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Moye G. Earley, Houston, Tex., assignor {o J. S.
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546,766.

Divided and this application June 1,

1934, Serial No. 728,543

2 Claims.

The invention relates to an improvement in
means of straightening or correcting the direction
of well bores.

In the drilling of wells it is the rule rather than
the exception that the well bore is quite crooked,
in the majority of cases and deviates from the
vertical a considerable distance. In fact, it is
not uncommmon for a well to be deflected from
one to five or six degrees which will cause con-
siderable lateral deviation from the vertical when
the depth of the well is considered. In many
instances wells have been drilled wherein the
bottom of the well bore was offset a distance of
several hundred feet from the top and its general
contour quite crooked. When the operator real-

izes that his well is crooked it is then necessary -

to plug up the well bore to an elevation where
the bore is straight and to then recommence drill-
ing in the hope that the second start will resuit
in a straight hole. In many instances where
the bit passes from one formation to another it
strikes the second formation along a plane of
cleavage or strikes a boulder or other obstruc-
tion and the bit will be deflected from its normal

5 vertical position. The plugging back of the well
and re-drilling, gives no assurance that a straight

hole will be obtained on the second attempt and
in fact it often occurs that the bore will have
to be plugged as many as three or four times
before a comparatively straight hole is obtained.
The present invention contemplates the provision
of a means for straightening or correcting the bore
as soon as any deviation is observed and elimi-
rates the inconvenience and cost of plugging the
well and re-drilling the same.

The present invention is a division of my prior
copending application which resulted in my Pat-
ent 1,971,480, granted August 28, 1934, wherein
the method of drilling is claimed, while the pres-
ent invention is restricted to the -apparatus for
such drilling.

1t is one of the objects of the invention to pro-
vide a drill stem coupling of special construction
which will permit an offset in the drill stem which
will cause the drill bit to be positioned at an in-
«clination with respect to the drill pipe.

Another object of the invention is to provide a
coupling in the drill pipe which will buckle when
weight is placed thereon so that the drill bit will
be moved to a position which is inclined wifth
respect to the bore in which it is located.

Another object of the invention is to provide
a drill stem coupling which will allow the drill
bit to follow the contour of the well bore when
being lowered into or removed from the well but

(Cl1. 255—28)

which will permit an offset relationship of the

bit with respect to the remainder of the drill pipe
when weight is placed upon the coupling.

A still further object of the invention is to con-
tinue the drilling of a crooked well bore in a more
nearly vertical direction by utilizing a special type
cf drill stem coupling.

Another object of the invention is to provide
% means of straightening well bores by positioning
the drill in the crooked bore at an inclination
toward the verticai and continuing the drilling of
the well bore. ‘

It is also an object of the invention to correct
the inclination of the well bore by tilting the bit
to a position between the vertical and the inclina-~
tion of the well bore with respect to the vertical
and continuing the drilling of the bore with the
bit thus positioned until the direction of the hore
returns to vertical.

Other and further objects of the invention
will be readily apparent when the following de-
scription is considered in connection with the
accompanying drawings wherein

Fig. 1 is a central vertical section of one type

of coupling which may be used in practicing the o

invention, the section having been taken on the
line i—I of Fig. 2.

Fig. 2 is a central vertical section taken on the
line 2—2 of Fig. 1.

Fig. 3 is a diagrammatic view of the mecha-
nism used in practicing the. invention and illus-
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trating the positioning of the same in a crooked

well bore. .

Tig. 4 is a sectional view of another form of
coupling which may be used and is a view taken
on the line 4—4 of Fig. 5.

Fig. 5 is a central horizontal section taken on
the line 5—5 of Fig. 4.

Fig. 6 is a diagrammatic view of the inventon.

Fig. 7 is another diagrammatic showing of the
invention using a full bore bit. .

PFig. 8 is a schematic showing of the successive
corrections of the well bore.

