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6 Claims.

This invention relates to new and useful im-
provements in well strajghtening devices.
1t is well known in the oll industry that in

drilling well bores to deeper depths, difficulty is

experienced in maintaining a true vertical line 5

during the drilling operation. Inclined subter-
ranean structures, as well as other causes, result
in the offsetting of the drill as it rotates and

“thus instead of producing a straight bore, said
bore curves or inclines from the vertical. When- 19

ever the bore curves or inclines from the verti-
cal, additional strain is placed on the drilling
equipment and, in many instances, twisting off
of the drill pipe occurs. Fuirther, once the bore

is curved, it is manifest that continued drilling 15

results in an increased curvature or inclination

from the vertical, which is most undesirable,
One object of this invention is to provide an

improved means for straightening a well bore

which has been. drilled at an jnclination from 20

the vertical. - :
An important object of the invention is to pro-
vide an improved device adapted to be lowered

.into & crooked or inclined well bore and which is
arranged to be operated by the ordinary drill 25

stem to drill out the formation at the point where
the bore begins its incline from the vertical,

whereby when the regular drilling is subsequently .

continued, it may follow a true vertical line

rather than the inclined path described by the 3

crooked bore. .
Another object of the invention is to provide

- an improved well bore straightening device which

is constructed in sections which are connected

to each other by pivotal joints, whereby said '

sections may hang in vertical alinement with
each other to permit ready lowering of the device
through the well bore to the desired location;

sald sections being arranged to be offset with 4,
relation to each other and being provided with- |

cutting members, whereby when offset and ro- .
tated, an enlarged chamber considerably larger
than the well bore may- be drilled out of the:

formation around said bore, sO ‘that subsequent 45

true vertical drilling may be accomplished. )

A particular object of the invention is to pro-
vide an improved well straightening device, of
the character described, wherein the sections are

connected to each other by ball and socket joints, 50

which joints include means for controlling the
direction in which the sections are deflected or
offset, whereby it is assured that the formation
immediately below the vertical portion of the
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(C1. 255—74)

straight or vertical drilling to straighten the
bore.

Another object of the invention is to provide
an improved well straightening device wherein
certain of the sections are formed with external
-elongate cutting members - and also wherein
means is provided for circulating a drilling fluid
through and around gaid device, whereby the
cuttings removed by the cutting members are
carried to the surface. :

A construction designed to carry ‘out the in-
vention will be’ hereinafter described, together
with other features of the invention.

The invention will be more readily understood
from a reading of the following specification and
by reference to the accompanying drawings, in
which an example of the invention is shown,
and wherein: -

Figure 1 is an elevation of a well straightening
device, constructed in accordance with the in-
vention, and showing the same inserted within

- the well bore,

Figure 2 is a similar view, with the sections of

. the device in a deflected or operating position,

_ Figure 3 is an enlarged view, partly in eleva-
tion and partly in section, and illustrating the .
sections, together with the connections therebe-
tween,

Figure 4 is a transverse, vertical, sectional

0 view of the lower end of the device,

Figure 5 is an enlarged view, partly in eleva-
tion and partly in section, with the sections of
the device in a deflected or operating position,

Figure 6 is a partial elevation of the connec-
tion between the cutting sections of the device,
said view being taken at a right angle to the
parts shown in Figure 3, ‘

. Figure 7 is a horizontal, cross-sectional view,
taken on theline 1—1 of Figure 3,and

Figure 8 is a horizontal, cross-sectional view,
taken on the line 8—8 of Figure 3.

In the drawings, the numeral 10 designates a
well bore which has been drilled in any desired
manner. As illustrated in Figure 1, the bore has
been drilled at an incline from the vertical,
.whereby a crooked hole has been formed. There
are -pumerous causes which produce a crooked
or inclined well bore and it is not deemed nec-
essary to enumerate said causes. However, it is
manifest that when the well bore inclines from
the vertical, an undue strain is placed on -the
drilling equipment and particularly on the drill
stem or pipe and it is, therefore, desirable that
said bore be straightened so that it will extend

bore is removed, so as to permit subsequent 55 §ubstantially'vertical from the surface of the
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ground. When a bore is started at an incline
from the vertical, continued drilling will not rem-
edy such inclination and will not bring said bore
back to the true vertical, but rather such con-
tinued drilling will only result in increasing the
incline or curvature of the hole.

