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[57] ABSTRACT

A turbodrill for drilling wells, provided with a mecha-
nism for reducing the rotation speed of the bit made in
the form of a friction speed reducer wherein the rotors
function as the inner wheel while the turbodrill stators
function as the outer wheel. The speed reducer carrier
accommodates rolling elements between the stators
and rotors, said elements rolling during rotor rotation
under the effect of the contact forces of friction.

19 Claims, 12 Drawing Figures
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1
TURBODRILL

The present invention relates to hydraulic motors for
drilling wells in the prospecting for or production of oil,
gas and other mineral resources, and more particularly
it relates to turbodrills.

Known in the art is a turbodrill for drilling wells com-
prising a casing with immovably-mounted stators
whose vanes form passages for the flow of the flushing
fluid, and rotors whose vanes are directed contrary to
the stator vanes so that the rotor which, jointly with the
stator, forms a turbine stage, rotates relative to the sta-
tor; in addition, the known turbodrill includes a shaft
installed on a rolling-contact bearing.

During operation of this turbodrill the shaft rotates at
high speeds (400 - 800 rpm), driving a rock-breaking
tool, for example, a roller bit.

Operation of roller bits at high speeds reduces pene-
tration per bit; also, taking into account the fact that
the lowering and hoisting operations in deep wells take
a considerable proportion of the working time, drilling
at such speeds becomes impracticable.

Known in the art are designs of turbodrills wherein
the bit rotation speed is reduced by a mechanical gear-
type speed reducer. -

In a number of desxgns the gear-type speed reducer
is accommodated in an oil-filled space provided with an
oil-protection system. The drilling motors of this type
are difficult to manufacture and unreliable..

In addition there are drilling motors with exposed
gear-ype speed reducers, i.e. reducers operating in the
flushing fluid. These motors are simpler than the oil-
filled ones though the exposed gear reducer has a very
short service life due to high unit loads and the effect
of an abrasive medium, i.e. the flushing fluid.

An object of the present invention resides in elimi-
nating the aforesaid disadvantages.

The main object of the invention is to provide a tur-
bodrill of a simple design which will ensure dependable
operation of rock-breaking tools at rotatlon speeds
characteristic of rotary drilling.

There is hereby .disclosed a turbodrill for drilling
wells, including a casing with stators whose vanes form
guide passages for the flushing fluid, and rotors whose
vanes are directed contrary to the stator vanes so that
the rotor which, together with the stator, forms a tur-
bine stage and rotates relative to the stator; Also, the
turbodrill of the present invention includes.a shaft in-
stalled on a rolling-contact bearing and a mechanism
for reducing the rotation speed of the bit. According to
the invention, the mechanism for reducing the rotation
speed of the bit is made in the form of a friction speed
reducer whose inner wheel is constituted by said rotors
while the outer wheel is formed by said stators, the roll-
ing elements located between the stators and rotors in
the carrier of the speed reducer being rolled during ro-
tation of the rotor by the contact forces of friction.
Apart from the rotor, at least one of the two turbodrill
elements, i.e., the shaft or the stator, is also rotatable.

Such a solution of the problem gives a simple and
compact design of turbodrill with a mechanism for re-
ducing the rotation speed of the bit comprising, apart
from the carrier with the rolling elements, the basic
parts of the turbodrill, i.€., the rotor, stator and shaft.

Advantageously the turbodnll casing is connected
rigidly with a nonrotatable string of drill pipes and the
shaft and rotor rotate relative to each other.
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This will allow the turbodrill realized in accordance
with the present invention to be used with a conven-
tional layout of drilling tools: drill pipes, a turbodrill, a
supporting unit of the turbodrill (spindle) transmitting
the weight of the drill pipes on the bit, and a bit.

It is likewise preferred that the shaft be connected
rigidly with the nonrotatable string of pipes and that the
stator and rotor should rotate relative to each other.

This will extend the life of the speed reducer and
yield a number of technical advantages, viz., an in-
crease in the flywheel moment of the turbodrill, better
cleaning of the well bottom of the drilled-out rock by
ehmmatmg the leaks of the flushing fluid from the tur-
bodrill in the zone of the bit, and a reduction in the
curving of the well while drilling steep seams.

Itis preferred that each stage of the turbine comprise
a carrier with rolling elements.

This will ensure uniform distribution of the load
among the rolling elements and reduce their loading
thus improving considerably the efficiency of the speed
reducer operating in the flushing fluid.

It is practicable that the carrier with the rolling ele-
ments should be located under the rotor vanes of a tur-
bine stage.

This will allow the carrier to accommodate the roll-
ing elements of a maximum possible size, thus increas-
ing the torque transmitted to the bit.

It is preferred that the carrier with the rolling ele-
ments should be located between the stator and rotor
vanes, and the shaft; this will guarantee a high effi-
ciency and reduce the length of the turbodrill.

For transmitting the torque, it is possible to provide

_the carrier with a hub and connect the latter with at
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least one of the two elements — shaft and rotor — of
the below-located turbine stage. ‘

For transmitting the torque to the shaft it is preferred
that the hub of each carrier be connected to the shaft
with a provision for relative axial motion of the hub and
shaft; this will ensure independence of the contact
forces of friction arising between the rolling elements
on the one hand and the stator and rotor on the other,
from the axial motions of the shaft.

