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DRILLING APPARATUS

This invention relates to drilling apparatus, and particularly
to drilling apparatus wherein the drill bit is powered by a
downhole motor through a novel two-stage planetary gear
reduction.

Normally, wells are drilled using steel drill pipe for support-
ing and rotating a drill bit, power for rotation being obtained
at the ground level through a rotary table and kelly. However,
as illustrated in U.S. Patents No. 2,892,535; No. 2,915,323;
No. 2,989,980; No. 3,004,779; No. 3,232,362 No. 3,285,629
and No: 3,291,230, it is now possible to construct a flexible
drilling hose and apparatus for handling same so that the flexi-
ble hose takes the place of the former steel drill pipe. When
such flexible hose is used, the drill bit is rotated by a motor, or
other power source, located in the well bore. in proximity to
the drill bit. In such a drilling apparatus it may be desirable to
provide gear-reduction means between the motor and the drill
bit so that the motor may operate at a speed. substantially
greater than the bit to economically provide the torque neces-
sary for operating the drill bit. )

It is, therefore, an object of the present invention to provide
such a drilling apparatus including. novel gear-reduction
means capable of transferring large torques within a relatively
small diameter with minimal deflection.

Another object is to provide such an apparatus which is
capable of transferring the substantial torque generated by the
motor to a drill bit operating at a speed substantially less than
that of the motor. )

A further object is to provide a two-stage planetary gear-
reduction which includes means for preventing - outward
deflection of the planet gear shafis and excessive planet gear
bearing loads under heavy torque loading.

These and other objects and advantages of the invention
will become apparent from the drawings, the specification and
the claims.

In the accompanying drawings which illustrate the preferred
embodiment of the present invention, and wherein like nu-
merals indicate like parts:

FIG. 1 is a view in elevation schematically illustrating the
drilling apparatus of the present invention;

FIG. 2A and FIG. 2B together form a view in section of the
two-stage gear-reduction means of the drilling apparatus of
the present invention;

FIG. 3 is a cross-sectional view taken on line 3—3 of FIG.
2A; and

FIG. 4 is a cross-sectional view taken on line 4—4. of FIG.
2A.

In the drawings, the letter “*A” designates generally the well
drilling apparatus of this invention which is adapted to be
disposed in a hole for the drilling of an oilwell or the like. As
schematically illustrated in FIG. 1, the apparatus A includes a
flexible drill string 10 extending upward to the surface and
supporting near its lower end suitable drill collars DC .and a
motor M for driving the drill bit B to drill the well. The motor
M, which is preferably an AC electric motor, is inter-con-
nected with the drill bit for imparting rotation thereto and for
accomplishing such drive a slip clutch SC, a gear-reduction G,
and -a shock absorber S are included in the connection
between the motor and the bit. By reason of the present inven-
tion, the gear-reduction G permits the torque developed by
the motor M to be multiplied and transferred to the drill bit B
operating at a substantially slower speed. The preferred form
of the gear-reduction G is illustrated in FIGS. 2A through 4.

The gear reduction has an outer housing 12 and an inner
housing 14 which may be in multiple sections threadedly con-
nected as at 16. The annular space 17 between the two hous-
ings permits the flow of drilling fluid past the gear-reduction
mechanism to the drill bit below. O-ring seals 18 prevent the
entry of fluid through the threaded connections 16 into the
gear mechanism.

Within the inner housing 14 is disposed a first sun shaft 20,
which is radially aligned within the housing by roller bearings
22 and has on its upper portion splines 24 to facilitate driving
of the sun shaft 20 by the motor M through slip clutch SC.
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A first sun gear 26 is provided on the first sun shaft 20,
preferably by forming the lower end of the sun shaft into the
desired sun gear configuration. A first ring gear 28 is integrally
formed into housing 14 opposite sun gear 26.

A plurality of first planet.gears 30 are disposed between the
first sun gear 26-and first ring gear 28. As shown in FIG. 4, five
such planet gears are provided rotatably mounted on first
planet shafts 32.

Support means for supporting the first planet shafts 32 are
provided in the form of a first planet carrier assembly in-
dicated generally at 34, integrally formed onto a second sun
shaft 36. The planet carrier assembly 34 comprises two annu-
lar discs' 38 and 40 joined by five ribs 42. As shown most
clearly in FIG. 4, the ribs 42 are of approximately triangular
cross-sectional configuration- so -that they can’ be accom-
modated between the planet gears 30. The. first planet shafts
32 have their ends journalled in the discs 38 and 40. As shown
in FIG. 3, planet shafts 32 are locked against rotation relative
to the discs by keepers 44-which are bolted onto the annular
disc 38; and which engage notches in the shafts 32 The annu-
lar disc 40 is integrally formed onto second sun shaft 36 which
is co-axial with the first sun shaft 20 and is adapted to rotate at
a speed-less than that of the first sun shaft. Thrust and radial
alignment roller bearings 74 keep the second sun . shaft
properly aligned within housing 14.

A second sun. gear 45 is formed on the lower. end of sun
shaft 36, and a second ring gear 46 is integrally formed into
housing 14 opposite sun gear 45. A plurality of second planet
gears 48 are disposed between the second sun gear 45 and
second ring ‘gear 46. Again, five such planet gears 46 are
rotatably mounted on second planet shafts 50.

In the preferred embodiment, the first gear-reduction stage
is 4 to 1'so that second sun shaft 36 rotates at % the speed of .
first sun shaft 20. This 4 to 1-speed reduction results concomi-
tantly in the torquie loading on sun shaft 36 being four times as
great as that on sun shaft 20.