In carrying out the invention, the improved
well straightening device is arranged to be at-
tached to the lower end of the usual drill stem or
pipe 11, said device being coupled to the pipe by
an ordinary coupling collar 12. The device in-
cludes a plurality of sections A, B, C and D, which
sections are connected together by means of piv-
otal connections, as will be hereinafter explained,
whereby said sections are capable of deflection
or offsetting with relation to each other.

The uppermost section A is elongate and is
cylindrical in cross-section, being provided with
an axial bore 3 which extends entirely there-
through. The extreme upper end of the bore is
enlarged and internally screw-threaded at 14,
whereby a split collar 15 may be threaded there-
into. 'The upper portion of the bore of the collar
1§ is rounded to form a socket 18, within which
a8 ball 17 is adapted to seat. The ball is formed
integral with a head (8, which is provided with
external screw threads and which is adapted to
be threaded into the coupling collar 12, whereby
the ball 17 is secured to the lower end of the drill
stem 1. Obviously, by making the collar 15 in
two sections, it is possible to engage the socket
16 around the ball 17, after which the upper end
of the section A may be threaded onto the col-
lar 15.

The connection between the ball 1T and its
socket 16 is an important feature of the invention
and is clearly shown in Figures 3 and 5. The
exterior surface of the ball 17 is provided with a
pair of curved grooves or recesses 18 and said
recesses are located diametrically opposite each
other. Each recess is arranged to receive a ra-
dially extending lug 20 which is formed on the
Inner surface of the wall of the socket 16. Each
lug 20 is preferably angular in cross-section.
Each groove has one end thereof disposed sub-
stantially in alinement with the horizontal axis
of the ball IT. One of said grooves inclines or
curves upwardly from the horizontal axis, while
the opposite groove, indicated as 19, is inclined
or curved downwardly from said horizontal axis,
With the parts in the position shown in Figure 1,
the lug 20, which is engaged in the groove 19, is
at the lower end of said groove, while the oppo-
site lug 20 is located at the upper end of its
groove 18’, )

Assuming that the section A is substantially
stationary, while the drill stem ff and ball 17
secured thereto are rotated in a clockwise di-
rection, it will be manifest that the lugs 20 will
ride in the grooves 19 and 19’. Due to the in-
clination or curvature of said grooves, a cam
action between said grooves and the lugs 20 en-
gaging therein will occur, with the result that
the lug 20 will be moved upwardly on the ball.
At the same time, the opposite Iug 20 will ride
downwardly through the groove 19’ and such
movement of the lugs will result in a tilting ac-
tion which is imparted to the socket 15 secured to
the upper end of the section A. Therefore, with
the parts in the position shown in Figure 3, a ro-
tation of the drill stem 11, while the section A
remains stationary, will result in a tilting of said
section, whereby the same is inclined or offset
from the vertical. A reverse rotation of the drill
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In an opposite directlon in their respective
groove, whereby said lugs are again alined with
the horizontal axis of the ball and the section A
Is returned to a vertical position. From the
above, it will be seen that the construction of
the ball and socket provides a means whereby a
rotation of the drill stem will result in a deflec-
tlon or inclination of the section A.

A ball 21, similar to the ball 11, is preferably
formed integral with the lower end of the section

- A and an axial port 22 extends through the ball
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and communicates with the bore 13 of the sec-
tion. The ball 21 is adapted to be mounted with-
in a socket 23 formed within a collar 24, which
collar is similar in construction to the collar (5.
The collar 24 is threaded into the upper end of
the bore 25 of the section B. This section is
constructed in substantially the same manner as
the section A, being eylindrical but having a
shorter length,