It is also preferred that at least every other hub of the
carrier along the turbodrill length be connected to the
rotor of the below-located stage which will increase-the
speed ratio of the reducer.

It is preferred that the rotor and stator be provided
with raceways for the rolling elements and that the
raceway of the rotor be located above that of the stator
so that the down-ward-directed axial force will press
the rolling elements against the raceways thus produc-
ing contact forces of friction between the rolling ele-

. ments and the raceways, said forces ensuring the trans-
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mission of torque to the bit this will provide the re-
quired force which presses the rolling elements against
the raceways for transmitting the torque due to the
axial force arising on the rotor due to the pressure dif-
ferential.

It is preferred that a sealing ring be installed between
the carrier hub and the rotor for increasing the force
with which the rolling elements are pressed against the
raceways of the rotor and stator.

It is preferred that the rotor and stator be provided
with rings which serve as their extensions along the tur-
bodrill axis and have raceways for the rolling elements.

It is also preferred that the rings of the the rotor and
stator as well as the carrier with the rolling elements be
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located under the turbodrill turbine. This will step up
the turbodrill efficiency and simplify its design.

It is also preferred that the rings of the stator and
rotor with the raceways, and the carrier with the rolling
elements be located above the turbodrill turbine. This
will also simplify the design and increase the efficiency

of the turbodrill.
It is preferred that the raceways of the rotors and sta-

tors be of a concave shape; this will prevent the rolling
elements from running off the raceways and from fall-
ing out of the carrier sockets and will improve the con-
tact between the rolling elements and the raceways.

It is also preferred that the raceways of the stator
have a tapered shape; and advantage of such raceways
lies in the simplicity of their manufacture and in the
constancy of the contact forces of friction between the
raceways and the rolling elements when the latter be-
come worn. '

It is preferred, for increasing the force with which the
rolling elements are pressed against the raceways of the
rotor and stator, that the latter be able to move axially
relative to the turbodrill shaft.

It is preferred, for producing an optimum force of
friction between the rolling elements and the raceways
of the stator and rotor that their vanes have a propeller
shape; such a shape of the vanes will make it possible
to automatically increase the force with which the roll-
ing elements are pressed against said raceways to suit
an increase of the torque on the bit.

It is preferred that the carrier have sockets for the
rolling elements, said socket being provided with re-
movable bushings coated with an elastic material.

Due to but a slight force of friction between the roll-
ing elements and the elastic material (rubber) in the
flushing fluid, the efficiency and life of the friction
speed reducers are increased while the provision of re-
placeable bushing simplifies the reducer repairs.

It is also preferred that the rolling elements have the
shape of balls. This will ensure uniform wear of the roll-
ing elements and rule out any troubles in the reducer
kinematics in the course of turbodrill operation.

This invention has provided a turbodrill of a simple
design, with reliable functioning of the rock-breaking
tools at speeds which are characteristic of rotary dril-
ling. _ .
Now the invention will be made more apparent by
way of examples and the accompanying drawings in
which:

FIG. 1 is a longitudinal schematic section of the tur-
bodrill according to the invention;

FIG. 2 is a section through the stator and rotor vanes
of a turbine stage around the circumference, on a
plane; )

FIG. 3 is a longitudinal section of a turbodrill turbine
stage with the carrier and rolling elements arranged
under the rotor vanes;

FIG. 4 is a diagram showing the arrangement.of the
- raceways in the stator and rotor rings;

FIG. 5 is a longitudinal schematic section of the tur-
bodrill according to the invention, with a rotatable cas-
ing; ‘ ‘

FIG. 6 is a longitudinal section of a turbodrill turbine
stage wherein the carrier with rolling elements is lo-
cated between the vanes of the stator and rotor, and the
~ shaft.

FIG. 7 shows the turbine stage with a sealing ring in-
stalled between the carrier hub and the rotor;

10

15

20

25

30

35

40

45

50

65

4

FIG. 8 is a longitudinal schematic section through a
portion of the turbodrill according to the invention.
with a two-stage speed reducer;

FIG. 9 is a longitudinal schematic section of the tur-
bodrill with a rotatable shaft wherein the carrier with
the rolling elements is located under the tirbodrill tur-
bine;

FIG. 10 is a longitudinal schematic sectiori of the tur-
bodrill with a rotatable casing wherein the carrier with
the rolling elements is located above the turbodrill tur-
bine;

FIG. 11 is a longitudinal section of the turbodrill tur-
bine stage with a stator capable of axial motion;

FIG.12 is a chart showing the effect of the rotation
speed of a propeller turbine on the values of torque and
pressure differential.

Shown in FIG. 1 is one of the versions of the turbo-
drill realized in accordance with the present invention.
The turbodrill comprises a shaft 1 mounted on a roll-
ing-contact bearing 2, a casing 3 with stators 4 secured
in it, rotors 5 which, together with the stators 4, form
stages 6 of which the turbine.7 is made, a mechanism
for reducing the rotation speed of the bit 8 made in the
form of a friction speed reducer 9 which includes the
stators 4 functioning as the outer wheel of the speed re-
ducer 9, the rotors 5 functioning as the inner driving
wheel of the speed reducer and of the carriers 10 lo-
cated between said wheels and accommodating rolling
elements in the form of balls 11.