Fig. 9 is a section of a modification of the in-
vention showing a reamer on the drill bit.

In the rotary method of drilling wells the drill
bit is connected to a string of drill pipe and ro-
tation of the bit accomplished by rotation of the

string of pipe. When the drill bit strikes an ob--

struction it is often deflected. Sometimes the
deflection is caused by permitting too great a
weight on the string of pipe so that the drill pipe
is flexed and in this manner deflects the bit.
Regardless of the cause of the deflection the
crooked well bore which results is objectionable
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as it not only offsets the location of the bottom
of the well but also makes it inconvenient for
continued drilling due to flexure necessary in
the drill pipe and also increases the cost of

operation of the well if it is to be pumped at a

later date. ‘
" In order that the invention may be understood
reference may be had to Fig. 3 where the straight

or vertical portion of the bore is indicated at 2.’

This well bore may be any length but a deflec-
tion in the bore is indicated as occuring at.4 and
beyond that point the bore is inclined with re-
spect to the vertical. This inclination may have
been determined by conditions observed by the
driller; it may have been ascertained by a sur-
vey of the well, or by the simple process of an
acid bottle test.

When it has been determined that the hole is
crooked and it is desired to straighten the same
and restore the drilling operation to a vertical
hole, the drill bit indicated generally at §, will
be connected to a section of pipe or drill collar 8
whose length may be varied in accordance with

conditions which will be later described. Above -

this section of pipe will be the improved coupling
1, which constitutes one of the elements of this
invention. This coupling will be of such con-
struction that it will flex when weight is placed
on the drill stem and cause the coupling to- as-

_sume the inclined position shown in Mg. 3.

Abhove this coupling will be a section 8 of drill
pipe which will preferably be stiff- and rigid.
Above this section 8 will be the standard sections
of drill pipe 9 which continue to the surface.

When this device is lowered into the well bore
.the bit, of course, penetrates the bore first and

will hang in a vertical position from the drill
pipe 3, while the bit is being lowered through the
vertical position 2 of the well bore.

- 40 drill bit, however, is lowered into .the inclined

70
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portion of the well and passes the point of de-
flection 10, the drill will come in contact with

- the lowermost wall 11 of the inclined bore, due

to.the provision of the coupling or connectfon: 1
as the bit is lowered it will assume a position

substantially parallel to the lncllned lower sur-

face 11 of the inclined portion of the bore.
The lowering of the bit is then continued until
the bit § comes into engagement with the bottom

13 of the well bore. When this positioning oc--

curs the parts will be in the same posifion as
shown in Fig. 3, except that the top 14 of the
section 6 will be reclining against the wall {1 of

the bore. At this point, however, the weight of

at least part of the drill pipe 8 is lowered onto
the drill bit and when this weight is receilved by
the coupling 1, this coupling is of such construc-

tion that it will assume the inclined position

shown in Fig. 3 and the top of the coupling, due
to the stiffness of the section 8 and the drill pipe
9, will remain against the side i of the in-
clined bore.
ever, will flex under the weight. which is applied

thereto and inasmuch as it 13 offset from. the

longitudnial axis of the drill pipe 9, and. the

section 8, due to its reclining position on the wall

{1, it will obviously move to an offset position as

far as possible. The amount of this offset move-

ment will be limited either by the internal .con-

struction of the coupling or by the diameter. of.-

the well bore and in the {llustration shown in

Fig. 3 the inclination or offset relationship has -
been limited by the well bore where the top of-

the coupling contacts at 15 and the base of-the

ccupling contacts on the opposite side of th.e bora =

As’ the.

'lines 104 and 105 the correction is 3°.
‘rection is'accomplished in s manner such as pre-
- viously - described in connection with Fig. 3.

The bottom: of the coupling, how- -

‘rected incllnation ’I'his standard .gaug
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at (8. It should be noted that the side of the
bore 17 is what will be termed the high side, or

"upper side of the well bore, whereas the side #1

will be designated as the lower side.

