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This invention relates to improved, stabilized
apparatus for drilling curved bores deviating
from existing vertical well bores and has for its
object. the provision of apparatus embodying
means for-stabilizing the same against unwanted
and objectionable deformation when in use.

The-drilling of curved bores into the producing -

formations of oil wells extending thereinto from
the existing vertical well bore snd apparatus for
effecting - the drilling of -such deviating bores
‘have been the subject matter of a number of prior
‘patents issued to me and of applications filed
by me.

One advantageous form of apparatus for use in
the drilling of curved bores deviating from exist-
ing vertical well bores embraces a helicaliy dove-
$ail slotted, normally. curved, flexible, resilient
drill guide, a flexible, nonresilient, sectional, me-

tallic, tubular drive member extending through

and rotatable within the helically slotted, nor-
‘mally curved, flexible, resilient drill guide, the
said. fiexible nonresilient drive member project-
ing ‘upwardly from the normally curved .drill
guide for a distance adequate to insure the drill-
ding.of a curved bore.of the desired length. The
flexible nonresilient drive member is. connected
at its upper end to g substantially rigid, tubular
drill string that extends to the top -of the well
to be driven by the usual rotary drilling mecha-
‘nism. The flexible nonresilient. drive member
carries for rotation therewith a .drill bit at its
lower or free end.

. In the operation of the deviating bore drilling
-apparatus just above briefly described, there is
:often a substantial length that is from 40 to 80
feet or more of nonresilient flexible, sectional,
Imetallic drill pipe disposed above the normally
curved, helically slotted, resilient, flexible drill
‘guide at the time drilling of a deviating bore from
the existing well bore is initiated. It has been
Hdound that when the drilling of s deviating -bore
:is initiated through the employment-of such ap-
paratus and-excessive weight, due to inadvertence
-or.otherwise, .is imposed on the drill string -at
-the surface of the well, there is g tendency for
the flexible nonresilient drill bipe sections of the
«drive: member to buckle in the vertical well bore
-above the normally curved, flexible, helically
slotted, resilient drill guide. ‘When such buckling
of the flexible nonresilient drive member occurs,
the . elbow . produced by the joints thereof- is
brought into contact with the wall of the vertical
-bore and,; as the drill pipe is rotated, digs into
the -formation, forming what -has come to- be
known as.-a key-seated cutout. ‘When- the key-
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seated cutout is deepened, the more pressure put

on the .drill string the worse the situation: be-
comes and will sometimes result in breaking the
‘flexible driving member which, -because -of -its

hardened surface and peculiar position, is very
difficult to fish from the well. -

It is the specific purpose and object of the pres-
ent invention to obviate the objections and diffi-
culties hereinbefore recited by -embodying-a- sta-
bilizing element in the drilling apparatus. Pur-
ther and more specific purposes and objects-of the
invention will become apparent as the deseription
proceeds which will be made ‘by reference to the
accompanying drawings forming a- part hereof
and wherein

Figure 1 is a view in side elevation of the drill-
ing apparatus of the invention showing the posi-
tion of the same in an existing vertical well bore
ready to initiate the drilling of a curved, devi-
ating bore,

Figure 2 is a fragmentary, detailed view dis-

-closing the relationship of parts of the apparatus

after the drilling of ‘the curved. bore hasbeen
initiated,

Figure 3 is a detailed view, ‘partly in' section,
llustrating the relation of the stabilizer member
to the associated elements of the apparatus, and

‘Figure 4 is a view similar to Figure 2 disclos-
ing a-sectional stabilizer construetion applicable
curved, deviating bores.
Referring to Figure 1, a conventional rotary

drill table is diagrammatically illustrated at’ 10

and the normally rigid drill string section 11 ex~
tends downwardly from the surface of the well.
It will be understood that the drill string {1 is

