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Apparatus for reducing friction between rotating drill pipe and the well bore.

@ An apparatus is disclosed for reducing the friction

resisting rotation of a drill string in inclined cased or uncased

well bores that includes a tubular body 20 to allow connect-
ing into a drill string with a sleeve 30 of elastomeric material
loosely mounted on the body 20 to allow rotation of the body
20 relative to the sleeve 30 to reduced the frictional

resistance to rotation of the pipe string in an inclined well
bore. ‘
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APPARATUS FOR REDUCING FRICTION BETWEEN
ROTATING DRILL PIPE AND THE WELL BORE

This invention relates to drilling apparatus gener-
ally, and in particular to apparatus for use in drilling
well bores that are inclined from the vertical.

More and more directional wells are being drilled at
inclinations from the vertical of 30 to 40° or more.
Also, so called "drainage" wells are being planned or
considered where the well bore will extend along the plane
of the producing formation for one or two thousand feet.
To successfully drill such wells, it is necessary to be
able to drill a relatively long, substantially horizontal,
well bore. The drill pipe in inclined wells such as
these, and "inclined" is intended to include horizontal
wells, is urged toward the low side of the hole by gravity
and the tool joints of the drill pipe and sometimes even
the center portions of the drill pipe between the tool
joints rub against the wall of the well bore and any cas-

ing that has been set in the well bore as the drill string

'is rotated. This greatly increases the amount of torque

that must be placed in the drill string at the surface to
set the desired torque at the bit because of the friction
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between the drill pipe and the side of the well bore or
casing. In fact, in some very deep, highly inclined holes

only a small percentage of the torque applied at the sur-
face reaches the bit.

- Even when pipe protectors are installed on the drill
pipe to hold the tool joints of the drill pipe away from
the side of the well bore and the casing, the friction

between the pipe protectors and well bore produces the
same result.

There is not only a frictional resistance to rotation
created by this condition, but there is a frictional re-

sistance to longitudinal movement of the drill string.

This creates problems for the driller. He looks at his
weight indicator and thinks the drill string is exerting a
certain weight on the bit. A lot of it, however, is being
supported by the friction between the tool joints or pipe
protectors in engagement with the casing or well bore.

The driller knows this, but the amount of weight so sup-
ported is difficult to estimate and since the driller
dbesn't want to overload the bit, the result is the bit is
operating at something less than the proper amount of

weight. This reduces the rate of penetration and wastes
valuable time.

It is an object of this invention to provide friction
reducing apparatus for use either in a cased or uncased
well bore that will hold the drill string out of contact
with the casing or well bore while allowing the drill
string to rotate relative apparatus thereby greatly reduc-
ing the torque required to rotate the drill string.

It is a further object of this invention to provide
apparatus for reducing the friction resisting rotation of
a drill string while drilling that includes a tubular body
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or sub for connecting between sections of the drill string
that has a sleeve of elastomeric material loosely mounted

on the body to allow relative rotation between the body
and sleeve.

It.is another object of this invention to provide
apparatus for reducing the friction resisting rotation of
a drill string while drilling that includes a tubular body
for connecting into a drill string having a section of
reduced diameter and a sleeve of elastomeric material
mounted on the section of reduced diameter with the sleeve
having an outside diameter larger than the tool joint of
the pipe string to keep the tool joint from engaging the
wall of the casing or the wall of the well bore in an
uncased well bore and an inside diameter slightly larger
than that of the section of reduced diameter of the body
to allow the sleeve to remain stationary in engagement
with the wall of the well bore or casing while the pipe
string is free to rotate relative to the sleeve.

It is another object of this invention to provide
apparatus for use in drilling inclined well bores that
includes a tubular body for connecting into a drill string
having a section of reduced diameter with opposing
shoulders on each side of the section and a sleeve of
elastomeric material mounted on the section of reduced
diameter between the shoulders with the sleeve having an
outside diameter larger than the tool joint of the pipe
string to keep the tool joint from engaging the wall of
the casing or the wall of the well bore in an uncased well
bore, an inside diameter slightly larger than that of the
section of reduced diameter to allow the sleeve to remain
stationary in engagement with the wall of the well bore or
casing while the pipe string is free to rotate relative to
the sleeve, and a length substantially less than the
length of the section of reduced diameter to allow the
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driller to get a substantially accurate indication of the
weight of his drill string by raising it slightly to move
the sleeve away from the upper shoulder.

It is another object of this invention to provide
such apparatus that will hold the drill string substan~
tially in the center of an inclined well bore.

It is another object of this invention to provide
such apparatus in which the sleeve that is loosely mounted
on the body of the apparatus has an outside diameter equal
to or slightly smaller than the diameter of the well bore
to substantially center the drill string and is provided

with ldngitudinal groowves through which drilling fluid can
flow by the sleeve.

These and other objects, advantages, and features of
this invention will be apparent to those skilled in the
art from a consideration of this specification including
the attached drawings and appended claims.