With the parts shown in the position of Pig. 3,
the drill stem 8 is rotated from the surface. The
coupling is of such construction that it will also
rotate and impart rotation to thz drill bit which
is connected below the coupling. In this man-
ner drilling of the well is continued with the bit
in the postion shown in Fig. 3 so that the contin-
uation of the well bore indicated at 20 will be at
an Inclination more nearly toward the vertical
than is the inclination of the well bore 4. It
is to be understood that the bit 5, as seen in
Fig. 3, may or may not be in a substantially ver-
tical postion. Its position at this time depends
upon the degree of inclination of the bore with
respect to the vertical, upon the diameter of the
bore, the diameter of the bit, and upon the lim-
iting ‘movement of the coupling 1. As an ex-
ample, however, suppose that the inclination of
the bore below the point 10 were 6°- from ver-
tical, and the construction of the coupling T were
such that it would permit an inclination of 3°
of the drill bit with respect to the longitudinal
axis of the drill pipe 8. It is then apparent-that
when the parts are positioned as shown in Fig.

10
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3, the drill bit would still be positioned 3° from

vertlcal, and that a correction of 3° would have
have been made. The gradual correction of the
bore is desirable in order that a sharp bend.or
change in direction of the well bore will not oc~

cur. The bore 20 continuing from the point 13

would therefore have to_be drilled at an angle
of but 3° with respect to the vertical portion 4
of the bore.

In order that a complete understanding ol’
the operation of the device may be had, refer-
ence is made to Fig. 8 where a diasgrammatic
showing of the well bore after the inclination

deflection of the bore is indicated by the portion
at 4, the same as in Fig. 3. For purposes of il-
Justration this angle of inclination with: respect
to the vertical is indicated by the lines 184 and
182, which show that the inclination is at an
angle of 12° from the vertical. . It is now the prob-~
lem of the operator to make a correction of 12°
in order to restore the direction of the well bore
to vertical. . It is desirable to make this correction
gradually rather than to make it abruptly in a
short distance. - With this in mind, therefore, a

- correction of 3° will first be made by drilling the

section indicated at 103 and as shown by the
This cor-

40

_thereof has been corrected is shown. The first

15

However, if a pilot bit or bit of less diameter '

- than the well bore is used the hole 20 shown

in Pig. 3 will be drilled a distance. substantially

equal to the dlstance from the lower edge 12 of
.the drill bit. up to ‘the coupling T of the lower-
“most coupling ‘80, such as seen in Fig. 6. . When

this pilot hole 20 has been drilled at a corrected
angle of 3° the bit will then be removed from

the well and a bit of standard gauge lowered into -

the well.. This bit lowered. at this time is’ pref-
‘erably’ what is known as a diamond point. bit or

& bit-having & pilot point.thereon :so. that the

operator will be sure that this standard gauge
bit. will follow the pilot hole 20 along.t

0
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incline hole 4. As seen in Fig. 8, that portion
103 of the hole has been reamed out at the cor-

" rected inclination due to the use of the method

10

and apparatus of this invention.

In the use of the both the pilot bit and the
standard gauge bit while practicing this inven-
tion it is desirable that the operator observe the
distance which the bits pass into the well bore.
Thus, if the operator - insists that the length of
the bit 5, the pipe 6 and the member {4 up to

" the coupling is, for example 30 feet, he will
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then place the bit 5 on the bottom I3 and begin
drilling. He will, however, observe the distance
that the drill bit passes into the hole so that
he will know when the coupling approaches the
shoulder 13 and in this manner know that he has
drilled the desired distance in making the cor-
rection. - When the standard bit is then inserted,
he will again observe the distance which is being
reamed out and limit that distance to the same
as the depth of the pilot hole which has been
drilled. In this manner the section {03, as seen

-in Fig. 8, is formed.