Theball 21 is connected to its socket 23 by sub-
stantially the same means as the connection be-
tween the ball 17 and its socket | 6. A pair of
diametrically opposed grooves 26 and 26’ are
formed in the outer surface of the ball 21 and
lugs 27 extend radially from the wall of the
socket 28 and are engageable within ‘the grooves.
As is clearly shown in Figure 3, the groove 26,
which is immediately below the groove (9 in the
ball 17, has one end terminating in the same
plane as the horizontal axis of the ball 21, How-
ever, instead of this groove curving upwardly on
the surface of the ball, as does the groove 19
in the ball {1, said groove curves downwardly on
the ball 2. The opposite groove 26’ of the bail
21 has one end disposed in the same plane as
the horizontal axis and this groove curves up-
wardly on the surface of the ball 2i. With the
section B alined vertically with the section A,
the lug 27 is in the upper end of the groove 26,
while the opposite lug is at the lower end of the
other groove 26’. Therefore, if a relative rota-
tion between the sections A and B occurs, the lug
in the groove 26 will ride downwardly in said
groove, while the opposite lug will ride upwardly
in the groove 26’, which results in a tilting or
deflection of the section B with relation to the
section A. The direction of such deflection will
be to the right in Figure 3, whereby the section
B will assume the position shown in Figure 5
with relation to the section A. It is pointed
out that the direction of movement of the sec-
tion B with relation to the section A is directly
opposite to the movement of the section A with -
relation to the drill stem and this is brought
about by the disposition or inclination of the
grooves 26 and 26’ on the ball 21, which inclina-
tion is directly opposite to the inclination of
the grooves 19 and 19’ in the ball i1. Thus, as-
suming the parts to be in a vertical position, as

. shown in Figure 3, a rotation of the drill stem
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stem and ball 1T will cause the lugs 20 to move 75

{1 will impart rotation to the ball 17, and as-
suming that the sections A and B are stationary
the section A will be deflected to the left in Fig-
ure 3 with relation to the drill stem. As soon
as the lugs 20 reach the ends of the grooves 19
and 19’, the rotation of the drill stem will be
imparted to the section A. Such rotation of the
section A will cause the grooves 26 and 26’ on
the ball 21 to rotate relative to the lugs 21,
whereby the section B will be deflected or tilted
with relation to the section A, as has been ex-
plained. -

The section B will be hereinafter referred
to as the upper cutting section and is provided




plurality of elongate cutting blades or

with a
These blades

members 28 on its exterlor surface.
extend | substantially - throughout the vertical
length of the section. A ball 28 is formed in-
tegral with the lower end of the section B and
is adapted to engage within the socket 30 of &
collar 31. This collar is split and is adapted to
be threaded into the upper end of the bore 32 of
the next section C of the device. The ball 18
{s provided with an axial passage 33 which com-
municates with the lower end of
the upper cutting section B.

The ball 29 is provided with a pair of radially.
which are preferably made in--

directed ribs 34,
tegral with the exterior surface of said ball
The ribs are located diametrically opposite each
other and are adapted to engage within grooves
35 which are formed in the wall of the socket

30. With this arrangement, the ball 28 cannot’

rotate with relation to its socket 30, yet may
undergo & swinging movement with relation
thereto. The swinging movement is, however,
limited to a given vertical plane. Therefore, the
section C can move in only one plane with rela-
tion to the section B. )
The section C is shorter in length than is the
section B and is formed with vertical, radially
extending cutting elements or blades 36, which
extend substantially throughout the vertical
length of the section. The lower end of the
section C is provided with a ball 37, which is
preferably made integral therewith and this ball
is formed with a vertical, axial passage 38 ‘which
communicates with the lower end of the bore 82
of the section C. The ball 31 is adapted to en-
gage within a socket 39 formed within a collar
40. The collar 40 is split so as to be readily
. engageable around the ball 31 and has its socket
39 formed with grooves 41, similar to the grooves
35 in the socket 30. The ball 31 has external
ribs 42, similar to the ribs 34 on the pall 28, and
said ribs are engageable’ within the grooves &
within the socket 39. With this arrangement,
the socket 40 may undergo & swinging or tilting
movement with relation to the ball, such move-

- ment- being limited to a single vertical plane
since rotation of the parts with relation to each
other is prevented by the ribs 42 engaging within
the grooves 41. .

