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Application Gceteber 15, 1951, Serial No. 251,324
4 Claims. (Cl. 166—235)

This invention relates to perforated liners or screens
for oil wells and more particularly to an articulated
liner which is sufficiently flexible to be wused in wells
which have been drilled so as to deviate from the per-
pendicular.

A method has been developed for successfully drilling
wells arcuately away from the main vertical bore so as
to complete the wells horizontally in the .oil-producing
formation. Several such lateral bores or ‘“drain holes”
may be drilled from a single vertical main bore hole.
The lateral bores or “drain holes” leave the main ver-
tical bore in an arc having a relatively long radius and
gradually assume an approximately horizontal direction.
The advantage gained by the drilling of such horizontal
drain holes is an increased rate of production owing to
the greater lineal length of the producing section of
the oil sand.

In many oil fields it is necessary to provide some means
for preventing the slough of the oil sands which -would
otherwise plug up the pump or the bore hole. In the
case of vertically drilled wells this has been accom-
plished by placing a perforated liner or ‘well screen
throughout the thickness of the oil-producing zone.
Sometimes these liners or screens are packed externally
with gravel to further retard the entrance -of .sand .into
the well bore. In the case of horizontally drilled -wells
it has been the practice to fill the lateral drain holes
with tamped gravel, since it is jmpossible to run.a con-
ventional rigid liner through the arcuate section of the
bore hole. The practice of tamping gravel ‘into the lat-
eral drain holes is not as satisfactory as the use of con-
ventional perforated liners or well screens.

It is the purpose of the present invention to provide
an articulated liner or well screen which can be run
through the arcuate section of the well bore to the end
of .a horizontal drain hole.

Another object is to provide an articulated liner or
well screen with flexible means for guiding it from the
vertical portion of the well bore into the-arcuate section
of the well bore.

Another object is to provide a simple, strong and in-
expensive flexible joint for such liners or well screens.

Figure 1 illustrates a vertical bore hole having a
lateral drain hole with an articulated, flexible liner im
place.

Figure 2 illustrates one form of the articulated liner
showing the method of forming the flexible joint.

Figure 3 illustrates an alternative form of flexible joint
of the bell and spigot type.

Figure 4 shows a side elevation, partly in cross sec-
tion, of an articulated liner with a pre-set curvature to
enable the liner to enter a lateral drain hole.

Figure 5 is a cross-section taken on line 5—5 of the
liner shown in Figure 4. )

Figure 6 is cross-section taken on line 6—6 of Figure 2
showing a form of locking means for preventing relative
rotation of the adjacent sections of the articulated liner.

Figure 7 illustrates a modification of the flexible joint
shown in Figure 2.

Figures 8 and 9 illustrate another modification of the
flexible joint.

Figures 10 to 14 illustrate still another modification
of the invention.

In the drawings, a vertical well bore is indicated at 1
extending downwardly from the surface of the earth 2 and
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2
provided with the usual well casing 3 cemented in place
as indicated at 4. The casing shoe is -indicated at 5.

A lateral drain hole 6 extends from the ‘vertical bore
1 in an arcuate curve 7 ending in a horizonfal exten-
sion 8.

A conventional liner hanger 9 positioned in the well
casing 3 above the casing shoe 5 serves as a support
for an articulated, flexible liner or well screen 10. The
lower section of the liner 16 is closed by a bull plug 11,

The sections of ‘the liner 10..are flexibly connected
together, as by the arrangement illustrated in Figure 2.
The lower end of a section of liner is indicated at 12.
The outside diameter of the liner is progressively re-
duced as indicated at 13 and 14 to form .an elongated
ball race 14 terminating in a shoulder 15.

The male end section of reduced diameter is received
within the upper or female end .of the .adjoining liner
section 16. The inner face of the female section 16
is counter-bored to provide a loose fit between the male
and female members as indicated by the gap 17. A ball
race 18 is formed in the inner face of the female sec-
tion 16 near the upper end thercof. Balls 19 fill the
space between the ball races 14 and 18. The balls are
inserted through an opening which is closed by a plug 29.

The elongated ball race 14 together with the clearance

.gap 17 permits adjacent sections of the liner 2i, 22, 23

to have a limited .pivotal movement which gives flex-
ibility to the whole liner assembly 190.

When the flexible liner is being run into the well
bore it is essential that some means be provided to

insure that bull plug 11 on the lower end of the liner

be guided into the entrance 7 .to the lateral drain hole
8. For this purpose there is provided the arrangement
shown in Figures 4 and 5. A stiff leaf spring 24 is
pre-formed into an arc sufficient to force the bull plug
11 beyond the wall of the well casing 3. The upper
end of the spring 24 is secured to the inner face of one
of the lower sections 21 of the {iner, as by the bolts 25 and
26. The lowermost liner section 23 is provided with a
bracket 27 having an upwardly facing pocket 28 which
loosely receives the lower end of ‘the spring 24. It is
not necessary to provide the intermediate liner sections
22 with any fastening means for the spring 24. The
uppermost section 12 of -the liner is provided with means,
such as the threads 31, for attachment to a liner hanger
9 (Figure 1).

The liner 10, attached to ‘the liner hanger 9, is low-
ered into the bore hole 1 on a string of tubing and
may be oriented by well known means so 4s to bring
the bull plug 11 opposite ‘the entrance ‘7 to ‘the drain
hole 8. The spring 24 is preformed in an arc such that
the ‘height of ‘the segment of the circle represented by
the arc is great enough so that when the bull plug 11
comes opposite the entrance 7 to the drain ‘hole 8 it
will enter same and guide the liner into position.

