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(54) Method and apparatus for deforming a metal workpiece while exerting ultrasonic oscillations

(57) Method of deforming a metal workpiece, where-
in a mechanical force is exerted on the workpiece, and
wherein ultrasonic oscillations are transferred to the
workpiece. The exertion of the mechanical force and the
transfer of the ultrasonic oscillations may occur substan-
tially simultaneously. In an embodiment, the metal work-

piece comprises a casing member of a borehole. The
mechanical force is exerted on the casing member hav-
ing a first diameter to expand the casing member to a
larger, second diameter, the force being radially outward-
ly oriented with respect to the geometrical axis of the
borehole. Further, ultrasonic oscillations are transferred
to a casing area on the casing member.
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Description

TECHNICAL FIELD

[0001] The present invention is generally directed to
deforming a metal workpiece and more particularly to a
method and apparatus for deforming a metal workpiece
by application of a mechanical force and ultrasonic os-
cillations, as well as a method for extracting subterranean
hydrocarbons.

BACKGROUND ART

[0002] Methods of deforming metal workpieces by ap-
plication of mechanical forces are well known. Also
known are methods for expanding the inner diameter of
a cylindrical workpiece by application of a mechanical
force. One such method for use in expanding an inner
diameter of a casing disposed in a borehole is described
in U.S. patent publication US 2003/ 0051885. Generally,
boreholes are used for transporting exploration means
up and down as well as for transporting mineral fluids,
such as hydrocarbons, including oil and natural gas, from
subterranean fields inside the Earth towards the surface.
In order to increase the net transported fluid volume, it
is desired to expand the cross sectional area of existing
boreholes, e.g. if the boreholes have been used for ex-
ploration ends only. US 2003/ 0051885 teaches a method
including stretching a metal casing member of a bore-
hole, wherein an expansion tool is lowered into the casing
member having a first diameter. The expansion tool dis-
closed in US 2003/ 0051885 expands the casing member
to a larger, second diameter using pulsed mechanical
forces at a frequency between 10 and 50 Hz.
[0003] However, casings are constructed quite heavily
to sustain hydraulic pressures without causing leakages.
Therefore a large mass is required to provide a downward
oriented force that has a sufficiently large amplitude. In
practice, the mass is always limited. Further, much driv-
ing energy is required for exerting the mechanical force.
Especially when expanding long casings, e.g. several
kilometers, this will be a time consuming operation.
[0004] Transferring ultrasonic oscillations to metal
constructions for strengthening and processing metal
surfaces as a relaxation treatment is discussed in U.S
patent publication US 2002/0014100. This method is
known as ultrasonic peening or ultrasonic impact treat-
ment. The peening process treats only the upper metal
surface, e.g. in the case that cracks occurred. US
2002/0014100 does not teach that plastic deformation
involving the entire thickness of a metal plate occurs.
Further, in the peening process of US 2002/0014100, no
significant mechanical forces are applied; instead, a re-
peating sequence of relatively low force mechanical im-
pacts or impulses is exerted. Thus, the peening process
of US 2002/0014100 is not suitable for deforming a work-
piece, and more particularly for expanding an inner di-
ameter of a casing.

[0005] The present invention is directed toward over-
coming one or more of the problems discussed above.