The stators 4 are provided with vanes 12 (FIG. 2)
which are inclined to the plane which is perpendicular
to the turbodrill axis, and form guide passages 13 for
the flow of the flushing fluid. -

The vanes 14 of the rotor 5 are directed contrary to
the vanes 12 of the stators 4 due to which the rotors 5
rotate relative to the stators 4 when the fluid is in mo-
tion.

The stators 4 and rotors 5 are provided with raceways
15 and 16, respectively, (FIG. 3) of a concave shape.

‘The raceways 15 and 16 are provided for the balls 11

which are rolled by the rotating rotors 5, the raceway
16 of the rotor 5 being located higher than the raceway
15 of the stator 4. The line passing through points A
and B (FIG. 4) where the ball 11 contacts the raceways
15 and 16 forms an angle 8 with the plane perpendicu-
lar to the turbodrill axis so that the downward-directed
hydraulic axial force P shown by an arrow presses the
balls 11 against the raceways 15 and 16 at points A and
B which produces the contact forces of friction be-
tween the balls and the raceways of the stator and ro-
tor, these forces transmitting the rotor torque to the bit
8 via the friction speed reducer 9.

The bit 8 is connected by means of a screw thread via
the supporting unit 17 (FIG. 1) to the shaft 1 with
which the carriers 10 of the speed reducer 9 are con-
nected. - .

To reduce the loading of the balls 11 and to distribute
this loading uniformly, the carrier 10 with the balls 11
is provided in each stage 6 of the turbine 7. The carrier
10 with the balls 11 is placed under the rotor § which
enables the use of balls of a maximum size.

For transmitting the torque to the shaft 1, the carriers
10 of the speed reducer 9 have a hub 18 (FIG. 3). The
hub 18 of each carrier 10 of the speed reducer 9 is con-
nected to the shaft 1 by means of a key 19 with a provi-

- sion for relative axial motion of the hub and the shaft.

The key 19 fastened on the hub 18 enters the keyway
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20 of the shaft 1. This ensures independence of the
contact forces of friction beétween the balls 11 and the
raceways from the axial motions of the shaft 1.

To reduce the intervane leaks of the flushing fluid,
the hub 18 of the carrier 10 is located between the sta-
tor 4 and the shaft 1 with small radial clearances.

The balls 11 are installed in the sockets 21 of the car- .

rier 10. To reduce the wear of the sockets 21 and balls
11, and to simplify repairs, the sockets 21 are provided
with replaceable bushings 22 either coated with rubber
or made of solid rubber.

The turbodrill casing 3 has a screw thread 23 on the
top (FIG. 1) for connection to the nonrotatable string
of drill pipes. v

During operation, the rotation speed transmitted by
the speed reducer 9 to the bit 8 diminishes and the
torque increases by a value equal to the speed ratio of
the reducer. This provides for the operation of the bit
at optimum speeds, thereby stepping up substantially
the efficiency of drilling.

The basic idea of the turbodrill design dislosed above
can be used for other versions of the turbodrill with a
speed reducer, illustrated in FIGS. 5§ through 11.

Shown in FIG. 5 is one of such versions of the turbo-
drill, here, unlike the turbodrill shown in FIG. 1, the
supporting unit 17 is connected rigidly with a nonrotat-
able string of drill pipes. In this case, the bit 8 is con-
nected through an adapter 24 by means of the screw
thread to the lower part of the casing 3. In this version
of the turbodrill the shaft I and the carriers 10 of the
speed reducer 9 connected to it do not rotate while the
casing 3 rotates together with the stators 25 mounted
on it. The stator 25 and rotor 26 rotate in opposite di-
rections. To obtain regular (R.H.) rotation of the bit 8,
the profile of the vanes 27 of the stator 25 is made simi-
lar to that of the vanes 14 of the rotor 5 (FIG. 2) while
the profile of the vanes 28 of the rotor 26 is made simi-
lar to that of the vanes 12 of the stator 4. Other parts
and units of the turbodrill illustrated in FIG. 5 are iden-
tical with those of the turbodrill shown in FIG. 1. ~

During operation of this turbodrill, part of the power
produced by the turbine 29 of the turbodirill is transmit-
ted to the bit 8 via the casing 3 directly from the stators
25 while the rest of it is transmitted to the bit via the
friction speed reducer 30 and casing 3 from the rotat-
ing rotors 26.

Inasmuch as the carriers 10 of the speed reducer 30
do not rotate, the speed ratio of the speed reducer will
be decreased by a unity. For example, at a speed ratio
of 2, the speed reducer will transmit only two thirds of
the power produced by the turbodrill turbine. The re-
maining part of the power, as stated above, will be
transmitted to the bit directly from the stators. The
total power on the bit, all other conditions being equal,
will be the same as in the tubodrill illustrated in FIG.
" 1. The degree of reduction of the bit rotation speed and
the increase in the torque on the bit will also remain un-
changed since, due to the opposite direction of rotation
of the stator 25, the rotor 26 will rotate with a corre-
spondingly lower speed relative to the stationary shaft
while the stator and rotor torques will be added on the
casing 3 of the turbodrill. Thus, if the speed ratio of the
speed reducer 26 is 2, the rotation speed will decrease
and the torque on the bit will increase three times.

