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[57] ABSTRACT

A non-rotating drill string is formed from a plurality of
independent, cylindrical sections pivotally connected
together by a latch mechanism. The adjacent ends are
partially beveled such that the sections can bend in a
single direction. Means are disclosed for varying the
effect of the beveled surfaces, thus controlling the angle
of bend for a given one of the sections. A downhole
mud motor (PDM) drives the drill bit through the use of
a flexible drive shaft running through the center of a
metal-lined, neoprene drilling fluid hose which runs
through the interior of the independent cylindrical sec-
tions. The total curvature of the borehole drilled by the
system equals the sum of the angles of bend between the
individual sections.

17 Claims, 7 Drawing Sheets
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APPARATUS FOR DRILLING A CURVED
BOREHOLE

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, generally, to a method
and apparatus for drilling a curved borehole and, specif-
ically, to a method and apparatus for drilling a curved

borehole while presetting the amount of angle building .

in the curvature of such borehole.

2. Description of the Background

The prior art has typically involved the rotation of
the drill string and used, for example, bent subs to con-
trol the curvature of the borehole. Other prior art meth-
ods and apparatus have involved attempts to control the
curvature through the controlled angling of the drill bit
and/or the controlled angling or bending of the down-
hole mud motor used to rotate the drill bit.

SUMMARY OF THE INVENTION

The invention comprises a new and improved
method and apparatus which utilizes a plurality of inde-
pendent sections in a drill string to drill a curved bore-
hole, wherein each of said sections has an ability to bend
in only one direction. The sections are pivotally con-
nected together.

As an additional feature of the invention, the angle
through which an individual section can bend is adjust-
able. .

As yet another feature, the drill string is formed with
a plurality of such sections, with the total of the individ-
ual angles between sections being equal to the total
degree of curvature of the drilled borehole.

As still another feature of the invention, a downhole
mud motor drives a drill bit through the use of a flexible
drive shaft running through a flexible drilling fluid hose
passing through the interior of the independent sections.

As yet another advantage of the invention, the drill
string made up of the individual sections is caused to be
deflected by a diverter shoe in the well bore having the
same angle and direction of curvature as that of the
desired angle of curved borehole.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view, in cross section, of a
cased earth borehole in which a deflection shoe has
been used in conjunction with a casing window mill bit
to cut a window in the casing in proximity to a targeted
production zone;

FIG. 2 is an elevational view of a drill string in accor-
dance with the present invention, shown traversing a
cased earth borehole prior to encountering the deflec-
tion shoe in FIG. 1;

FIG. 3 is a schematic view of the drill string illus-
trated in FIG. 2, shown continuing to drill the targeted
production zone after having contacted the deflection
shoe illustrated in FIG. 1;

FIG. 4 is an elevated view, partially in cross section,
of the hang-off sub portion of the drill string illustrated
in FI1G. 2, illustrating a portion of the high pressure mud
hose the flexible drive shaft;
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FIG. § is a cross-sectional view taken along the sec-
tion lines 5—5 of FIG. 2,

FIG. 6 is a schematic view, partially in cross section,
of the lower end of the drill string illustrated in FIG. 2,
illustrating the bearing sub into which the drill bit box is
rotatably mounted.

FIG. 7 is a top plan view of the connection junction
between the dyill bit box and the flexible drive shaft;

FIG. 8 is a schematic view of one embodiment of the
apparatus used to vary the preset angle of the drill
string;

FIG. 9 is a schematic view of an alternative embodi-
ment of the apparatus used to vary the preset angle of
the drill string; and

FIG. 10 is a schematic view of portions of two sec-
tions of the drill string according to the present inven-
tion, showing in greater detail the strap and boxes used
to hold the sections together.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 of the drawings, an each
borehole 10 having a steel casing 12 therein traverses
the earth formations 14. Although not illustrated, the
borehole 10 extends to the earth’s surface. Based upon
an evaluation of these earth formations 14 through the
use of conventional seismic prospecting methods, taken
in conjunction with well logging data, the zone 16 has
been targeted for lateral drilling. Through the use of
lateral drilling, a horizontal well can be drilled through
the producing zone 16, allowing the formation to be
drained into a horizontal well bore that extends into the
reservoir at a depth, where a maximum output can be
achieved over a specific length of time in order to ob-
tain either a quick return on investment, or extend or
increase the producing life of a reservoir.