It is now desired to make a second correction

of 3° and-the pilot bit is again lowered into the

hole and the section 106 is drilled with the pilot
bit, thus making a second correction of 3°."
pilot bit is then removed and the standard gauge
bit used to ream out the hole. This operation is
repeated to form the section of hole {07 and again
repeated to create the last portion 108 of the
well bore. In this manner there have been four
corrections of 3° each, so that the section 108
is vertical, the same as the section 2, but is off-
set therefrom a distance equal to the distance
between the center lines {09 and {16. The center
line {08 represents that of the original vertical
bore 2, whereas the line 410 represents that of
the corrected bore 168. It is to be understood
that the inclination of the portion 4 and the
portion 168 may be determined by acid bottle
measurements or by any other means.

When the section {88 has been completed the
well bore is again vertical and the usual type of
tool being employed in that formation may then
be lowered into the well and the drilling con-
tinued.

The example given above is merely hypotheti- ’

cal and has been exaggerated intentionally in
order that a complete vuderstanding of the in-
vention may be had. Under usual conditions the
inclination would probably be very slight and the
correction would be accordingly slight, but in
event the deviation is considerable, as shown in

the illustration, it is possible to restore the bore-

to a2 vertical position by practicing the invention
as herein described.
In Fig. 7 a view of the 1nvent10n is shown

‘wherein the double couplings of Fig. 6 have been

illustrated in combination with a full gauge bit
£15. This illustration is given in order to indi-
cate that the invention may be practiced by
using a full gauge bit but when this is used the
correction which can be made will be less than if
a pilot or smaller gauge bit is used. In the illus-
tration of Fig. 7 the correction will be less due
to the fact that the bit occupies the full diam-
eter of the well bore and due to the fact the
jnclination of the bit with respect to the crooked
hole will be less than if a pilot bit were used.
Where the Inclination or deviation of the well
bore is slight it is quite possible that a full gauge
bit may be used in making the correction as seen
in Fig. 7, using either the coupling 7 or the cou-
pling 86 as desired. '

3

The theory of the invention is based upon the
forces which will be applied to the couplings T or
80 and the buckling or flexing of the coupling
is accomplished due to the fact that the lines
of force are applied in the coupling in a man-
ner such that the resultant of the horizontal and
vertical components will give a resultant at an
inclination to the vertical component, and when
the weight of the drill stem, or part of such
weight, is applied to the coupling. When the
drill bit rests on the bottom of the well bore, the
coupling will be buckled or flexed due to the fact
that the contact of the bit with the well bore
occurs at a position which is offset from the ver-
tical center line of the drill stem 8. It is to be
understood that if the operations as described in
connection with Fig. 8 were continued beyond the

section 108 the well bore would again be inclined

away from the vertical but in a direction oppo-
site to that of the inclination of the section 4.
It is, therefore, apparent that when the driller
is advised that he has made a sufficient number

" of corrections to have balanced the inclination of

the section 4 that he will then cease operation
with the couplings and repla/ce his standard drill

bit coupling directly on the drill stem..
The

‘While the invention has been shown and de-

scribed as primarily directed to the restoring of-

the well bore to vertical, it is to be understood
that it may be applied for other purposes such
as in side tracking the well bore around junk in
the hole.” It often occurs that tools are lost in
the hole and cannot be removed and a whip stock
or other device is used to side track the bore
away from the junk so that the drilling may pro-
ceed. If this is desired, this invention may be
practiced without using the whip stock by mere-
1y plugging the well to a point above the junk
and then attaching couplings in the drill pipe
and the bit will be directed at an incline with
respect to the vertical bore. After suitable in-
clination has been obtained a full gauge bit may
be used to continue the inclination a sufficient
distance so that the bore will be deflected to one
side of the junk. In this manner the well can
be drilled at any desired ineclination away from
the vertical. After this distance has been ac-
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complished the couplings will again be used fo -

straighten up the bore to a vertical position so
that the well bore will continue in a vertical di-
rection but slightly offset from the original po-
sition. = Applying this idea to Fig. 8 the junk
would be located at about the elevation of the
section i6é and the coupling could have been used

throughout the side tracking operation, or, if de- &

sired, a straight bit could be used in drilling the
section (83 so that it would have continued in
the direction of the section & and after the proper
deviation was accomplished the couplings would
then again have been used to restore the verti-
cal direction of the bore.