Due to a reduction of the relative rotation speed of
the rotor, the slipping speed of the ball over the carrier
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will also decrease which is quite an important factor for
reducing the wear of the carriers and balis.

Apart from extending the life of the speed reducer
30, the turbodrill with a rotating casing has a number
of other advantages. Thus, the flywheel moment of the
turbodrill . is ‘increased, cleaning of the well bottom
from the drilled-out rock is improved due to absence of
leaks of the flushing fluid, and curving of the well dur-
ing drilling of steep seams is also reduced. All these fac-
tors, taken together, improve the efficiency of the tur-
bodrill with rotatable casing.

In FIG. 6 appears a version of the turbodrill wherein
the carrier 31 with balls 32 is located between the
vanes 33 of the stator 34, vanes 35 of the rotor 36, and
the shaft 37. The carrier 31 is coupled to the shaft 37
by means of a key 38. Such a design of the turbodrill
raises the efficiency of its turbine and diminishes its
axial length. An increased number of the balls in each
carrier 31 extends the life of the speed reducer. This
version is most practicable for large-size tubodrills
(7%’ and over).

In FIG. 7 there is shown a turbodrill for increasing
the force with which the balls 39 are pressed against the
raceways 40 and 41, the shaft 45 carries a square-
sectioned sealing ring 46 of an elastic material, e.g.,
rubber, installed between the hub 42 of the carrier 43
and the rotor 44. The sealing ring 46 is installed on the
shaft with a small interference and its face contacting
the rotor has radial channels for lubrication and thus
decreasing the force of friction between said ring and
the rotor 44. The additional hydraulic axial force trans-
mitted to the rotor 44 is equal to the area of the sealing
ring 46 times the sum of the pressure differential in the
stator 47, balls 3% and carrier 43, which ensures opera-
tion of the friction speed reducer without slipping in
case of vibrations originated while drilling hard rocks.

Another distinctive feature of the turbodrill illus-
trated in FIG. 7 lies in the fact that the raceways 40 and
41 are made in the ring 48 of the stator 47 and ring 49
of the rotor 44, said rings being extensions of said stator
and rotor. The ring 48 of the stator 47 is clamped to-
gether with the stator in the casing 3 whereas the ring
49 of the rotor 44 is a stationary fit on the rotor. This
offers convenience in manufacturing and repairing the
turbodrill.

FIG. 8 shows another version of the turbodrill
wherein the speed ratio of the speed reducer is in-
creased by connecting the hub 58 of the carrier 51 with
the rotor 52 of a lower stage 56 by a coupling 53. In this
case the friction speed reducer becomes a two-stage
unit wherein the second stage of the reducer 54 is con-
stituted by a speed reducer 55 of the lower turbine
stage 56. The hub 57 of the carrier 58 in the lower tur-
bine stage 56 is connected to the shaft I by a key 5§9.
The two-stage design of the speed reducer 54 makes it
possible to square the speed ratio of the reducer. For
example, if the speed ratio of one reducer stage is 3, the
speed ratio of the two-stage reducer will be 9. Such a.
design of the reducer allows the bit to rotate at speeds
characteristic of rotary drilling.

Shown in FIGS. 9 and 10 are two versions of the tur-
bodrill wherein the rings 60 of the stators 61 and. the
rings 62 of the rotors 63 serve as their extensions, and
the carrier 64 with the balls 65 are located outside of
the turbine 66 of the turbodrill. Such an arrangement
raises the turbodrill efficiency by decreasing the inter-
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vane leaks and increasing the hydraulic efficiency of
the turbine, and simplifies its design.

The turbodrill shown in FIG. 9 has a rotatable shaft
67. In such a case it is more convenient to locate the
rings 60 of the stators 61 and the rings 62 of the rotors
63 as well as the carrier 64 with the balls 65 under the
turbine 66 of the turbodrill. The stators 61 and the sta-
tor rings 60 are secured in the casing 3 connected by
a screw thread 68 to the nonrotatable drill pipes. The
rotors 63 and the rotor rings 62 are mounted on the
shaft 67. The carrier 64 of the speed reducer 69 is
made in the form of a pipe with holes 70 for accommo-
dating the balls 65 and with a coupling 71 in the lower
narrower part. The coupling 71 serves for connecting
the carrier 64 to the shaft 73 of the supporting unit 73
which, in this case, is installed under the turbodrill, and
for transmitting the torque to the bit 8. ’

The turbodrill of this design operates similarly to the
turbodrill wherein the rotor and stator rings, and the
carriers with the balls are located in each stage of the
turbine (FIG. 7).

The turbodrill illustrated in FIG. 10 has a rotatable
casing 3. The carrier 74 with the balls 65, the rings 60
of the stators 61 and the rings 62 of the rotors 63 are
located above the turbine 66 of the turbodrill. The
rings 60 of the stators 61 and the rings 62 of the rotors
63 are secured, respectively, in the casing 3 and on the
shaft 67, together with the stators and rotors. The car-

20
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rier 74 of the speed reducer 75 is made in the form of 34

a pipe with holes 70 for receiving the balls 65 and with
a coupling in the upper narrower part. The coupling 71
is provided for connecting the supporting unit 73 which
is installed in this version above the turbodrill, via the
shaft 72, to the nonrotatable string of drill pipes. The
bit 8 is connected by the adapter 24 to the lower part
of the casing 3.