Although not illustrated in FIG. 1, once the depth of
the targeted production zone 16 has been fully identi-
fied, a conventiona! deflection shoe 18 is run into the
earth borehole 10 on a tubing string 20 which can be
anchored to the casing 12 through means of a conven-
tional anchor or an inflatable packer 22. The setting of
the deflection shoe 18 is well known in the art, for
example, as shown in U.S. Pat. No. 4,266,621 which is
incorporated herein by reference. The well casing win-
dow mill bit which is shown in that same patent can be
run into the well on a conventional drill string to mill
out the window 24 in the casing 12 in proximity to the
targeted formation 16. As illustrated in FIG. 1, once the
window has been cut through the casing, the conven-
tional drill string and casing window mill bit are re-
moved from the borehole 10.

Referring now to FIG. 2, there is illustrated a drill
string in accordance with the present invention which is
run into the earth borehole 10 of FIG. 1 subsequent to
the removal of the drill string bearing the casing win-
dow mill bit. The drill string 30 is made up of a plurality
of drill string sections 32, 34 and 36. In putting together
an actual drill string, the present invention contemplates
the use of as many of these sections as is required to
build up the desired angle. For example, if the angle
between two sections is 3°, and a 90° total angle is de-
sired, there will be thirty-one of these sections. The
sections are held together through pairs of latches, for
example, two latches, such as the latch 38 which holds
together the sections 32 and 34. Latch 38 is shown in
greater detail in FIG. 10 and includes a metal strap 40
pivotally connected to the pins 42 and 44 with pin 42
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being an integral part of the section 32 and pin 44 being
an integral part of section 34. The strap 40 can pivot
within the U-shaped sections 46 and 48 which are sized
slightly larger than the width of the strap 40. If desired,
the straps 40 can be U-shaped in cross section for addi-
tional strength.

Referring again to FIG. 2, it should be appreciated
that the latches 38 are preferably arranged in pairs.
Thus, there would be another identical latch on the
opposite side of the drill string from the latch 38 as
illustrated. ‘

Within the interior of the sections 32, 34 and 36 and
also within the hang-off sub 50 runs a continuous, steel-
lined, neoprene high pressure hose 52 which transports
the drilling mud. The hose 52 is latched on its top end to
the hang-off sub 50 with its bottom end latched to the
bearing sub 54. A conventional drill bit 56 is threaded
into a bit box 58 which is rotatably mounted within the
bearing sub 54. A conventional small kick stabilizer 60 is
mounted on the side of the bearing sub 54 opposite the
direction in which the drill string will ultimately be
drilling.

Referring now to FIG. 3, there is illustrated schemat-
ically the drill string illustrated in FIG. 2 having en-
countered the diverter shoe 1B, passing through the
window 24 in the casing 12 and continuing to drill into
the targeted zone 16. It should be appreciated that the
sections 32, 34 and 36 can only pivot in the direction as
illustrated. The deflection shoe 18 preferably has an
angle of deflection equivalent to the angle capability of
the drill string in accordance with the present invention.
Drilling off from the face is achieved by rotating the bit
56 through the use of a conventional positive displace-
ment mud motor (FDM) 51 in the drill string which is
arranged through the hang-off sub 50 to drive the drill
bit 56 through a flexible drive shaft. As the drill bit 56
passes through the window 24 and commences drilling,
the drill string assembly will fold into the desired bend
and will drill off the deflection face. The starting angle,
through the small kick stabilizer 60 on the low side of
the bearing sub 54 will increase as more weight is
added, due to the formation interference that will now
act as a deflection wedge itself. The drilling will con-
tinue until the total desired angle is obtained. At specific
intervals as desired, the assembly will be withdrawn,
the hole surveyed and re-entered until a conventional
type of flexible rotary drilling string is reinserted to
continue the horizontal path, if desired.