In the drawings:

Figure 1 is a cross sectional view through an in-
clined uncased well bore showing a portion of a drill
string egquipped with the apparatus of this invention;

Figure'ZA and 2B are sectional views on an enlarged

scale of the apparatus of this invention in an inclined
well bore that is cased;

Figure 3 is a sectional view taken along line 3~3 of
Figure 2A;
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Figure 4 is a cross section through a horizontal well

bore in which is located a drill string equipped with an
alternate embodiment of this invention;

Figure 5 is a sectional view taken along line 5-5 of
Figure 4; and

Figure 6 is a view similar to Figure 5 of another
emboediment of this invention.

In Figure 1, the friction reducing apparatus of this
invention, indicated generally by the numbers 10 and 12
are connected into the drill pipe at preselected spaced
intervals to engage wall 14 of well bore 16 and keep tool
joints 18 of the drill pipe from rubbing against the low
side of the well bore. There may be one or several joints
of drill pipe between each friction reducing apparatus
depending upon the relative diameters of the apparatus and
the tool joints and the inclination of the well bore in
which they are to be used. Obviously, as the inclination
of the well bore increases, the amount the drill pipe will
bend toward the low side of the hole increases and the
closer the friction reducing apparatus have to be spaced
to insure that the drill pipe and the tool joints on the
drill pipe do not come into contact with the side of the
well bore, whether it be an uncased open hole as shown in

Figure 1 or a cased hole as shown in Figures 2A and 2B.

The details of construction of the friction reducing
apparatus of this invention are shown in Figures 2A and
2B. It includes tubular body 20 having central section 22
with an outside diameter smaller than the rest of the body
to provide two oppositely facing shoulders 24 and 26.
Mounted on._section 22 is sleeve 30 of elastomeric material
constructed similarly to the stretch-on type pipe protec-
tors that have been in use for some time.
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In conventional stretch-on type pipe protectors, the
sleeve remains stretched when placed on the drill pipe so
that it will grip the pipe and be held in position by
friction between the sleeve and the pipe. Here it is
desired for sleeve 30 to freely rotate relative to body
20, therefore, its inside diameter is designed to be
slightly greater than that of the outside diameter of
section 22 in its relaxed condition. It is positioned on
section 22 in the same manner that conventional pipe pro-
tectors are placed on drill pipe, that is, by stretching
them sufficiently to clear the tool joints on the end of
the pipe after which they are placed on the body of the
pipe itself but still sufficiently stretched to provide
the desired friction to hold the protectors in place. °
Here the sleeve will be stretched sufficiently to clear
upper tool joint section 32 of the body after which it is
moved onto section 22 where it is then in its relaxed

condition and is free to rotate relative to body 20.

While drilling, drilling fluid is pumped down the
drill pipe and back to the surface through annulus 34.
The upward flow of the drilling fluid will move sleeve 30
into engagement with upper shoulder 24. Also tending to
move the sleeve upwardly is the downward movement of the
drill pipe, but this will be a relatively minor influence
compared to the upward . force of the drilling fluid flowing
by the sleeve. Under certain conditions, stretch on type
protectors have been forced over tool joints and up the
string due to the force of the upwardly flowing drilling .
fluid. To prevent this from happening to sleeve 30,
shoulder 24 is inclined outwardly and downwardly about
30°, as shown in the drawing, to overlap the lower portion
of the end of sleeve 30 to provide a force component urg-
ing the end of the sleeve inwardly toward the pipe.
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Upwardly facing shoulder 26 is provided with a plur-
ality of slots 36 into which portions of the lower end of

the sleeve can be forced to hold the sleeve against rota-
tion during washover operations.

To insure that the sleeve tends to remain Stationary
while the pipe and body 20 rotate relative to the sleeve,
the elastomeric material used to form the sleeve can be
provided with hard, sharp edged particles 40, such as
sand, adjacent the outer surface of the sleeve to increase
the coefficient of friction between the sleeve and the
open hole or casing. 1In addition, to decrease the coeffi-
cient of friction between body 20 and sleeve 30, the out-
side surface of section 22 and opposing shoulders 24 and

26 are preferably plated with a hard, very smooth,
material such as chromium.

Since most drilling muds are water based and water is
an excellent lubricant for rubber, fhe drill pipe should
be able to rotate relative to the sleeve with a minimum of
friction thereby substantially reducing the torque re-
quired to be exerted in the drill string at the surface in
order to obtain the desired torque at the bit.

Preferably, sleeve 30 is substantially shorter than

.the distance between shoulders 24 and 26. This will allow

the driller to pick up his pipe string a short distance to
move shoulder 24 away from the upper end of sleeve 30 and
get a reasonably accurate indication of what his drill
string weighs. Knowing this, he can allow for the amount
of weight supported by sleeves 20 while drilling and come
closer to knowing what his weight indicator should read
with the desired weight on the bit.
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Upper tool joint section 32 and lower tool joint
section 42 are provided with a box and pin connection for
connecting body 20 into the drill string.

