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(73) Assignee: IHC Marine and Mineral Projects A vibration generator (9) for a drilling installation comprises
(Proprietary) Limited, Cape Town a housing (16), at least one rotation body (17), a suspension
(ZA) (24) by means of which the rotation body is suspended
rotatably within the housing, the mass centre of the rotation
(21)  Appl. No.: 15/754,594 body (17) being eccentric with respect to the rotation axis of
_ the suspension, and a drive (18) for rotating the rotation
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§ 371 (c)(1), resistance and in that the rotation body comprises flow
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VIBRATION GENERATOR FOR AN
DRILLING INSTALLATION, UNDERWATER
DRILLING INSTALLATION AND
UNDERWATER DRILLING SYSTEM

[0001] The invention is related to a vibration generator for
a drilling installation, said generator comprising a housing,
at least one rotation body, a suspension by means of which
the rotation body is suspended rotatably within the housing,
the mass centre of the rotation body being eccentric with
respect to the rotation axis of the suspension, and a drive for
rotating the rotation body.

[0002] Such drilling installation is used to assemble a drill
string from drill pipes which are held in a storage. The
lowermost drill pipe is provided with a drill bit, so as to
gradually make a borehole upon rotating the drill string.
Dependent on the nature of the soil material, the drill string
advances at a certain rate. With the aim of increasing the
penetration rate of the drill string, a vibration generator is
applied. During rotation of the drill string, the vibration
generator is set in motion, whereby the effectiveness of the
drill bit is increased and the drill string advances at a higher
speed.

[0003] Various proposals for such a vibration generator
have been made, for instance in U.S. Pat. No. 4,527,637.
This prior art vibration generator has an eccentric mass
which is rotated within the housing of the generator. As long
as the drill bit is operated under normal conditions on land,
the vibration generator performs satisfactorily. However, in
the case of subsea drilling operations, the housing is to be
compensated for the outside pressure of the water body. For
this reason, the housing of the generator has to be com-
pletely filled with a fluid such as oil.

[0004] In the process of driving the fully submerged
rotating body through the oil, a large amount of energy is
consumed. After all, the eccentric shape of the rotating body
generates a high resistance with respect to the oil fill of the
housing. The object of the invention is therefore to provide
a vibration generator which is in particular suited for subsea
applications. This object is achieved in that the housing
holds a fluid which is in contact with the rotation body
whereby relative rotation between the rotation body and the
fluid generates a flow resistance and in that the rotation body
comprises flow resistance reduction means.

[0005] Upon rotating the rotating body, it is still subjected
to the influence of the oil fill in the housing; however the
flow resistance reduction means enables a smooth displace-
ment through the oil while avoiding the occurrence of
pressure increase in the oil and/or friction resistance with
respect to the oil fill. In hydrodynamics, the design of such
flow resistance limiting shapes is well-known. In particular,
the rotation body comprises at least one edge facing in a
forward rotational direction, said at least one edge may be
provided with said flow resistance reduction means. Also or
alternatively, the opposite edge of the rotation body, facing
away from the forward rotational direction, may be provided
with flow resistance reduction means.

[0006] According to a preferred embodiment, the rotation
body may have a circumference the contour of which is
completely positioned between two circles which are con-
centric with respect to the rotation axis, wherein the differ-
ence between the radii of said circles is at least an order of
magnitude smaller than one of said radii. Such an embodi-
ment closely resembles a circular circumference, although
this need not be a perfect circle. Still, a substantial reduction
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of the flow resistance may be obtained by means of such
somewhat non-circular contour, which may for instance
have a wave shape inscribed between the two concentric
circles which are closely positioned next to each other as a
result of the order of magnitude similarity thereof.

[0007] Good results are obtained in case all radial sections
of the rotation body have a generally equal shape. In
particular, the circumference of the rotation body may be
fully circular.

[0008] According to a preferred embodiment, the rotation
body may comprise at least two materials having different
specific masses. Despite the geometric circumferential sym-
metry of the rotating body, still vibrations may be generated
upon rotation of the rotation body. Furthermore, the rotation
body may comprise a part having an asymmetrically posi-
tioned chamber, and a second part accommodated within the
chamber, the specific mass of said second part being higher
than the specific mass of the first part. The second rotation
body part is preferable positioned with a snugly fit within
said chamber of the first rotation body part. In particular, in
case a disc shaped rotation body is applied, the opposite
surfaces which face away from each other in an axial
direction are thus completely smooth or flat, whereby the
flow resistance is further reduced.