One form of the coupling 7 has been illustrated
in Pigs. 1 and 2 and comprises the housing 30,
which is preferably made up of a cap 3! and a
base 32, which are threaded into engagement
with each other at 33. Inside of the cap 3! is a
connecting member 34, which is threaded at 35
10 a section of pipe 36. This section may be the
section 8 illustrated in Fig. 3, or it may be a usual
type of drill pipe. .As shown in Fig. 1, however,
this pipe 38 is threaded at 37 to receive the plug
connection 38, which serves as a passage for a
flow of flushing fluid and is provided with the
central opening 38. Connected to-this plug 38
is a conduit 40, which extends substantially the
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length of the coupling T and: receives a nipple 41
on the lower end thereof. This nipple 41 is con-
nected to the member 6, which may be the same
as the section 8 shown in Fig. 3. Inside of this
section is a positioning ring 42, which receives
the nipple 41 and a seal is maintained about this
nipple by means of the stop ring 43 and the pack-
ing 44, By adjustment of the ring 42 the seal-
ing around the nipple 41 may be adjusted. It is
intended that the conduit 40 may be of more or
less flexible material so as to allow for the flex-
ure or buckling of the coupling when.the top
of the drill bit is offset. With this arrangement
a flow of-fluid may be obtained through the cou-
pling in order to maintain the usual circulation
necessary in drilling by the rotary method.

In order that the coupling will transmit ro-
tation from the pipe 8 to the pipe 8, it is neces-
sary that drive members be provided, and the
connecting member 34 is the uppermost element
of this drive connection. This connecting mem-
ber is formed with the shoulder 45 which abuts
against the contact ring 46 carried inside of the
cap 31. This contact ring serves as a seal and
transmits the thrust from the connecting mem-
ber 34 to the cap 3f, when the weight of the

_ drill bit and portions below the connecting mem-

40
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ber are suspended. Below the shoulder 45 the
connecting member 34 is formed with a ribbed
construction 47 and on the righthand side of
Fig. 1, one of the ribs 48 is shown in section. On
the lefthand side of Fig. 1 the section has been so
fllustrated that a channel 48 has been shown.
This channel'is disposed between two of the ribs
48. The lower end of the portion 47 is rounded
or beveled at 50 on the arc of a circle, and the
ribs 48 are preferably tapered as shown at 5i.
The center part of this portion 47 is hollow, as

at 52, and the conduit 40 passes axia.lly through
the same.

A sleeve 85 is provided inside of the housing 30
and is internally ribbed as at 56 in order to re-
ceive the ribbed portion of the connecting mem-
ber. These two parts are interfitting with the
ribs in co-engagement, as best seen in Fig. 2.
Thus, if the connecting member 34 is rotated
it will also impart rotation to the sleeve B§85.
However, the ribs 51 are tapered downwardly
and outwardly so that the space between the ribs
51 and the channels 49, and the ribs 48 and
the channel 58 in the sleeve 55 gradually in-
creases in width and is of greater width at 59.
The ribs 56 terminate in an annular shoulder 60,
which is formed on an arc of a circle substan-
tially the same as the circular arc on which the
end 50 of the coupling 34 is formed. Thus a por-
tion of & ball and socket connection is formed at
this point which will allow the sleeve 55 to tilt
angularly in any direction, a number of degrees
at least equal to the taper between the co-oper-
ating ribs on the parts. For purposes of illus-
tration this coupling may be made up to permit
an angular inclination of 3°.