The second gear-reduction stage:is also 4 to 1 so that there
isa4to | decrease in speed of rotation and a | to 4 increase in
torque between second sun shaft 36 and the output shaft 52,
This results in an overall speed reduction of 16 to 1 between
the: first sun shaft 20 and the output shaft 52, and' a cor-
responding 1 to-16 increase in torque between the same two
shafts. It is preferable to provide additional gear contact sur-
face for transferring the greatly increased torque through the
second reduction stage to.the output shaft 52. Since the gear-
reduction G, like any downhole tool, is severely limited in
diameter, this additional gear contact surface is preferably
provided by increasing the length of the various gears in'the
second reduction stage. Thus, as shown in FIG. 2B, the sun,
ring and planet gears comprising the second reduction stage
are of substantially greater length than those of the first reduc-
tion stage.

If the second planet gears 48 were merely longer than the
first planet gears 30 and their planet shafts 50 were supported
only at each end, there ‘would be substantial danger of the
planet shafts 50 undergoing excessive and undesirable out-
ward deflection. This deflection problem is solved in the gear-
reduction of the :present invention by having each second
planet gear 48 divided into two or more coaxial sections
mounted on ‘the second planet shafts and supporting the
second planet shafts at each end of each coaxial section. This
results.in the second planet shafts having an unsupported span
which is no longer than that of the first planet shafts. Con-
sequently, the second planet shafts ‘will have less ‘outward
deflection than if they were supported only at their-ends.

With the combined length of the coaxial sections compris-
ing the second planet gears being substantially greater than
the length of the first planet gears, the second planet gears can
transmit a substantially greater amount of torque than the first
planet gears, while the provision of support means for support-
ing the second planet shafts at each end of each coaxial sec-
tion prevents excessive outward defléction. Sectioning the
second planet gears also provides an additional advantage in
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that if the increased torque causes the longer sun gear 45 to
twist slightly about its axis, the distortion will be divided
among the several coaxial sections and will consequently be of
less effect that it would on a single long planet gear.

Thus, as shown in FIG. 2B, each of the second planet gears
48 is composed of two coaxial sections 484 and 48b rotatably
mounted on the second planet shafts 50. Each of the sections
48a and 48b is approximately as long as the first planet gears
30, so that each second planet gear 48 has a total effective
length approximately twice that of each first planet gear.
Second support means for supporting the second planet shafts
50 at each end of each coaxial section are provided by a
second planet carrier assembly §3. The second planet carrier
assembly comprises three annular discs 58, 60 and 62 joined
by five triangular ribs 54. The second planet shafts §0 are jour-
nalled in all three discs with the two end discs 58 and 62 sup-
porting the ends of shafts 50, and the middle disc 60 support-
ing the shafts 50 intermediate the two sections 484 and 48b of
each second planet gear 48. The middle disc 60 thus provides
additional support to prevent outward deflection of the
second planet shafts 50 and more evenly distributes the load
on the planet gear bearings. Keepers 66 on disc 62 lock the
planet shafts against rotation relative to the discs. The first
disc 58 is formed integrally with and rotates with the output
shaft §2 which is coaxial with the second sun shaft 36 and
rotates at a speed less than that of sun shaft 36. Roller bearings
68 and axial alignment and thrust bearings 70 keep the output
shaft properly aligned within housing 14. Splines 72 are pro-
vided on the lower ends of output shaft 52 to facilitate the
driving of the drill bit below through the intermediate shock
absorber S. Oil conduits 76 are provided for circulating
lubricating oil throughout the gear mechanism.

The foregoing disclosure and description of the invention is
illustrative and explanatory thereof, and various changes in
the size, shape and materials, as well as in the details of the il-
lustrated construction, may be made within the scope of the
appended claims without departing from the spirit of the in-
vention.

What is claimed is:

1. A drilling apparatus comprising;

a flexible drill string;

a motor supported by said drill string;

two-stage gear-reduction means driven by said motor;
and

a drill bit driven by said gear-reduction means;
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said two-stage gear-reduction means comprising;

a housing;

first and second ring gears in said housing,

a first sun shaft driven by said motor,

a first sun gear on said first sun shaft,

a plurality of first planet gears disposed between said first
sun gear and said first ring gear,

said first planet gears rotatably mounted on first planet shaft
means,

first support means for supporting said first planet shaft
means, ) '

said first support means carried by a second sun shaft coaxi- .
al with said first sun shaft and adapted to rotate at a speed
less than that of said first sun shaft,

asecond sun gear on said second sun shaft,

a plurality of second planet gears disposed between said
second sun gear and said second ring gear,

each second planet gear being composed of two or more
coaxial sections,

said second planet gears rotatably mounted on second
planet shaft means,

second support means for supporting said second planet
shaft means at each end of each coaxial section,

said second support means carried by an output shaft coaxi-
al with said second sun shaft and adapted to rotate at a
speed less than that of said second sun shaft,

the combined length of said coaxial sections comprising said
second planet gears being substantially greater than the

length of said first planet gears, .
thus permitting said second planet gears to transmit a sub-

stantially greater amount of torque than said first planet
gears, while the second support means supporting the
second planet shaft means at each end of each coaxial
section prevents excessive outward deflection of said
second planet shaft means.

2. A drilling apparatus according to claim 1, wherein the
ratio of speed reduction through said first reduction stage is
approximately equal to the ratio of speed reduction through
said second reduction stage, and the total longitudinal dimen-
sion of each said second planet gear is approximately twice the
longitudinal dimension of each said first planet gear.

3. A drilling apparatus according to claim 1 wherein each
said second planet gear comprises at least two coaxial sec-
tions.
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