SUMMARY OF THE INVENTION

[0006] A first aspect of the invention is a method of
deforming a metal workpiece, wherein the mechanical
force is more effective. To that end, ultrasonic oscillations
are transferred to the metal workpiece.
[0007] The invention is particularly useful in expanding
the inner diameter of a casing. By transferring ultrasonic
oscillations to the casing, less mechanical energy is re-
quired to obtain a predetermined expansion rate of the
casing member using an expansion tool such as an ex-
pansion cone. Without being bound by theory, this is be-
lieved to be due to the fact that the deformation energy
needed for the plastic irreversible deformation is provided
not only by means of mechanical energy, but also by
means of the ultrasonic oscillations. In particular, the ul-
trasonic oscillations render the atomic structure of the
casing member more apt for deformation, so that the me-
chanical force can deform it more easily and more effec-
tively after the material of the workpiece has reached
some saturation level. Hence, given the same amplitude
of the mechanical force, this results in a faster deforma-
tion of the metal workpiece, so that in the situation of a
casing a longer borehole length can be expanded per
time unit. Conversely, a substantially equal expanded
borehole length per time unit can be obtained by applying
less mechanical energy, thus saving costs in energy and
equipment. Exerting less mechanical force on a casing
advantageously results in less damage on the surface of
the casing, e.g. sandscreens. Also, a larger deformation
of the workpiece (e.g., casing) can be achieved by using
ultrasonic oscillations. For example, a deformation of ap-
proximately 25% may be obtained instead of 15% as ob-
tained by conventional methods in casings. Hence, a
larger cross sectional area of a borehole can be obtained,
leading to a larger throughput.
[0008] After ending the application of ultrasonic oscil-
lations, the material properties of the workpiece return to
the normal values of the material before the application
of ultrasonic oscillations. The material properties are sub-
stantially the same or better than compared to the situ-
ation in which the workpiece has been deformed using
mechanical forces only.
[0009] It is noted that in this application it is understood
that ultrasonic oscillation signals have a non-zero fre-
quency spectrum which lies above the audio range, i.e.
above 15-20 kHz, preferably in the range of 15 kHz to
100 kHz and higher.
[0010] Further, it is noted that metal workpieces also
include workpieces made of alloys comprising a metal,
such as steel.
[0011] In an advantageous embodiment of the inven-
tion, the exertion of the mechanical force and the transfer
of the ultrasonic oscillations occur substantially simulta-
neously, so that the oscillations and the mechanical en-
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ergy cooperate in deforming the workpiece. It is noted
that the term substantially simultaneously means that the
mechanical force is applied within a certain time frame
after transferring the ultrasonic oscillations to the work-
piece, in which time frame the material properties still
deviate from the normal values, so that both kinds of en-
ergy cooperate. Hence, the ultrasonic oscillations and
the mechanical energy can be applied to the working
piece at the same instant, but it is also possible that the
method comprises a sequence of transferring the ultra-
sonic oscillations to the workpiece and subsequently ex-
erting the mechanical force to it within the time frame.
[0012] Advantageously, the casing area to which the
ultrasonic oscillations are transferred is annular, so that
the ultrasonic oscillations are equally distributed over the
part of the casing member which is to be expanded. This
is the situation in particular if the expansion tool is pro-
vided with an expansion cone at the lower part, so that
the ultrasonic oscillations and the mechanical energy are
transferred to substantially the same casing area for op-
timal performance of the expansion tool.
[0013] By generating the ultrasonic oscillations by
means of a piezoelectric transducer an elegant and effi-
cient ultrasonic energy conversion is achieved. Thus,
hereby a reduction in weight and costs of electrical en-
ergy sources is obtained. Further, heating processes
causing undesired changes in material parameters of the
casing member are reduced.
[0014] The ultrasonic oscillations can also be gener-
ated by means of a magnetostrictive transducer.
[0015] In an advantageous embodiment of the inven-
tion, the ultrasonic oscillations are transferred to the met-
al piece work via an intermediate medium, so that a more
efficient coupling of the ultrasonic oscillations is obtained
from an energetic point of view.
[0016] The ultrasonic oscillations are applied to an op-
erative portion of the casing. The ultrasonic oscillations
preferably vibrate the operative portion of the casing with
an amplitude of at least 40 micrometers. The ultrasonic
oscillations may be of a radial mode, a longitudinal mode
or a combination of radial and longitudinal modes.
[0017] A second aspect of the present invention is a
tool for deforming a metal workpiece. The tool includes
a deformer exerting a mechanical force on the workpiece
sufficient to deform the shape of the workpiece and an
ultrasonic means for exerting ultrasonic oscillations on
the workpiece. The deformer may include an expansion
cone and driving means operatively associated with the
expansion cone for driving the expansion cone. Such an
embodiment is particularly advantageous where the
workpiece is cylindrical, such as a casing. In such an
application the driving means drives the expansion cone
axially of the casing. The ultrasonic means may be a
piezoelectric transducer or a magnetostrictive transduc-
er. In those embodiments where the ultrasonic means is
a piezoelectric transducer, the piezoelectric transducer
may include a high strength, high ware plate.
[0018] A third aspect of the present invention is a cas-