The operating principle of this turbodrill is similar to
that of the turbodrill illustrated in FIG. 5.

The uniformity of loading of the balls 65 of the speed
reducers 69 and 75 in the turbodrills shown in FIGS. 9
and 1€ is achieved by a high manufacturing accuracy
of the rings 62 of the rotor 63, of the carriers 64 and
74 and by the subsequent working-in of these parts
complete with the balls 65.

The rings 60 of the stator 61, the rings 62 of the rotor
63 and the carrier 64 with the balls 65 can also be ac-
commodated in a separate casing.

Shown in FIG. 11 is still another version of the turbo-
drill; here, the raceway 76 of the ring 77 of the stator
78 is of a tapered shape which simplifies the manufac-
ture and ensures constant contact friction forces in
case of wear of the balls 11, while the raceway 76 of the
rotor 79 is made concave.

A reduction in the wear of the balls is achieved in the
first place by absence of their slipping over the race-
ways. The possxblhty of this slipping is reduced, in par-
ticular, by increasing the force with which said balls are
pressed against the raceways. One of the methods of
increasing this force is the transmission to the rotor of
the axial hydraulic force arising on the stator in the
course of operation. For this purpose, the stator 78 is
of a built-up construction. The vanes 80 of the stator
78 are made separately from the stator hub 81 being
connected with the latter by a key 82, and rest on the
rotor 79 via a rubber element 83 1nstalled on the face
of the rotor 79.

35

40

45

50

55

60

65

8

However, the best solution of the problem would be
such a design wherein the force applied to the rolling
elements would be controlled automatically to suit the
changes of torque on the bit; such a solution becomes
possible if the vanes of the stator and rotor are given
the shape of a propeller.

FIG. 12 is a chart showing the effect of rotation speed
“A” vs torque M(n) and pressure differential P(n) of
the propeller turbine. It can be seen on the chart that
the increase of the torque in the propeller turbine is ac-
companied by an increased pressure differential in the
turbine which will result in the growing force with
which the balls are pressed against the raceways. It is
obvious, that automatic changes in the ball pressing
force conforming to the changes in the bit operating
conditions will cut down considerably the wear of the
balls and raceways.

Employment of the above-described technical solu-
tions has led to the working out of a simple and com-
pact design of the turbodrill with a mechanism for re-
ducing the rotation speed of the bit the latter, being
formed apart from the carriers with' the balls by the
basic parts of the turbodrill, viz., stator, rotor and shaft,
the loads in this mechanism being ideally reduced to a
minimum and uniformly distributed.

This ensures a long life and high reliability of the
speed reducer functioning-in the flushing fiuid.

The turbodrills realized in accordance with the pres-
ent invention in sizes 1% and 7% inches are success-
fully used for industrial drilling under diverse geologi-
cal conditions.

In all the regions where this invention has been put
in practice, the penetration per bit has been increased
more than twice while the interrepair intervals have
been increased by 50 — 80 percent as compared with
conventional turbodrills.

What is claimed is:

1. A turbodrill including a top portion connected
with the lower end of the string of drill pipes for receiv-
ing a flushing fluid and a bottom portion including a
member for connection with a bit, comprising:

a casing with stators secured therein, said stators in-
cluding vanes forming guide passages for passing
the flushing fluid delivered from the string of drill
pipes;

rotors in said casing having vanes directed opposite
to said vanes of the stator and so arranged that said
rotor and stator vanes form turbine stages wherein
the progressive motion of the flushing fluid is trans-
formed into the rotary motion of the rotors,

a shaft with said rotors located thereon axially in-
stalled in the casing on supports for relative rota-
tion ‘with respect to the casing;

a suporting unit for transmitting Ioads from the string
of drill pipes to the bit;

carriers including bearing means installed therein;

means for transmitting torgue from said carriers to

. said supportmg unit;

said carriers with the bearing means being so ar-
ranged between said stators and rotors as to form
a friction reducer with the latter whose inner driv-
ing wheel is said rotors and the outer wheel is said
stators and between which said bearing means roll
along during rotation of said rotors under the ac-
tion of the contact friction force developed be-
tween the bearing means, stators and rotors;
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the diameter of said inner driving wheel of the re-
ducer being smaller than that of said outer wheel
thereof, the speed of rotation of said member to
which the bit is attached reduces with respect to
the speed of rotation of said rotor; and

means for pressing said bearing means to said inner
and outer wheels of the friction reducer.

2. A turbodrill including a top portion connected

with the lower end of the string of drill pipes for receiv-
ing a flushing fluid and a bottom portion including a
member for connection with a bit, comprising:

a casing with stators secured therein, said stators in-
cluding vanes forming guide passages for passing
the flushing fluid delivered from the string of drill
pipes; ‘

rotors in said casing having vanes directed opposite
to said vanes of the stator and so arranged that said
rotor and stator vanes form turbine stages wherein
the progressive motion of the flushing fluid is trans-
formed into the rotary motion of the rotors;

a shaft with said rotors located thereon axially in-

20

stalled in the casing on supports for relative rota- -

tion with respect to the casing;

a supporting unit for transmitting loads from the
strmg of drill pipes to the bit;

carriers including bearing means installed therem,

means for transmitting torgue from said carriers to

said supporting unit;