[0009] The invention is furthermore related to an under-
water drilling installation, comprising a platform provided
with support means for placement on the bottom of a body
of water, and a drilling device for performing drilling
operations in the bottom, said drilling device being provided
with a vibration generator as described before.

[0010] Also, the invention is related to an underwater
drilling system, comprising a floating barge, lifting means
supported on the barge and such underwater drilling instal-
lation suspended from the lifting means for lowering the
underwater drilling installation on the bottom of a body of
water respectively for retrieving the underwater drilling
installation from said bottom.

[0011] The rotation axis of the suspension is oriented
transverse, preferably perpendicular, with respect to the
rotation axis of the drilling device. Thereby a sinusoidal
force is generated in the longitudinal direction of the drill
string, causing said drill string to resonate for increased
penetration at relatively low power input.

[0012] The invention will now be described further with
respect to the embodiment shown in the drawings.

[0013] FIG. 1 shows an underwater drilling system.
[0014] FIG. 2 shows an underwater drilling installation.
[0015] FIG. 3 shows a longitudinal section through the

vibration generator.

[0016] FIG. 4 shows an enlarged view of the rotation
bodies.
[0017] The underwater drilling system shown in FIG. 1

consists of the underwater drilling installation 1 and the
vessel or barge 2 from which the underwater drilling instal-
lation is suspended through the hoisting means 3. The barge
is floating in a body of water 27, and in the situation shown,
the underwater drilling installation is supported on the
bottom 28 thereof. In this position, the underwater drilling
installation 1 is fit for performing drilling operations in the
bottom.

[0018] To that end, the underwater drilling installation
(see FIG. 2) has a base frame 4, supporting the actual drilling
rig 5, a carrousel storage 6 which carries a number of drill
pipes 6 and a robot 29. In the situation shown in figures a 1
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and 2, the underwater drilling installation 1 is idle. In
operation, by means of a robot 29, the drill pipes 7 are
successively removed from the carrousel storage 6 and
connected to each other so as to form the drill string 10. This
is carried out in an automated way which is known per se.
At the bottom end of the drill string, a drill bit is connected.
[0019] As is known, by rotating the drill string through the
drill string drive means 8 of the drill rig 5, a bottom hole is
formed. As is further known, this operation may be
enhanced by generating a vibration in the drill string. Such
vibrations may be obtained from the vibration generator 9
which is mounted to the drive means 8. A view of the interior
of the drill string drive means 8 and the vibration generator
9 is shown in FIG. 3.

[0020] As shown in FIG. 3, the drive means consists of the
electric or hydraulic motor 11, which through a gear set 12
is drivingly connected to the clamp head 13. In the clamp
head 13, the drill string 10 is held and rotatably supported by
means of the thrust bearing 30. The drive means has a
compartment 14 in which these components have been
accommodated. Onto the compartment 14, the vibration
generator 9 is rigidly mounted.

[0021] The vibration generator 9 consists of a housing 16
mounted to the compartment 14, which houses two disc-
shaped rotation bodies 17 and a rotation body drive means
18. These rotation body drive means 18 consist of a gear set
19 and the electric or hydraulic motor 20. The gear set 19 of
the rotation body drive means 18 has a gear 21 mounted to
each of the rotation bodies 17, and an intermediate gear 22
camming which each of the gears 21 and connected to the
motor 20. Thus, by energizing the motor 20, the rotation
bodies 17 are rotated in opposite directions and at the same
speed. In the view of FIG. 4, the rotation bodies 17 are
shown in isolation, and in the same view as shown in FIG.
3.

[0022] As the drilling installation is operating under water,
care should be taken to avoid the surrounding water pen-
etrating the housing 16 of the vibration generator. To that
end, the internal space 15 of the housing 16 is completely
filled with a fluid such as oil. Thus, the rotation bodies 17 as
well as the drive means 18 thereof are fully operated in an
oil bath. As will be clear, the oil fill will exert a flow
resistance onto the rotation elements, and in particular onto
the rotation bodies which as a result of their function usually
have an eccentric shape.

[0023] With the aim of restricting this flow resistance as
much as possible, the rotation bodies are preferably carried
out according to the embodiment shown in FIG. 4. Each
rotation body 17 is mounted on a shaft 24 which also carries
the gear 21. The rotation bodies each consists of a first
rotation body part 25 having a fully circular circumference
as well as a chamber 27 which is about kidney-shaped.
Within the kidney-shaped chamber 27, a correspondingly
shaped second rotation body part 26 has been fitted. As
shown in FIG. 3, the second rotation body part 26 snugly fits
within the corresponding chamber 27 of the first rotation
body part 25.