The socket collar 40 is threaded into the upper
end of a nipple 43, which _nipple has its lower
end threaded into the bore of a coupiing 44, The
jower end of the coupling is, in. turn, threaded
into the upper end of the bore 45 of the lower
section D of the .device. As is clearly shown in
Figure 4, the lower section D includes an elon-
gate tubular pody or sleeve 46 which has its
lower end open. A piston 41
in the bore 45 of the sleeve 46 and this piston
is provided with suitable packing rings 48 which
engage the wall of the bore. The piston is pro-
vided with an axial bore 49 which has its lower
end enlarged and internally screw-threaded to
receive the upper end of an elongate pipe sec-
tion 50. The lower end of the pipe 50 is closed
and is formed with upwardly and outwardly in-
clined radial ports 51 which are located just
above the closed lower end.

Manifestly, the pipe ‘50 extends axially of the
sleeve 46 of the jowermost section D and, for
frictionally holding said pipe in & predetermined
position with- relation to the sleeve, 8 pair of
knurled rollers 52 (Figure 4) are provided. The
rollers are carried by arms. §3, each of which
has its upper end pivoted to & bracket 54 which

the bore 2§ of

is movable vertically
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- wedge block 88
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the pipe
the weight of

this formation, it will
_'flection of the section A will be permitted. Such

_drill stem in Figure 1,

3
is secured to the wall of the sleeve. The lower
end of each arm 53 is arranged to be engaged
block 88 which is carried by an elon-
gate screw B6. The screw is threaded through
s sultable collar 81 secured to the inner wall
of the sleeve 48 at the lower end thereof and, -
obviously, when the screw §¢ is tightened, the

arm 88 which carries the roller 52 outwardly
away from the wall of the sleeve. When this
occurs, the knurled roller 82, carried by said
arm, is forced into frictional engagement with
50 .and such frictional engagement of
with sald pipe is sufficient to sustain
the pipe and the piston carried
thereby. In this manner, said pipe and piston
may be frictionally held in any position with re-
lation to the sleeve 48. When this frictional
engagement is overcome, it will be manifest that
the sleeve msay move downwardly with relation
to the pipe 50 due to the telescoping action he-
tween these parts. i

In operation, the device is coupled to the lower
end of the drill stem {{ by means of the coupling
12 and Is lowered into the well bore 19, which
has been erroneously drilled at an incline from
the vertical. The pipe section 50 at the lower
end of the device is of a proper length and is
so adjusted with relation to the sleeve 46 of
the lowermost gection D that, when the device
is lowered into the bore, downward movement
of the device is stopped by the pipe 50 striking
the lower end of the bore so as to position the
cutting sections B and C substantially opposite
the point where the inclination of the bore com-
mences. This position of the device is shown in’
Figure 1 and due to the inclination of the bore
the sections B and C will tend to lean to the
jow side of the inclined bore.

_With the parts in this position, a rotation is
imparted to the drill stem by any suitable means
(not shown) and, as said drill pipe rotates, it
will be imparted
Due to the en-
gagement of the inclined grooves (9 and 19’
with the lugs 20 of the socket {6 at the upper
end of the section A, it will be manifest that
s rotation of the drill stem will tend to urge
the section A to ‘its tilted position. However,
since the cutting blades 28 of the upper cutting
section B are in engagement with the wall, such
tilting movement is defeated at this time. As
the drill stem continues to rotate, the cutting -
blades 28 of the section B, as well as the cut-
ting blades of the section C, will bore out the
side walls of the hole {0 and, as they cut out
be manifest that a de-

the rollers

deflection will gradually increase as the wall of
the bore is enlarged in diameter until the maxi-

V mum deflection of the uppermost section A is

accomplished. Of course, as the upper section
is being deflected to the 1eft with relation to the
the section B, due to its
ball and socket. connection, will be deflected in
an opposite direction, that is, to the right in
Figure 1 with relation to section A. At the same
time, the lower cutting section C will also tend
to be deflected or swung with relation to the
section D. It will naturally swing to the left
fn Figure 1 because it was originally inclined
that way due to the inclination of the bore hole.
As the drilling continues, the various sections will
continue to deflect because the wall of the ‘hore
is gradually increasing due to the cutting action

is moved upwardly to force the - v
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of the sections B and C. During the cutting
action or drilling out of the wall of the bore 10,
a suitable drilling fluid may be circulated down-
wardly through the drill stem If. This drilling
fluld will pass through the section A, then
through the sections B, C and D ang finally
downwardly through the pipe 50 to escape from
the lower end of said pipe through the outlet
port 51. The drilling fluid will then flow up-
wardly outside of the drill stem to the surface
and will therefore wash the cuttings to the sur-
face, as well as lubricate the cutting blades 28
and 36,