said carriers with the bearing means being so ar-
ranged between said stators and retors as to form
a friction reducer with the latter whose inner driv-
ing wheel is said rotors, the outer- wheel is said sta-
tors and between which said bearing means roll
along during rotation of said rotors undes the ac-
tion of the contact friction force developed betwen
the bearing means, stators, and rotors;

said rotors and stators having raceways for rolling the

bearing means with the rotor raceways in an oper-
ating position located above the respective race-
ways of the stators due to which said bearing means
are pressed to said raceways under the action of
axial force directed downward and developed on
the rotors due to the course of the progressive mo-
tion of the flushing fluid through said turbine stages
thus resuiting in formation of a contact friction
force between said bearing means, stator, and rotor
raceways which ensure transmission of the torque
to the bit, the diameter of the rotor raceways being
smaller than that of the stator raceways, the speed
of rotation of said member to which the bit is at-
tached reduces with respect to the speed of rota-
tion of said rotors.

3. A turbodrill as claimed in claim 2 wherem the
force with which said bearing menas are pressed
against said raceways of the rotors and stators is in-
creased by providing the latter with a means providing
axial displacement relative to said casing for increasing
dependability of operation of said friction reducer.

4, A turbodrill including a top portion connected
with the lower end of the string of drill pipes for receiv-
ing a flushing fluid and a bottom portion for connection
with a bit, comprising:

a casing including means for connection at an upper

. end with the strmg of drill pipes;
a shaft in said casing on supports for relativé rotation
- to the casing;
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a supporting .unit for transmitting loads from said
string of drill pipes to the bit, said unit being lo-
cated in said casing and accommodating said shaft
and connecting said shaft to the bit; stators secured
in said casing, said stator including vanes forming
guide passages for receiving the flushing fluid deliv-
ered from said string of drill pipes;

rotors in said casing having vanes directed opposite
to said vanes of the stators and so arranged that
said rotor and stator vanes form turbine stages
wherein the progressive motion of the flushing fluid
is transformed into the rotary motion of the rotors;
said rotors being axially installed on said shaft to be
rotatable relative to said rotating shaft;

said rotors and stators being provided with raceways,
the raceways of the rotors in the operating position
being disposed above the respective raceways of
the stators;

carriers with bearing means installed therein ar-
ranged in each stage of the turbine between the
raceways of said stators and rotors so that said ro-

" tors thrust through said bearing means upon said
stators and form with the latter and said carriers'a
planetary friction-reducer whose inner driving
wheel is said rotors, whose outer stationary wheel
is said stators, the planetary frictionreducer wheels
including pinions comprising the bearing means,
and the driven element of said reducer being said
carriers, said carriers transmitting torque gener-
ated being provided with hubs connected to said
shaft and being axially displaceable relative to the
shaft, the diameter of said raceways of the rotors
being smaller-than that of said raceways of the sta-
tors, the speed of rotation of said carriers and the
shaft connect to the bit being reduced with respect
to the speed of rotation of said rotors. )

5. A turbodrill as claimed in claim 4 in which said
bearing means are of maximum possible diameter, said
carriers with the bearing means being arranged under
the vanes of the rotors of said turbine stages.

6. A turbodrill as claimed in claim 4 in which said
carriers and bearing means are arranged between the
vanes of said stators and rotors and said shaft for in-
creasing efficiency and keeping the turbodrill at re-
duced length.

7. A turbodrill as claimed in claim 4 wherein said ro-
tors and stators include rings which extend along the
turbodrill axis, said rings being provided with raceways
for said b bearing means.

8. A turbodrill as claimed in claim 7 wherein said
raceways of the rotors and stators have a concave
shape for improving contact of said bearing means and
alignment of said rotors.

9. A turbodrill as claimed in claim 7 wherein said
raceways of the rotor are of concave shape, and the
raceways of the stator are tapered for insuring perma-
nent action of the contact friction force during wear of
said bearing means,

10. A turbodrill as claimed in claim 7 wherein sealing
rings are located between said carriers and below said
rotors with rings being an extension of the rotors, said
sealing rings increasing the pressure on said beanng
means in said raceways.

11. A turbodrill including a top portlon is connected
with the lower end of the string of drill pipes for receiv-
ing a flushing fluid and a bottom portion connected to
a bit, comprising: .
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a casing including means adapted for connection at
its upper end with the string of drill pipes;

a shaft accommodated in said casing on supports for
rotation relative to the casing;

a supporting unit for transmitting loads from said
string of drill pipes to the bit;

said unit being located under said casing and accom-
modating said shaft and connecting the casing with
the bit;

stators secured in said casing having vanes forming
guide passages for passing the flushing fluid deliv-
ered through said string of drill pipes;

rotors in said casing having vanes directed opposite
to said vanes of the stators and so arranged that
said rotor and stator vanes form turbine stages
wherein progressive motion of the flushing fluid is
transformed into the rotary motion of the rotors,

said rotors being axially installed on said shaft for ro-
tation rotatable relative to said rotating shaft;

said rotors and stators including rings having an ex-
tension along the turbodrill axis and having race-
ways;

carriers with bearing means installed therein and ar-
ranged in each stage of the turbine between the
raceways of said rings of said stators and rotors so
that said rotors thrust through said bearing means
upon said stators with rings and form with the latter
and said carriers a planetary friction-reducer
whose inner driving wheel is said rotors with rings,
the outer stationary wheel is said stators with rings,
the planetary wheel pinions comprise the bearing
means, and the driven element of said reducer is
said carriers;

said carriers comprising means for transmitting the
torque including hubs; one part of said hubs being
connected to said shaft and being axially displaced
relative to the latter and the other part of said hubs
to increase the transmission ratio of the reducer, at
least each second hub along the length of said tur-
bodrill being connected with the rotors of said tur-
bine stages located therebelow, and friction re-
ducer being multi-stage, and the majority of the
hubs being connected with the next lower rotors
for increasing the transmission ratio of said re-
ducer.