[0024] By selecting a different specific masses for the first
and second rotation body parts 25, 26, an imbalance is
obtained. Thus, upon rotation of the rotation bodies, vibra-
tions are generated in the longitudinal direction of the drill
string 10. On the other hand, as a result of the completely
circular circumference of the rotation bodies, and the snugly
fit of the second rotation body part 26 in the first rotation
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body part 25, only a low flow resistance is experienced by
the rotation bodies while they are rotated with respect to the
oil fill within the housing 16.

LIST OF REFERENCE NUMERALS

[0025] 1. Underwater drilling installation
[0026] 2. Barge

[0027] 3. Hoisting means

[0028] 4. Base frame

[0029] 5. Drilling rig

[0030] 6. Storage carrousel

[0031] 7. Drill pipe

[0032] 8. Drill string drive means

[0033] 9. Vibration generator

[0034] 10. Drill string

[0035] 11. Motor drive means

[0036] 12. Gear set

[0037] 13. Clamp head

[0038] 14. Compartment drive means
[0039] 15. Internal space

[0040] 16. Housing vibration generator
[0041] 17. Rotation body

[0042] 18. Drive means vibration generator
[0043] 19. Gear set vibration generator
[0044] 20. Motor vibration generator
[0045] 21. Gear

[0046] 22. Gear

[0047] 23. Fluid fill

[0048] 24. Shaft rotation body

[0049] 25. First rotation body part
[0050] 26. Second rotation body part
[0051] 27. Body of water

[0052] 28. Bottom

[0053] 29. Robot

[0054] 30. Thrust bearing

1. A vibration generator for a drilling installation, said
generator comprising

a housing,

at least one rotation body,

a suspension by means of which the rotation body is
suspended rotatably within the housing, the mass centre
of the rotation body being eccentric with respect to the
rotation axis of the suspension, and

a drive for rotating the rotation body,

wherein the housing holds a fluid which is in contact with
the rotation body whereby relative rotation between the
rotation body and the fluid generates a flow resistance
and in that the rotation body comprises flow resistance
reduction means.

2. The generator according to claim 1, wherein the rota-
tion body comprises at least one edge oriented transversely
with respect to the rotational direction, said at least one edge
being provided with said flow resistance reduction means.

3. The generator according to claim 1, wherein the rota-
tion body (17) has a circumference the contour of which is
completely positioned between two circles which are con-
centric with respect to the rotation axis, and in that the
difference between the radii of said circles is at least one
order of magnitude smaller than one of said radii.

4. The generator according to any of the preceding claims,
wherein all radial sections of the rotation body have a
generally equal shape.
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5. The generator according to claim any of the preceding
claims, wherein the circumference of the rotation body (17)
is fully circular.

6. The generator according to claim 1, wherein the rota-
tion body comprises at least two materials having different
specific masses.

7. The generator according to any of the preceding claims,
wherein the rotation body comprises a rotation body part
having an asymmetrically positioned chamber, and a second
rotation body part accommodated within the chamber, the
specific mass of said second rotation body part being dif-
ferent from the specific mass of the first rotation body part.

8. The generator according to claim 7, wherein the second
rotation body part snugly fits within the chamber of the first
rotation body part.

9. The generator according to claim 1, wherein the rota-
tion body (17) is disc-shaped.

10. The generator according to claim 1, wherein the
rotation body is submerged in the fluid.

11. The generator according to claim 1, wherein the
housing is completely filled with the fluid.

12. The generator according to claim 1, comprising two
identical rotation bodies as well as a drive for synchronously
rotating said rotation bodies in opposite directions.

13. An underwater drilling installation, comprising a
platform provided with support means for placement on the
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bottom of a body of water, and a drilling device for per-
forming drilling operations in the bottom, said drilling
device being provided with a vibration generator according
to claim 1.

14. The underwater drilling installation according to
claim 13, comprising a storage for drill pipes and a robot for
transferring the drill pipes from the storage to the drilling
device and for assembling the drill pipes into a drill string
and vice versa.

15. An underwater drilling system, comprising a floating
vessel, hoisting means supported on the barge and an
underwater drilling installation according to claim 13 sus-
pended from the hoisting means for lowering the underwater
drilling installation on the bottom of a body of water
respectively for retrieving the underwater drilling installa-
tion from said bottom.

16. The underwater drilling system according to claim 13,
wherein the rotation axis of the suspension is oriented
transverse, with respect to the rotation axis of the drilling
device.

17. The underwater drilling system of claim 16, wherein
the rotation axis of the suspension is oriented perpendicular
with respect to the rotation axis of the drilling device.
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