The worst condition for friction between the drill
string and well bore is when the well bore is substan~
tially horizontal. 1In this situation the apparatus of
this invention is modified somewhat to better insure that
the drill pipe stays out of engagement with the bottom or
low side of the well bore. 1In Figure 4, an alternate
embodiment of the friction reducing apparatus of this
invention is shown installed in drilling string 50 at
spaced intervals. The apparatus is indicated by the
numbers 52 and 54. Both of the apparatus is the same, so
only one will be described in detail. Apﬁaratus 52 in-
cludes tubular body 56 that is of substantially the same
design as tubular body 20 described above. Sleeve 58 is
mounted on reduced section 60 of the body in the same
manner as was sleeve 30 as described above. It is free to

remain stationary while thevdrill pipe rotates relative to
it.

The major structural difference is in sleeve 58,
which, in this embodiment, has an outside diameter equal
to or slightly less than that of the well bore in which it
is located. As shown in Figures 4 and 5, sleeve 58 is in
engagement with the wall of the well bore. 1In order to
allow fluid to flow by the apparatus, longitudinal grooves
62 are formed on the outer surface to allow the fluid to
flo& through the grooves as it moves toward the surface in
annulus 66. There is a slight clearance between the in-
side surface of sleeve 58 and section 60 of body 56 and
consequently sleeve 58 will not hold the drill string
exactly in the center of the hole, but very close to it.
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An alternate embodiment of the apparatus of this
invention is shown in Figure 6. This embodiment is de-
signed to accomplish the same result as the embodiment
shown in Figures 4 and 5. The difference here is that
annular grooves 70 for the drilling fluid are located on
the inside surface of sleeve 72 as opposed to the outside
surface of sleeve 58. Body 74 is of the same design as
body 56 and body 20 described above.

From the foregoing, it will be seen that this inven-
tion is one well adapted to attain all of the ends and
objects hereinabove set forth, together with other advan-
tages that are obvious and that are inherent to the ap-
paratus and structure. '

It will be understood that certain features and sub-~
combinations are of utility and may be employed without
reference to other features and subcombinations. This is

contemplated by and is within the scope of the claims.

Because many possible embodiments may be made of this
invention without departing from the scope thereof, it is
to be understood that all matter herein set forth or shown
in the accompanying drawings is to be interpreted as illu-
strative and not in a limiting sense.
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CLAIMS:

1. Apparatus for reducing the friction resisting rota-
tion of a drill string in inclined cased or uncased well
bores characterized in that the apparatus comprises a
tubular body for connecting into a pipe string, said body
having a section of reduced diameter intermediate its ends
to provide oppositely facing shoulders at each end of the
section, a sleeve of elastometric material mounted on the
section of reduced diameter, said sleeve having an outside
diameter greater than the largest diameter of the tubular
body and an inside diameter slightly greater than the |

diameter of the section of reduced diameter to allow the

~ sleeve to hold the pipe string away from the wall of the

casing or the well bore if uncased and to allow the drifl
string including the tubular body to rotate relative to

the sleeve to reduce the torque required to rotate the
drill string.

2. The apparatus of claim 1 characterized in that the
section of reduced diameter is plated with a hard metal to
reduce the coefficient of friction between the rotating
tubular body and the sleeve.

3. The apparatus of claim 1 characterized in that the

downwardly facing shoulder on the tubular body is inclined
outwardly and downwardly and the end of the sleeve facing
the shoulder is inclined at the same angle. ’

4, The apparatus of claim 1 characterized in that the
tubular body has grooves cut into its outer surface above

‘the downwardly facing shoulder that intersect the shoulder -

to provide openings through which drilling fluid flowing
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between the sleeve and the body can flow into the annulus
above the shoulder between the body and the well bore.

5. The apparatus of claim 1 characterized in that
particles of a hard, sharp edged, material are embedded in
the outer surface of the sleeve to increase the

coefficient of friction between the sleeve and the well
bore.

6. The apparatus of claim 1 characterized in that the
sleeve is substantially shorter than the distance between
the oppositely facing shoulders to allow the pipe string
to move the pipe upwardly to move the sleeve to a position
between the shoulders and get a reasonable indication of
the weight of the drill string.

7. The apparatus of claim 1 characterized in that the
outside diameter of the sleeve is about equal to the
diameter of the casing or the well bore.

8. . The apparatus of claim 7 characterized in that the
sleeve has longitudinally extending grooves on its outer
surface through which drilling fluid can flow between the
sleeve and the wall of the well bore or the casing.

9. The apparatus of claim 7 characterized in that the
sleeve has longitudinally extending grooves on its inner
surface through which drilling fluid can flow between the
sleeve and the tubular body.
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