The center of the sleeve 58 is provided with a
passage 6f so that the conduit 40 may extend
therethrough. The lower portion 62 of the sleeve
55 is identical with the upper portion previously
described and is arranged to receive the upper
end 63 of the drive bushing 64, which is formed
with a ball seat at 65 to engage the lower shoul-
der 66 on the sleeve 55, which shoulder is the
same as the shoulder 60. This drive bushing 64
is tapered at 67 in a manner similar to the taper
of the ribs 48, so that a 3° tilting will be avail-
able at this point also. This drive bushing 64 is

2,069,608

symmetrical in its construction and the lower
portion 88 is of the same arrangement as the up-
per portion and is adapted to be received in the
upper end 89 of the lower connecting member 10.
This upper end 89 of the connecting member 70
is formed identically the same as either end of
the sleeve 88 and further description thereof is
not believed to be necessary. The arc of the
circle on which the shoulder €8 is formed has

‘been indicated by the line T1.

The lower connecting member 10 is formed
with a shoulder 72 similar to the shoulder 48 on
the upper connecting member and this member
abuts on the lower contact ring 73 so that a
thrust will be transmitted from the connecting
member to the housing 7 when the drill bit is
suspended. This connecting member is reduced
in size at 74 to pass through the opening 15 in
the base 32 of the housing 7 and is threaded at
18 to receive the pipe 6.

From the foregoing construction it seems read-
ily apparent that there are three 3° angular dis-
placements provided in the coupling so that the
final resultant angular position of the pipe 6
with respect to the pipe 38 will be an inclina-
tion .of 3°. The connecting members inside of
the housing are required, however, in order to
carry the thrust which will be applied to the
coupling when the bit is to be rotated in the drill-
ing operation. This trust will be transmitted
from the connecting member 34 to the sleeve 55
to the drive bushing 64 and to the lower connect-
ing member 70. All of these parts intermesh
with each other due to the rib and channel con-
struction so that a positive drive will be assured
even though angular displacement is possible.

Figs. 4 and 5 show a modified form of coupling
which is indicated at 80. This coupling contains
the base 81 and the cap 82. This cap 82, how-
ever, Is connected directly to the pipe 9 and is
provided with a hollow area 83 to allow for circu-
lation of fluid through the coupling. This cap 82
is provided with a rib construction 84, which, as
seen in Fig. 5, constitutes alternate ribs 85 and
channel 86. These ribs and channels are ta-
pered outwardly and upwardly so that the drive
bushing 88 disposed therein will be rotated but,
due to the tapered form of the ribs 89.on this
drive bushing, limited angular displacement will
be permitted between the two members and the
thrust from the cap 82 to the drive bushing 88
will occur at the point 90, which is a portion of
& ball and socket seat as descrlbed in connectlon
with the Fig. 1 'coupling. )

With this arrangement rotation will occur but
tilting movement will be possible. The drive
bushing 88 is disposed in the base 8f of the cou-
pling and the shoulder 91 abuts against a con-
tact ring 92 to carry the thrust when the bit is
suspended on- the coupling. A packing 97 is pro-
vided above the shoulder 81 and is preferably of
the type which will expand when subjected to
fluid pressure so that it will form a seal between
the drive bushing 88 and the base 81 of the cou-
pling. Thus the slight tilting movement of the
drive bushing 88 with respect to the base of the
coupling will not destroy the seal. If desired a
packing 83 may be provided between the base
and the cap and the base is tapered at 94 to seat
in the groove in the cap. The lower end of the
drive bushing 88 is threaded at 96 to connect
with the pipe 6 or other section, which is below
the coupling.