-of conventional form made up of sections of steel

bipe and may well be several thousands of feet
in length.  The lower section of the tubular drill
string {1 may sultably be provided with an annu-
lar enlargement 12 (see Figure 3). The upper

end of the flexikle honresilient drill string drive

member indicated generally at 13 is adapted to be
threadedly connected to the annular enlarge-
ment 12 of the rigid drill string {1 as indicated at
t4 in Figure 3. The flexible nonresilient drive
member is preferably constructed in accordance
with the teachings of my Patent 2,515,366 and is
made up of the individual sections 18 having the
intermeshing dovetailed teeth 186. It will be ap-
preciated that where g very long deviating hore
is desired the flexible nonresilient drive member
13 may be made up of a plurality of sectional
units much the same as the hormally rigid, tubu-

lar- drill string is made up. Such sections are
2 .adapted: to-be interconnected by threaded joints



2,651,499

3

such as indicated at 11 (Figure 3). The lower-
most portion of the flexible nonresilient drive
member 13 projects downwardly through and is
rotatable within the normally curved, flexible,
resilient, drill guide 18, the bit 19 being carried
at the extreme lower end of the flexible nonre-
silient drive member 13 and is mounted for rota-
tion therewith. Thus, when the normally rigid
drill string i1 and the flexible nonresilient drive
member 13 are rotated from the rofary table [0
at the surface of the well the bit 19 will be posi-
tively driven. The normally curved, flexible, re-
silient, helically slotted drill guide 18 is prefer-
ably constructed pursuant to the teachings of
my United States Patent 2,515,365, there heing
provided intermeshing dovetailed teeth 28 along
the helical slot of this drill guide.

The drill guide 18 may desirably have a cur-
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vature in completely unstressed configuration of -

a radius of about 16 feet with the pitch of the
spiral being about nine inches for a four and
one-half inch diameter drill pipe. The drill guide
18 ig adapted to be forcibly flexed to less than
its normal curvature to permit of its introduc-
tion into the vertical well bore indicated at 21,
the forcible flexing of the drill guide 18 to this
lesser curvature being adequate to store suffi-
cient potential energy therein to force the guide
and the rotating drill bit (9 from the existing
bore in the desired oriented direction, similar
to the method set forth in some detail in my
United States Patent 2,336,338.

While the equipment thus far described in this
specification is highly effective for the drilling

of curved bores deviating from existing vertical &

well bores in many types of formation, caution
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must be employed in the handling of the appa- ’

ratus so as to avoid imposition of too great weight
on the drill bit. In the practical operation of
rotary drilling equipment, however, oftentimes
through inadvertence, miscalculation or other-
wise, greater weight is imposed on the drill bit
than can be accommodated by previously de-
scribed apparatus with the result that the flexible
nonresilient drive member 13 is caused to buckle
at one or more of its joints formed by the inter-
meshing dovetailed teeth 16. Such buckling
creates a rather sharp angle with the hardened
edges of the adjacent sections constituting real
cutting or shearing instrumentalities which bite
into and cut out a V-shaped groove in the for-
mation which tends to lock the apparatus against
further downward movement and presents so
much friction to the rotation of the apparatus
as to sometimes result in the severance thereof
through twisting off or breaking of some of the
intermeshing dovetailed teeth 16 of the flexible
drive meraber {3. To obviate this buckling action
I have, pursuant to the present invention, en-
cased the flexible nonresilient drive member for
that portion thereof which projects above the
normally curved resilient drill guide (8 with a
stabilizer tube 22, the lower end of which may
desirably be helically slotted as indicated at 23
to give adequate flexibility thereto to permit the
same to assume the necessary position in the
vertical bore to facilitate the free movement of
the remaining portions of the apparatus into the
deviating bore. The upper end of the encasing
stabilizer tube 22 is preferably swaged or other-
wise forimed with an opening 24 of considerably
smaller diameter than the inside diameter of the
main portion of the stabilizer tube 22 to thus
provide the annular shoulder 25 which is adapted
to engage the upper face of the enlarged portion
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12 at the lower end of the normally rigid, tubular
drill string ti. It will be understood that the
drill string 1 { is free to move downwardly through
the opening 24 in the stabilizing tubular member
22. When, however, the drill string (i is drawn
upwardly the enlarged portion [2 engages the
shoulder 25 and the tubular stabilizer member 22
will be drawn upwardly with the apparatus.