Referring now to FIG. 4, there is illustrated in cross
section the hang-off sub 50. The PDM downhole motor
51 (not illustrated in FIG. 4) threads into the upper
portion of the hang-off sub 50 and will have a drive
shaft which mates with the shaft box 70. The transfer
axle 72 is mounted on top of the articulated, flexible
drive shaft 74. The downward weight is carried
through a ball bearing system 76 and 78 carried by the
hang-off ring 80. Again it should be appreciated that the
PDM motor 51 to be used with the hang-off sub 50 is
conventional and will have a standard pin and box con-
nection for mating with the box connection at the top
end of the hang-off sub 50. The continuous, steel-lined,
neoprene, high pressure hose 52 is also connected to the
ring 80. The axial flow velocity of the drilling mud
through the hose 52 can be controlled, if desired, by
controlling the openings (not illustrated) in the transfer
axle 72. It should be appreciated that the lower end of
the hang-off sub 50 can either be threadedly engaged
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with the top section 32 or can be held onto section 32
through the use of a strap 38 if desired.

FIG. § illustrates a cross-sectional view taken along
the section lines 5—S5 of FIG. 2. It should be appreci-
ated that the outer shell of the cylindrical section 34
surrounds the high pressure hose 52 which in turn sur-
rounds the flexible drive shaft 74. On opposite sides of
the shell of the section 34 there are located the U-
shaped boxes 48 and 48’ for holding the latch 40 (not
illustrated in this figure). *

Referring now to FIG. 6 there is illustrated in greater
detail the bearing sub 54. Bearing sub 54 is latched to
the section 36 by a latch member similar to latch 38. A
hose connector 80 connects the bottom end of the hose
52 to the body of the bearing sub 54. The drill bit box 82
into which the drill bit 56 is threadedly connected is
[retained in} rotatably mounted relative to the fixed
body 84 by radial bearings 86 and three rows of retainer
thrust bearings 88, 90 and 92. These bearings are lubri-
cated through mud flow that is allowed to flow through
the flow restrictor 94. The drive shaft 74 is inserted into
the grooved connections 96 (see FIG. 7) of the drive
shaft retaining ring 98 shown in FIGS. 6 and 7.

In the operation of the embodiment shown in FIGS.
4 and 6, it should be appreciated that as the PDM motor
(not illustrated in these figures) causes the transverse
axle 72 to rotate the flexible drive shaft 74, which in
turn is connected at its lower end through the retaining
ring 98 to the bit box 82 which causes the bit 56 to
rotate. As drilling fluid passes through the PDM and
through the transverse axle 72, it enters the high pres-
sure hose 52 and exits at the lower end of the hose
through the flow restrictor 94, through the retaining
ring 98 to the interior of the bit box 82 and hence to the
interior of the drill bit 56 for exit therefrom in the con-
ventional manner.

Referring now to FIG. 8, there is illustrated schemat-
ically a method and apparatus for varying the angle
between the sections 32 and 34. For ease of illustration,
the latch mechanism between theses two sections is not
iltustrated in FIG. 8. If it were not for the bolt 110, the
lower beveled edge 112 of section 32 would form a
given angle A with the upper beveled edge 114 of sec-
tion 34. The angle A between lines 112 and 114 is prefer-
ably maintained at 3°. By using a threaded bolt 110,
threaded into the surface 112, the surface 114 can only
rotate through the angle B which is coincident with the
head of the bolt 110. Thus, by varying the distance into
which the bolt 110 travels into surface 112, the angle
achieved will vary preferably between 0.5° and 3° Al-
ternatively, steel pegs of predetermined length can be
driven into holes in the surfaces, with a predetermined
portion of each such peg protruding from the surface.