The intermediate sections 21 and 22 of the liner 10
may be held against relative rotation by means other than
the spring 24 and the brackets 27. For example, as
shown in Figure 6, the inner ball race 14 and the outer
ball race 18 are each provided with a pair of spaced lugs
32 and 33, respectively, adapted to straddle one of the
balls 19, thereby preventing relative rotation of the mem-
bers 12 and 14.

Figure 3 illustrates a modification of the flexible joint
shown in Figure 2 wherein a bell and spigot joint is used
in order to retain a full hole inside diameter without
reducing the wall thickness of the mating members. The
bell is indicated at 34 and the spigot at 35." The method
of flexibly joining the members 34 and 35 is the same
as that described in Figure 2.

Figure 7 illustrates another modification of the joint
shown in Figure 2. In Figure 2 the elongated ball race
14 is formed in the male extension on the member 12.
In Figure 7 the elongated ball race 36 is formed in the
female member 21a and the other ball race 37 is formed
in the male extension on the member 124,

Figures 8 and 9 illustrate another modification of the
flexible joint in which the anti-rotation lock includes a
series of grooves 29 formed in the outer surface of the
male extension on the liner section. The grooves 29 are
elongated axially of the liner section and are disposed
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around thé male extension to receive locking balls 19a.
The latter may be confined in a ball race 18a formed
in the inner face of the female end of the adjoining liner
section, as shown in Figure 8, or they may be inserted
in individual holes 39 formed in the female member as
shown in Figure 9. The holes 39 may be tapped to
receive threaded plugs 40 to retain the balls 19a in posi-
tion.

With the construction shown in Figures 8 and 9 the
joint between adjacent liner sections can flex but the
sections can not rotate with respect to each other.

The liner sections 12, 21, 22, and 23 may be per-
forated with round holes or slots and may be wire wrapped
if desired. Also, the liner sections can be prepacked on
the outside with gravel or other filtering material, in
the conventional manner.

Inasmuch as when the liner is in operative position
in the lateral drain hole, it will lie in an approximately
horizontal position, it may be preferred to perforate
only the sides and bottom of the liner, leaving the upper
surface blank, as shown in Figures 4 and 5. The per-
forations are indicated at 38.

Figures 10 to 14 illustrate still another modification
of the invention wherein adjacent liner sections are cou-
pled together, flexibly, by a short coupling sleeve.

Figure 10 is a fragmentary elevation of a coupling
sleeve.

Figure 11 is a cross section taken on lines 11—11 of
Figure 10.

Figure 12 is a vertical cross section of the device shown
in Figures 10 and 11 taken on lines 12—12 of Figure 11.

Figure 13 is an elevation of the coupling sleeve.

Figure 14 is a vertical cross section similar to Figure
12 but showing the liner sections in a flexed position.

In the coupling arrangement illustrated in Figures 10
to 14, the upper liner sections are indicated at 42 and
the lower sections at 43. A short coupling sleeve 44
of slightly smaller outside diameter than the inside di-
ameter of the liner sections 42 and 43 connects the ad-
jacent -ends of the liner sections. Each end of the cou-
pling sleeve is loosely attached to the corresponding end
of the liner sections, as by the pin and slot arrangement
shown in Figures 10 to 13, or by balls, as shown in the
preceding figures. The pin and slot arrangement is sim-
ple and sturdy and does not permit relative rotation
of adjacent liner sections. In this construction, a series
of slots 45 are formed near each end of each coupling
sleeve. The adjacent end of each liner section 42, 43
is provided with a series of threaded holes 46 adapted
to receive the threaded plugs 47. The plugs 47 are
preferably formed with smooth pin extensions 48 on
their inner ends, adapted to engage the slots 45.

When the liner sections and coupling sleeves are as-

sembled, they can flex as shown in Figure 14 but the 5

liner sections can not rotate with respect to each other.
If desired, balls can be substituted for the pins 48,
as illustrated in Figure 9 or 6.
Other modifications of the invention are possible, with-
in the scope of the following claims.
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We claim:

1. A perforated well liner comprising a series of
articulated liner sections, coupling sieeves loosely mount-
ed within adjacent ends of the liner sections, perfora-
tions in said coupling sleeve adjacent each end of same,
and pin means adjacent the ends of said liner sections
adapted to engage the perforations in said coupling sieeves
to secure the sleeves in said liner sections and to preven:
relative rotation of same.

2. A perforated well liner comprising a series of
articulated liner sections, coupling steeves mounted with-
in adjacent ends of the liner sections, longitudinally ex-
wnding recesses adjacent at least one end of said coupling
sleeves and pins in said liner sections near the ends thereof
and extending radially inwardly to engage in the recesses
in said liner sections whereby the liner sections are flex-
ibly but relatively non-rotatably connected together.

3. A perforated well liner comprising a series of
articulated sections provided with male and female mat-
ing members, circumferentially spaced recesses formed
in the outer surface of said male members, and pins, in
said female members extending radially inwardly and
engaging said recesses, the outside diameter of said male
members being slightly less than the inside diameter of said
female members whereby the joint between the mating
liner sections can flex.

4. In a perforated well liner, tubular liner sections
of like diameter, and means for coupling adjacent ends
of the sections together to permit limited relative angular
movement therebetween, the transmitting of turning
movement from one to the other and the transmitting
of longitudinal movement from one to the other by
a direct abutting engagement between the coupling ends,
said coupling means comprising a sleeve member mount-
ed within the adjacent end and connected thereto, at least
one of the ends of the sleeve member being loose in the
end of the tubular member in which it is received, and
the connection therewith comprising radially extending
pins carried by the end of one member and openings in
the end of the other member receiving the pins, said
openings being larger than the pins at least in their
longitudinal direction and the pins and openings being
so positioned with respect to the connected ends of the
tubular members that said ends can be moved into abut-
ting relation.
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