12. A turbodrill including a top portion connected to
the lower end of the string of drill pipes for receiving
a flushing fluid and a bottom portion connected to a
bit, comprising: a casing including means for connec-
tion of its lower end with the bit;

a shaft accommodated in said casmg on supports Wlth
means for permitting the casing to be rotatable rel-
ative to the shaft; a supporting unit in said casing
for transmitting loads from said string of drill pipes
to the bit,

said unit being located above said casing accommo-
dating said shaft and connecting the latter with the
string of drill pipes; stators secured in said casmg
having vanes forming guide passages for passing
the flushing fluid delivered from said string of drill
pipes; rotors in the casing having vanes directed
opposite to said vanes of the stators so arranged
that said rotor and stator vanes form turbine stages
in the casing wherein progressive motion of the
flushing fluid is transformed into the rotary motion
‘of the rotors and stators,
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said rotors being axially installed on said shaft to be
rotatable relative to said shaft, said shaft being
fixed against rotation, said rotors and stators in-
cluding rings comprising extensions along the tur-
bodrill axis and having raceways, the raceways of
the rotors being located in an operating position
above the respective raceways of the stators;

carriers with bearing means installed therein, said
carriers being located in each stage of the turbine,
under the vanes of the rotors and between said
raceways of the rings of the rotors and stators so
that said rotors, with rings thrust through said bear-
ing means upon said stators with rings and form
therewith and said carriers a friction reducer in
which an inner driving wheel is said rotors with
rings, the outer driven wheel is said stators with
rings, the intermediate wheels are said bearing
means, and the stationary element of the reducer
is said carriers having hubs connected with said
fixed shaft, said hubs being axially displaceable
with respect to said shaft the diameter of said race-
ways of the rotor rings being smaller than that of
the raceways of the stator rings whereby the speed
of rotation of the casing coupled with the bit is re-
duced with respect to the speed of rotation of said
rotors;

sealing rings installed between said hubs of the carri-
ers and said rotors and located therebelow to incre-
aase the pressure of said bearing means onto said
raceways of the stators and rotors.

13. A turbodrill including a top portion connected to
the lower end of a string of drill pipes for receiving a
flushing fluid and a bottom portion for connection with
a bit, comprising:

a casing including means for connection at its lower

end with the bit;

a shaft accommodated in said casing on supports in-
cluding means permitting the casing to be rotatable
relative to the shaft; a supporting unit transmitting
loads from said string of drill pipes to the bit,

said unit being located above said casing and accom-
modating said shaft and connecting the latter with
the string of drill pipes;

stators secured in said casings having vanes forming
guide passages for passing the flushing fluid deliv-
ered through said string of drill pipes;

rotors in the casing having vanes directed opposite to
said vanes of the stators so arranged that said rotor
and stator vanes form turbine stages wherein pro-
gressive motion of the flushing fluid is transformed
into the rotary motion of the rotors and stators,
said rotors being axially installed on said shaft and
rotatable relative to said shaft, said shaft being
fixed relative to said casing,

said rotors and stators having raceways of which the
raceways of the rotors are located in an operative
position above the respective raceways of the sta-
tors; carriers with bearing means installed therein,
said carriers being located in each stage of the tur-
bine between said vanes of the rotors and stators
and said shaft in such a manner so that said rotors
apply thrust through said bearing means onto said
stators and form with them and said carriers a fric-
tion reducer having an inner driving wheel com-
prising said rotors, an outer driven wheel compris-
ing said stators, intermediate wheels comprising
said bearing means, and a stationary element of the
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reducer comprising said carriers having hubs con-
nected with said rotatable shaft and being axially.
displaceable with respect to said shaft;

the diameter of said raceways of the rotors being
smaller than that of the raceways of the stator and
the speed of rotation of the casing, coupled with
the bit, reduces with respect to the speed of rota-
tion fof said rotors.