FIG. 9 illustrates schematically an alternative em-
bodiment for changing the angle between the surfaces
112 and 114. By using a wedge-shaped member 116
attached to the upper surface 112 with a bolt 118, the
angle C can be selected to be any value between zero
(by having the wedge shape 116 also touch the surface
114), up to approximately 3°,

The preferred embodiments contemplate that both
the upper and lower surfaces of the sections be beveled
such that a V shape is formed between the adjacent
surfaces. However, it should be appreciated that both
surfaces need not be beveled. For example, as illustrated
in FIG. 9, the wedge-shaped section 116 could be inte-
grally formed with the section 32 and only have the
surface 114 be beveled. Conversely, the top of section
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34 could be flat, i.e., not beveled, and only have the
surface 112 be beveled. Moreover, while the preferred
embodiment of the invention contemplates that the
angles between adjacent sections be the same through-

6
process of drilling a curved borehole, the said sec-
ond surfaces are parallel and a second angle exists
between said first surfaces. .
3. The drill string according to claim 2 including, in

out the curved section, the angles can be different, if 5 addition thereto, means to vary said first angle.

desired. For example, the angle between sections 32 and
34 might be set at 3°, and the angle between sections 34
and 36 could be set at 2°, etc.

Thus, it should be appreciated that there has been
described and disclosed herein a drill string system
which allows a vertical well bore to be re-entered while
being lowered vertically, and with a controlled flexibil-
ity to drill a curve up to 90° and even further. The
system is designed such that no rotation is required to
the main body of the string. Other variations of the
preferred embodiments will become apparent to those
skilled in the art from a reading of the foregoing de-
scription. For example, although the preferred embodi-
ment contemplates the use of a diverter shoe to cause
the drill string to pass out through a window in the
casing, those skilled in the art will recognize that a
similar diverter shoe can be anchored in an open hole
and thus allow the drill bit and related drill string to
drill directly into the formation from the open hole. The
system described herein allows the non-rotating drill
string to bend in only a single direction. As illustrated in
FIG. 8, the section 34 can rotate with respect to the
section 32 only in the direction which decreases the
angle A during bending, since the non-beveled surface
area 120 on the lower side of section 32 is parallel and
already touching the surface portion 122 on the upper
end of section 34. Thus, as best illustrated in FIG. 2,
when it is desired that the drill string bend to the right,
the beveled portions of the sections are maintained on
the right-hand side of the well bore. Conversely, when
it is desired that the drilll string bend to the left, the
beveled sections will be maintained on the left-hand side
of the well bore.

What is claimed is:

1. A drill string for drilling a curved borehole,
wherein said drill string has a plurality of cylindrical
sections, each of said sections having a longitudinal axis
and also having an upper end and a lower end, compris-
ing:

a first of said drill string sections having first and
second surfaces on the said lower end of said first
section; and

a second of said drill string sections having first and
second surfaces on the said upper end of said sec-
ond section, said first surfaces being parallel to
each other and perpendicular to each said longitu-
dinal axis and an angle being formed between said
second surfaces.

2. A drill string for drilling a curved borehole,
wherein said drill string has a plurality of cylindrical
sections, each of said sections having a longitudinal axis
and also having an upper end and a lower end, compris-
ing: .

a first of said drill string sections having first and
second surfaces on the said lower end of said first
section;

a second of said drill string sections having first and
second surfaces on the said upper end of said sec-
ond section, wherein said first surfaces are parallel
to each other and perpendicular to each said longi-
tudinal axis and a first angle exists between said
second surfaces while said drill string is being low-
ered vertically, and when said drill string is in the
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4. A drill string for drilling a curved borehole,
wherein said drill string has a plurality of cylindrical
sections, each of said sections having a longitudinal axis
and also having an upper end and a lower end, compris-
ing:

a first of said drill string sections having first and
second surfaces on the said lower end of said first
section;

a second of said drill string sections having first.and
second surfaces on the said upper end of said sec-
ond section, wherein said first surfaces are parallel
to each other and perpendicular to each said longi-
tudinal axis and a first angle exists between said
second surfaces while said drill string is being low-
ered vertically, and while said drill string is in the
process of drilling a curved borehole, the said first
angle is reduced and a second angle is formed be-
tween said first surfaces.