Obviously, as the sections A, B and ¢ of the
tool are deflected” from the vertical, as has been
described, the drill stem moves downwardly in
A Deflection of the sections will con-
tinue until the. position shown
reached, which position shows the maximum de-
flection possible. In such position, it will be
obvious that the upper cutting section B is fol-
lowing the vertical wall of the bore formed by
the tool, while the section C has been deflected
to a substantially horizontal position. When
such position is reached, continued rotation of
the drill stem 11 and g resultant rotation of the
sections A, B and C will continue the drilling
operation. Since the blades 36 of the section C
are substantially in g horizontal plane, it will
be obvious that a horizontal shoulder 60 will be
formed around the original bore 10, as shown
in Figure 2. When the maximum deflection of
the .sections has occurred and drilling is con-
tinued, it is obvious that all of the sections must
move downwardly and it is at this time that the
telescoping action of the pipe 50 with relation
to the sleeve 46 of the lower section D comes
into action, After maximum deflection of the
sections has been attained, continued drilling
forces the sections downwardly as g unit and,
in order to bermit such downward movement,
in order to form the shoulder §0, the section D
must move downwardly through the lower end
of the original bore 19. Such downward move-
ment is permitted because the weight imposed

tion of the sleeve 4§ on the piston 47 oceurs,
Thus, drilling may continue for
riod ‘after maximum deflection
has been obtained.

tion of the bore 10. Such alinement is brought
about by the deflection of the section C to a
substantially horizontal plane and at substantial-
ly a right angle to the lowermost section D. By
forming the shoulder 60 within the formation and
locating a portion thereof substantially in aline-
ment with the vertical portion of the well bore
10, it will be seen that the tool may be removed
from the bore, after which the usual drill bit may
be lowered through the bore. Such bit will strike
the shoulder 60 and drilling may continue in ver-
tical alinement with the well bore. Therefore,
the drill bit need not follow the original curved
bore but may start drilling anew in the shoul-
der 60 formed by the tool herein described,

In order to remove the tool, it is only necessary
to reverse the rotation of the dril stem {f and
such reverse rotation acting through the grooves
18 and lugs 20 will return the section A to a ver-
tical position with relation to the drill stem.

5

10

in Figure 2 is .
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Similarly, such reverse rotation will cause the
section B to also become vertically alined with
the section A, such alinement being accomplished
by the coacting grooves 26 and 26’ and the lugs
21. As soon as the sections A and B are alined
with each other, the weight of the sections C
and D will automatically aline these sections
vertically with the uppermost section. Thus,
the drill stem may be pulled upwardly to remove
the device after the shoulder 60 has been formed.

The device is relatively simple in construction
and includes the blurality of sections which may
be deflected from the vertical so that when ro-
tated they will enlarge the original bore or
hole 10. The connection between the various
sections is such that the deflection or. inclina-
tion of said sections may be controlled so that
the formation may be broperly drilled out and g
new surface for the ordinary drill bit brovided.
In this manner, a well bore which is erroneously
inclined from the vertical may be readily
straightened in a minimum time and with mini-
mum effort.

The foregoing description of the invention is
explanatory thereof and various changes in the
size, shape and materials, as well as in the details

- of the illustrated construction, may be made,
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within the scope of the appended claims, without
departing from the spirit of the invention,

What we claim and desire to secure by Letters
Patent is: .