As seen in Pig, 3, the operation of the bit and
the method is the same as disclosed in connection
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with Fig. 3, except that two of the couplings 80
are necessary as each allows a deflection of the
bit with respect to the drill pipe 9. However, the
arrangement shown in PFig. 6 is of particular

‘advantage where the inclination of the well bore

is slisht and has continued for a considerable
distance before it was discovered. Thus, the cou-

_ pling 80 will be positioned above the section 8
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of the drill pipe and directly below this coupling
80 will be a second coupling, which is positioned
away from the first coupling, however, a consid-
erable distance. This connection is by means of
the section of pipe 98 and this length of pipe may
be varied as the amount of angular displacement
of the bit depends to some extent upon the length
of this pipe 98 and the length of the pipe § con-
nected to the bit 5.

It will be readily apparent that if the lower
coupling 80 were positioned, we will say, at a
point 99 in the inclined bore the top of the bit
5 would then be inclined with respect to the bore
at a greater degree than it would be if the parts
were in the position shown in Fig. 6. The opera-
tion of this form of the invention is the same as
in the Fig. 3 embodiment.

Fig. 9 of the drawings shows an arrangement
wherein the bit 5 has entered the pilot hole or
corrected hole 20 and has drilled this hole for
a considerable distance. This is the manner in
which the pilot bit 5 of Figs. 3 and 6 will pene-
trate the formation. In Fig. 9, however, a slight-
1y modified form of the apparatus is used in which
the drill collar 6 is positioned as in the previous
modification but the short section of pipe §’, as
seen in Fig. 6, and the coupling 4 have been re-
positioned and connected directly to the drill col-
lar 6, a reamer coupling 120. This coupling is
preferably connected directly to the drill collar 6

in any suitable manner and embodies a body por- -

tion 121, which is fitted with laterally directed
reamer blades 122. These blades are integral with
the body 121 or they may be removable and are
preferably removable in order that they may be
replaced when worn. The blades here shown are
of the two stage type so that the reaming op-
eration is performed in two steps. As noted in
Fig. 9 the lower wall 11 of the inclined bore has
been reamed away as at 123 and as this reamer
120 proceeds into the pilot hole the pilot hole
will be reamed out to standard gauge. With
a structure of this type it would be possible to

. direction.

S

modify somewhat the method as practiced in con-
nection with Fig. 8 by merely making the drilling
operation continuous until such time as the drill-
er had reason to believe that the inclination of
the well bore had been corrected to the desired
The driller could then remove the
entire device including the reaming collar, the
drill bit and the swivel coupling and run in an
acid bottle or other device to determine the
amount of correction which had been made.

As seen in Fig. 9, the section of pipe 6’ of Fig. 6
has been elongated somewhat and would have
attached to its upper end either one of the cou-
plings 80 of Fig. 6 or a coupling such as 1 in
Fig. 3, so that the top of the drill bit and the
reamer coupling would be offset with respect to
the longitudinal axis of the drill pipe. It is be-
lieved that the modification of Fig. 9 will be read-
ily understood from the foregoing description and
it will be unnecessary to give any further illus-
tration thereof in connection with the coupling
embodied in this invention.

While specific forms of the coupling have been
shown and described it is to be understood that
the invention broadly contemplates a means of
correcting the inclination of the well bore or
changing its direction, and that the invention
may be practiced by devices other than those here
illustrated so long as the means of tilting the
top of the drill bit so that the bit assumes a po-
sition at an inclination with respect to the wel
bore is utilized. :

What is claimed is: ‘

1. A coupling for drill stems including a plu-
rality of relatively tiltable interfitting members
adapted to transmit rotation to each other, a

housing. for said members, means to connect a.

pipe to said members to project from opposite
ends of said housing, and means to conduct liquid
through said members Including a flexible tube
extending therethrough. .

2. A well bore straightening tool including a
hollow drill stem, a reamer means having & cir-
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culating fluid passage formed therethrough, a

drilling bit having a circulating fluid passage
formed therethrough, a universal joint opera-

_tively connecting said reamer and stem, and a

flexible duct means interconnecting said stem
reamer and bit circulating fluid passages.

MOYE G. EARLEY.
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