14. A turbodrill including a top portion connected to
the lower end of the string of drill pipes for receiving
a flushing fluid and bottom portion connected to a bit,
comprising:

a casing including means for connection at its lower

end with the bit;

a shaft accommodated in said casing on supports in-
cluding means for permitting said casing to be ro-
tatable relative to said shaft;

a supporting unit transmitting loads from said string
of drill pipes to the bit,

said unit including means above said casing and ac-
commodating said shaft and connecting the latter
with the string of drill plpes »

stators secured in said casing having vanes formmg
guide passages for passing the flushing fluid from
said string of drill pipes; ’

rotors in the casing having vanes directed opposite to
said vanes of the stators and so arranged that said
rotor and stator vanes form turbine stages wherein
progressive motion of the flushing fluid is trans-
formed into the rotary motion of the rotors and sta-
tors, said. rotors being axially installed on said shaft
to be rotatable relative to said shaft;

said rotors and stators including rings comprising an
extension along the turbodrill axis and have race-
ways, the raceways of the rotors being located in-an
operating position above the respective raceways
of the stators;

carriers with bearing means installed therein, said
carriers with said bearing means being located in
each stage of the turbine under said vanes of the

rotors and between said raceways of the rings of

the rotors and stators so that said rotors with rings
apply thrust through said bearing means onto said
stators with rings and form with them and said car-
riers a friction in which an inner driving wheel is
said rotors with rings, an outer driven wheel is said
stators with rings, intermediate wheels are said
bearing means, and a stationary element of the re-
ducer is said carriers, said carriers are provided
with hubs for transmitting torque, one part of said
hubs being connected to said shaft and being axi-
ally displaceable relative to the latter and the other
part of said hubs to increase the transmission ratio
of the reducer, at least each second hub along the
length of said turbodrill being connected with the
rotors of said turbine stages located below, and
forming, as a result, a friction reducer which is mul-
ti-stage, and the majority of the hubs are connected
with the next lower rotors for increasing the trans-
mission ratio of said reducer.

15. A turbodrill including a top portion connected to
the lower end of the string of drill pipes for receiving
a flushing fluid and a bottom portion for connection
with a bit, comprising:

a casing including means for connection at its upper

end with the string of drill pipes;
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a shaft accommodated in said casing on supports for
relative rotation to the casing;

a supporting unit for transmitting loads from said
string of drill pipes to the bit,

said unit being located under said casing, accommo-
dating said shaft and including means for connec-
tion to the bit;

stators secured in said casing having vanes forming
guide passages for passing the flushing fluid deliv-
ered through said string of drill pipes;

rotors in said casing having vanes directed opposite
to said vanes of the stators and so arranged that
said rotor and stator vanes form turbine stages
wherein the progressive motion of the flushing fluid
is transformed into the rotary motion of the rotors,

said rotors and stators including rings having exten-
sion along the turbodrill axis and having raceways,
said rotors and rings

extending axially and secured on said shaft; carriers
with bearing means arranged between said race-
ways of the rings of said rotors and stators so that
said rotors and its rings apply thrust through said
bearings means upon said stators and its rings and
form therewith and with said carriers a planetary.
friction-reducer whose inner driving wheel com-
prises said rotors with rings, outer stationary wheel
comprises said stators with rings, planetary wheels
(pinions) comprise the bearing means, and the
driven element of said reducer comprises said car-
riers, said rings with raceqays of the rotors and sta-
tors and said carrier with the bearing means. being
located under said stages of the turbine,

said carrier having in the lower portion thereof a cou-
pling for connection to said supportmg unit and:
transmitting torque to the bit.

16. A turbodrill having a top portion connected to
the lower end of the string of drill pipes for receiving
a flushing fluid and a bottom portion connected with
the bit, comprising; '

a casing including means for connection at its lower

end with the bit;

a shaft accommodated in said casing on supports in-
cluding means permitting said casing to be rotat-
able relative to said shaft; a supporting unit trans-
mitting loads from said string of drill pipes to the
bit,

said unit including a portion located above said cas-
ing accommodating said shaft and being connected
with the lower end of the string of drill pipes;

stators secured in said casing having vanes forming
guide passages for passing the flushing fluid
through said string of drill pipes;

rotors in said casing having vanes directed opposite
to said vanes of said stators and so arranged that

- said rotor and stator vanes form turbine stages
wherein the progressive motion of the flushing fluid -
is transformed into the rotary motion of the rotors
and stators,

said rotors and stators being provided with rings
which are extensions along the turbodrill axis and
have raceways in which the raceways of the rotor
are located above the respective raceways of the
stators,

" said rotors with their rings being axially installed in
said casing and are secured on said shaft;

carriers with bearing means installed therein ar-
ranged between said raceways of the rings of said
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rotors and stators so that said rotors with rings
apply thrust through said bearing means upon said
stators with ring and form therewith and said carri-
ers a friction-reducer in which the inner driving
wheel comprises said rotors with rings, the outer
driven wheel comprises said stators with rings in-
termediate wheels comprise said bearing means,
and a stationary element of the reducer comprises
said carriers,

said rings with raceways of the rotors and stators and
said carriers with the bearing means being located
above said stages of the turbine,

said carrier having in the upper portion thereof a
coupling for connection to the lower portion of
said supporting unit for transmission of reactive
torque to the string of drill pipes.

15

20

25

30

35

40

45

50

55

60

65

16

17. A turbodrill as claimed in claim 1 wherein said
vanes of the rotor and stator of the turbine stage have
a propeller shape which ensures an optimum force of
friction between said bearing means and the raceways
of the stator and rotor for increasing turbodrill operat-
ing dependability.

18. A turbodrill as claimed in claim 1 wherein said
carrier has sockets with replaceable bushings coated
with an elastic material for receiving said bearing
means to reduce the wear of said bushings and bearing
means and facilitate maintenance.

19. A turbodrill as claimed in claim 1 wherein said
bearing means comprise balls to increase dependability

of the turbodrill operation.
* & £ k%
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