1. A well straightening device adapted to. be
lowered into an inclined well bore including, a
plurality of sections arranged to be deflected from
the vertical and along a longitudinal axis, means
on the sections for drilling out the formation to
enlarge the well bore when the sections are ro-
tated, means for automatically. deflecting said
sections to gradually enlarge the diameter of the
hole being drilled by said sections as said drill-
ing continues, and adjustable means on the low-
ermost section adapted to engage the bottom of
the inclined well bore for positioning the cutters
of sections opposite the point where the well bore
begins its incline from the vertical, said means
being arranged to telescope the lowermost sec-
tion when maximum deflection of the members
has occurred to permit the sections to move
downwardly through the formation. :

2. A well straightening device adapted to be
lowered into an inclined well bore including, a
plurality of sections arranged to be deflected
from the vertical and along a longitudinal axis,
means on the sections for drilling out the for-
mation to enlarge the well bore when the ‘sec-
tions are rotated, means for automatically de-
flecting said sections to gradually enlarge the
diameter of the hole being drilled by said sec-
tions as said drilling continues, means for con-
trolling the direction of deflection of said sec-
tions, means for limiting the deflection of the
sections to control the diameter of the opening
drilled by said sections, and adjustable means on
the lowermost section adapted to engage the
bottom of the inclined well bore for positioning
the cutters of sections opposite the point where
the well bore begins its incline from the vertical,
said means being arranged to telescope the low-
ermost section when maximum deflection of the
members has occurred to permit the sections to
move downwardly through the formation.

3. A well straightening device adapted to be
connected to a drill stem and arranged to be
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tween said section and the drill stem, coacting
means on said ball and socket for tilting the
section -to deflect the same from the vertical
when the drill stem is rotated, an upper cutting
section below the upber section, a ball and
socket connection hetween the sections, coact-
ing means on said ball and socket for controlling
the direction of tilting relative to each other,
a lower cutting section connected to the upper
cutting section and arranged to swing with rela-
tion thereto, a guide section connected. to the
lower cutting section and capable of swinging
relative thereto, and means for limiting the de-
flection of the sections with relation to each
other and to the drill stem, whereby the size of
the opening drilled by the cutting sections when
the same are rotated may be controlled.

4. A well straightening device adapted to be
connected to a drill stem and arranged to be
lowered into an ijneclined well bore including, an
upper section, & pall and socket connection be-
{ween said section and the drill stem, coacting
means on said ball and socket for tilting the
section to deflect the same from the vertical
when the drill stem is rotated, an upper cutting
section below the upper section, a ball and
socket connection petween the sections, coact-
ing means on said pall and socket for controlling
the direction of tilting relative to each other, a
lower cutting section connected to the upper
cutting section and arranged to swing with rela-
tion theerto, a guide section connected to the
lower cutting section and capable of swinging
relative thereto, and means for limiting the de-
flection of the sections with relation to each
other and to the drill stem, whereby the size of
the opening drilled by the cutting sections when
the same are rotated may be controlled, all of
the sections have communicating axial passages
which communicate with the bore of the drill
stem, whereby a drilling fluid may be circulated
through the stem and sections and upwardly
therearound during the drilling operation.

-e
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5. A well, straightening device adapted to be
lowered into an inclined well bore including, an
upper section connected to a drill stem and
arranged to undergo a tilting movement rela-
tive thereto, a Dair of cutting sections having
cutting members thereon connected to each
other sc as to be capable of deflection with rela-
tion to each other, said cutting sections having
connection with the Upper section and being
adapted to tilt with relation thereto, and a lower
section secured to the cutting sections so as
to swing relative thereto, all of the sections be-
ing capable of deflection from the axis of the
drill stem and also from the axis of adjacent
sections, whereby the cutting sections may be
deflected outwardly so as to enlarge the hore
when the drill stem ig rotated, all of the sec-
tions have communicating axial passages which
communicate with the bore of the drill stem,
whereby a drilling fluid may be circulated
through the stem and sections and upwardly
therearound during the drilling operation.

6. A well straightening device adapted to be
connected to a drill stem and arranged to be
lowered into an ineclined well bore jincluding, an
upper section, a ball and sockeb connection be-

. tween said section and the drill stem, coacting -
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means on sald ball and socket for tilting. the
section to deflect the same from the vertical
when the drill stem is rotated, an upper. cutting

section below the upper section, a ball and socket -

connection between the sections, coacting means
on said latter ball and socket for controlling the
direction of tilting relative to each other, a lower
cutting section connected to the upper cutting
section and arranged to swing with relation
thereto, and means for limiting the deflection of
the sections with relation to each other and to
the drill stem, whereby the size of the opening
drilled by the cutting sections when the same
are rotated may be controlled.

AMOS L. GIBBONS.

HENRY H. HARRISON.