§. The drill string according to claim 4 including, in
addition thereto, means to vary the amount the said first
angle is reduced.

6. A drilling system for drilling a curved borehole,
comprising:

a drill string having a plurality of independent cylin-

drical sections pivotally connected together;

a PDM motor in said drill string;

a drill bit in said drill string;

a steel-lined neoprene hose for delivering drilling
fluid from said motor to said drill bit; and

a flexible drive shaft connected between said motor
and said drill bit, said independent sections having
the ability to bend only in a single direction while
said system is drilling said curved borehole.

7. The system according to claim 6 wherein said
independent sections are pivotally connected together
with pairs of latch assemblies, each of said latch assem-
blies comprising a metal strap enclosed within a latch
box having a slightly larger width than the width of said
strap, each said strap being pivotally connected to two
of said plurality of sections.

8. A drilling system for drilling a curved borehole,
comprised of a drill string having a first location and a
second location, and having independent sections there-
between, a PDM motor in the first location of said drill
string, and a drill bit in the second location of said drill
string, a flexible pressure hose interior of said indepen-
dent sections and connected between said PDM motor
and said drill bit and a flexible drive shaft interior of said
pressure hose connected between said PDM motor and
said drill bit, said independent sections having the abil-
ity to bend in only a single direction while said system
is drilling said curved borehole.

9. A drilling system for drilling a curved borehole, com-
prising:

a drill string including a plurality of tubular members
connected together and having an interior flow path
for transmitting pressurized fluid;

a fluid-driven motor having a drive shaft within the drill
string;

a drill bit at an end of the drill string;

a plurality of cylindrical sections spaced within the drill
string between the motor and the drill bit, the plurality
of cylindrical sections pivotally connected together to
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bend only in a single direction while the system is
drilling a curved borehole;

a flexible pressure hose interior of the plurality cylindri-
cal sections for delivering pressurized fluid from the
motor to the drill bit; and

a flexible shaft positioned within the pressure hose and
mechanically interconnected the drill bit to the motor
drill shaft.

10. The drilling system as defined in claim 9, wherein;

each of the plurality of cylindrical sections has a longitu-
dinal axis, an upper end, and a lower end;

a first of the cylindrical sections having its upper end
connected to the fluid driven motor and having first
and second surfaces on its lower end; and

a second of the cylindrical sections having first and
second surfaces on its upper end, wherein the first
surfaces are parallel to each other and perpendicular
to each of the longitudinal axes and a first angle exists
between the second surfaces while said drill string is
being lowered vertically, and when the system is dril-
ling the curved borehole the first angle is reduced and
a second angle is formed between the first surfaces.

11. The drilling system as defined in claim 10, further

omprising:

adjusting means to vary the reduction of the first angle.

12. A system as defined in claim 9, wherein one of said

lurality of cylindrical sections is a bearing sub, the bearing
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sub houses a plurality of bearings, and the plurality of
bearings include radial bearings and thrust bearings.

13. A drilling system as defined in claim 12, further
comprising:

a flow restrictor for diverting pressurized fluid to lubri-

cate the plurality of bearings.

14. A drilling system as defined in claim 12, further
comprising:

the bearing sub is the lowermost of the plurality of cylin-
drical sections.

15. A drilling system as defined in claim 12, wherein a
lower end of the flexible pressure hose terminates within
the bearing sub at a position axially above the plurality of
bearings.

16. A drilling system as defined in claim 9, further
comprising:

a pair of latch assemblies for pivotably connecting the
cylindrical sections together, each of the latch assem-
blies including a metal strap enclosed within a latch
box having a slightly larger width than the width of
the corresponding strap, each strap being pivotably
connected to two of the plurality of cylindrical sec-
tions.

17. A drilling system as defined in claim 9, wherein the

[fluid-driven motor is a positive displacement mud motor.
* * * * *