Tt will be noted that the exterior diameter of
tubular stabilizer member 22 is substantially
greater than the exterior diamefer of the nor-
mally curved, resilient drill guide 18 as more
particularly indicated at the lower end 28 of the
tubular stabilizer member 22. The arrangement
is such that when the bit 18 and the normally
curved, resilient drill guide {8 have passed into
a deviating bore such as 27 (Figure 2) the shoul-
der 26 of the tubular stabilizer member 22 is
adapted to lodge against the formation at the
point of juncture of the deviating curved bore 21
with the vertical bore 2i. Because the curved
bore 27 is of less diameter than the exterior diam-
eter of the tubular stabilizer member 22, the lat-
ter will not pass into the curved deviating bore 21
but will be held in the position substantially
shown in Figure 2. The normally rigid, tubular
drill string i1 will pass down through the open-
ing 24 and the flexible nonresilient drive member
{3 will be fed downwardly through the tubular
stabilizer member 22, the curved lower end of
which may assume substantially the configura-
tion shown in Figure 2, allowing the flexible non-
resiiient drive member I3 to advance into the
curved bore while the lower end thereof rotates
within the normally curved, flexible, resilient drill
guide {8. The tubular stabilizer member 22 func-
tions to prevent unwanted buckling of the
fexible drive member {3 and maintaing the latter
in substantially straight form in the vertical bore
while facilitating ease of rotation thereof,

If desired, antifriction means may be inter-
posed between the tubular stabilizer member 22
and the flexible drive member 13 to further facili-
tate ease of rotation thereof.

Inasmuch as the curved bore 27 is of much
less diameter than the vertical bore 21 of the
existing well, no objectionable buckling of the
flexible nonresilient drive member (3 can occur
in the curved bore since the walls of the latter
serve in and of themselves to stabilize the flexible
drive member.

If desired, the tubular stabilizer member 22
may be made up of several sections intercon-
nected as indicated at 2T’ in Figure 3. In Fig-
ure 4 the stabilizer member 22 is illustrated as
made up of a series of interconnected sections
only the lower one of which is provided with a
helical slot 23 to give the necessary flexibility
thereto. An enlarged stop ring 28 which may
take the form of a pipe coupling is desirably
positioned in the drill string 11 a distance above
the annular enlargement {2 approximately equal
to the over-all length of the flexible drive mem-~
ber [3. The stop ring 28 thus functions to limit
upward movement of the tubular stabilizer mem-
ber 22. Normally, the weight of the tubular sta-
bilizer member 22 will be adequate to keep the
same in its lowermost position during insertion
of the apparatus into a well bore, that is, with
the shoulder 25 in engagement with the enlarged
portion 12. If, for any reason such as contact
with the wall of a crooked well bore, the tubular
stabilizer member 22 is temporarily pulled up-
wardly on the drill string 11 its upward
movement will be limited by the stop ring 28
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and as soon as the frictional contact with any
irregularity in the vertical bore has bheen passed,
the weight of the member 22 will again return it
to its normal position with the shoulder 25 in
engagement with the enlarged portion {2. In this
way it is possible to stabilize a very substantial
length of flexible nonresilient drive gection of the
apparatus against undesired buckling under all
conditions of operation.

