terminal shifting of the anvil
in opposite directions, the actuator being adapted
for shifting in one direction in the well string re-
sponsive to pressure in the well string, said shift-
ing of the actuator being in direction away from
the control, and means associated with the actu-
ator for compressing an elastic fluid and storing
energy responsive to said shifting of the actu-
ator, the actuator being adapted for shifting in
the opposite direction upon relief of pressure in
the well string and responsive to said stored en-
ergy.

2. In a jar, a well string, means for alternately
exerting and relieving pressure in the well string,
an anvil fixed in the well string, a hammer
adapted for reciprocation in the well string for
striking the anvil, an actuator adapted for re-
ciprocation in the well string by alternately ex-
erting and relieving pressure in the well string,
and an operating connection for shifting the
hammer by the reciprocating actuator, the op-
erating connection including means adapted for
cushioning yielding when the hammer strikes the
anvil, :

3. In a jar, a well string, means for alternate-
ly exerting and relieving pressure in the well
string, an anvil fixeq in the well string, a ham-
mer adapted for reciprocaticn in the well string
for striking the anvil, an actuator adapted for
reciprocation in the well string, means for shift-
ing the actuator in one direction responsive to
pressure in the well string, means associated with
the actudator for storing energy responsive to said
shifting of the actuator, the actuator being
adapted for shifting in the opposite direction
upon relief of pressure in the well string and re-
sponsive to said stored energy, and an operating
connection for shifting the hammer by the re-
ciprocating actuator so that the hammer strikes
the anvil when the actuator is shifted in said
opposite direction, the operating connection in-
cluding means adapted for cushioning yielding
when the hammer strikes the anvil.

JESSE E. HALL.