Having thus described my invention, what I
claim is:

1. An apparatus for drilling eurved deviating
bores from existing vertical well bores comprising
a combination unit adapted to be suspended from
the lower end of a conventional rotary drill
string, said unit embracing a flexible sectional
metallic tubular nonresilient drive member,
means for connecting the upper end of said drive
member to the lower end of a rotary drill string
to rotate in unison therewith, a drill bit carried
at the lower end of said drive member for rota-
tion thereby, a normally curved flexible resilient
helically slotted metallic tubular drill guide sur-
rounding a substantial portion of said drive mem-
ber extending immediately above said drill bit
and a separate tubular stabilizer member sur-
rounding a further portion of said drive member
and extending for a substantial distance above
said drill guide, said drill guide being free to
advance with said bit upon projection of said
drive member through said stabilizer member.

2. An apparatus for drilling curved deviating
bores from existing vertical well bores compris-
ing a combination unit adapted to be suspended
from the lower end of a conventional rotary drill
string, said unit embracing a flexible sectional
metallic tubular nonresilient drive member,
means for connecting the upper end of said drive
member to the lower end of a rotary drill string
to rotate in unison therewith, a drill bit earried
at the lower end of said drive member for rota-
tion thereby, a normally curved flexible resilient
helically slotted metallic tubular drill guide sur-
rounding a substantial portion of said drive nmem-
ber extending immediately above said drill bit,
a separate tubular stabilizer member surround-
ing a further portion of saig drive member and
extending for a substantial distance above said
drill guide, the inner diameter of said tubular
stabilizer member being larger than the exterior
diameter of said drive member to permit free
rotation and longitudinal movement of said drive
member therein, the exterior diameter of said
stabilizer member being greater than the exterior
diameter of said drill guide to preclude entry of
said stabilizer member into a curved deviating
bore drilled by the apparatus, said drill guide
being free to advance with said bit upon projec~
tion of said drive member through said stabilizer
member.

3. An apparatus for drilling curved deviating
bores from existing vertical well bores compris-
ing a combination unit adapted to be suspended.
from the lower end of a conventional rotary drill
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string, said unit embracing a flexible sectional
metallic tubular nonresilient drive member,
means for connecting the upper end of said drive
member to the lower end of a rotary drill string
to rotate in unison therewith, a drill bit carried
at the lower end of said drive member for rota-
tion thereby, a normally curved flexible resilient
helically slotted metallic tubular drill guide sur-
rounding a substantial portion of said drive mem-
ber extending immediately above said drill bit,
& separate tubular stabilizer member having an
upper relatively rigid seetion and a lower rela-
tively flexible section surrounding a further por-
tion of said drive member and extending for a
substantial distance above said drill guide, the
inner diameter of said tubular stabilizer member
being larger than the exterior diameter of said
drive member to permit free rotation and longi-
tudinal movement of said drive member therein,
the exterior diameter of said stabilizer member
being greater than the exterior diameter of said
drill guide to preclude entry of said stabilizer
member into a curved deviating bore drilled by
the apparatus, said drill guide being free to ad-
vance with said bit upon projection of said drive
member through said stabilizer member.

4. An apparatus for drilling curved deviating
bores from existing vertical well bores compris-
Ing a normally curved flexible resilient helically
slotted drill guide, a flexible nonresilient tubular
drive member rotatable within and extending a
substantial distance above said normally curved
resilient ‘drill guide, a drill bit carried at the
lower end of said flexible nonresilient tubular
drive member, means for connecting the upper
end of said fiexible tubular drive member to the
lower end of a substantially rigid rotatable drill
string, a tubular stabilizer member surrounding
a portion of the flexible nonresilient tubular drive
member above said normally curved resilient drill
guide, said tubular stabilizer member being con-
structed to permit projection of the flexible non-
resilient drive member downwardly therethrough,
the exterior diameter of said tubular stabilizer
member being substantially greater than the ex-
terior diameter of the said normally curved drill
guide to provide a shoulder at the lower end of
said tubular stabilizer member adapted to pre-
vent entry of said stabilizer member into a
curved deviating bore drilled by the apparatus,
said drill guide being free to advance with said
bit upon projection of said drive member through
said stabilizer member.

JOHN A. ZUBLIN.
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