ing member of a borehole made by a process including
exerting ultrasonic oscillations on the casing member
having a first diameter and exerting a mechanical force
on the casing member, the mechanical force producing
a deformation between the first and a second diameter
increasing the inner diameter at least about 25%.
[0019] A fourth aspect of the present invention is a
method for extracting hydrocarbon for a subterranean
hydrocarbon deposit. The method includes drilling a
borehole in communication with the subterranean hydro-
carbon deposit and installing a casing having a first di-
ameter in the borehole. A mechanical force is exerted on
an operative portion of the casing having a first diameter
to expand the operative portion of the casing to a larger,
second diameter, the mechanical force being radially out-
wardly oriented with respect to a geometrically axis of
the borehole. Ultrasonic oscillations are exerted on the
operative portion of the casing member substantially si-
multaneously to exerting the mechanical force. Prefera-
bly, the radially outwardly oriented mechanical force is
exerted using an expansion tool having an expansion
zone, the expansion tool being located above or inside
the borehole near the operative portion of the casing
member having the first diameter, the expansion cone of
the expansion tool being subjected to a downwardly ori-
ented mechanical force. Preferably, the ultrasonic oscil-
lations on the operative portion of the casing vibrate the
operative portion of the casing with an amplitude of at
least 40 micrometers. The ultrasonic oscillations are pref-
erably of a longitudinal mode, a radial mode or a combi-
nation thereof. The ultrasonic oscillations are preferably
exerted on the workpiece by converting electrical energy
to the ultrasonic oscillations using at least one of the pi-
ezoelectric transducer and a magnetostrictive transduc-
er. The ultrasonic oscillations may be exerted on the met-
al workpiece via an intermediate medium.
[0020] Other advantageous embodiments according
to the invention are described herein. The invention will
be explained below, in more detail with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Fig. 1 shows a schematic view of an expansion
tool according to the invention;
[0022] Fig. 2 shows a graph of a plot of deformation
curves; and
[0023] Figs. 3A and 3B are schematic views of an al-
ternate embodiment of an expansion tool according to
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0024] The figures are merely schematic views of pre-
ferred embodiments according to the invention. In the
figures, equal or corresponding parts are referred to by
the same reference numerals.
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[0025] Figure 1 shows a schematic view of a tool 1 for
deforming a workpiece according to the invention. In the
preferred embodiment described herein, the tool 1 is an
expansion tool 1 comprising a deformer. The deformer
may be a stamp which, in the preferred embodiment dis-
closed herein for use in deforming casings, is in the form
of a cylindrical body 1a with an expansion cone 3. Further,
the expansion tool 1 comprises ultrasonic means for
transferring or exerting ultrasonic oscillations. The ultra-
sonic means comprise an ultrasonic transducer or trans-
ducers 4, such as a piezoelectric transducer or transduc-
ers and/or a magnetostrictive transducer or transducers
or a combination of both types of transducers. During
use, the expansion tool 1 is placed above or within the
casing 5 of a borehole, also called a tubing downhole,
such as a steel pipe, which is a first embodiment of a
workpiece to be deformed. Typical boreholes have a di-
ameter ranging from approximately 0.1 m to approxi-
mately 1 m, but smaller or larger dimensions are also
possible.
[0026] The expansion tool 1 comprises receiving
means 6 for cooperating with driving means 7 which ex-
erts mechanical forces. The driving means 7 may com-
prise any number of devices (either alone or in combina-
tion) for applying a mechanical force to a deformer such
as a stamp or the expansion cone 3. By way of example
and not by way of limitation, the driving means 7 may be
a mechanical construction such as a vibration hammer,
mechanical and/or electrical cylinder, rams, jacks, jack
screws, tooth rack mechanisms, winches and/or linear
motors. The driving means 7 may also be a structure for
applying hydraulic pressure difference on the respective
sides of the deformer by pressurizable fluids; for exam-
ple, hydraulic cylinders. The expansion tool 1 is driven
through a section 8 of the borehole with a first inner di-
ameter (ahead of the expansion tool 1), so that a section
9 with a second, larger diameter is obtained (behind the
expansion tool 1). As used herein, an "operative portion
of a casing" is the part of the casing experiencing the
diameter change.
[0027] The mechanical force may be exerted by the
driving means on the deformer in a downward, upward
or any other direction such as horizontally, so that an
operative portion of a workpiece can be deformed as de-
sired. For the specific example of a casing residing in a
borehole and the expansion cone 3 described herein, the
critical aspect of application of the force is that the oper-
ative portion of the casing is enlarged during continuous
movement of the expansion tool in an axial direction of
the borehole. Typically in such an application the me-
chanical force will be exerted in a downward direction.
[0028] In another embodiment of the invention which
is illustrated in Fig. 3A and Fig. 3B, the expansion tool 1’
may comprise a deformer in the form of a cylinder 20 with
a substantially constant first diameter D1 which is insert-
ed into a casing segment 22 and which is subsequently
expanded to a second larger diameter by mechanical
force from some form of a driving means 24 of the type

described above operatively associated with the cylinder
20, thereby forcing the casing to a larger diameter D2.
See Fig. 3B. The cylinder is then returned to its first di-
ameter and moved axially to an adjacent casing segment
and the process is repeated. This embodiment is also
intended for use with the ultrasonic means as described
below.
[0029] In situ in the borehole, electrical power, e.g. in
the range of 3-30 kW, is available. The electrical power
can be generated locally by means of a generator, such
as a hydro turbine, or can be made available via electrical
energy transport means, such as copper cables 10.
[0030] The ultrasonic transducer 4 or transducers con-
vert energy from the electric domain to the acoustic do-
main by converting electrical signals, such as alternating
signals, to acoustic signals, such as ultrasonic oscilla-
tions. Ultrasonic oscillations could be produced by means
of either the magnetostrictive effect or by the piezoelec-
tric effect.
[0031] In the borehole, ultrasonic oscillations generally
comprise longitudinal modes and/or radial modes. Lon-
gitudinal modes comprise waves oscillating lengthwise
along the tube, while radial modes comprise waves os-
cillating in a radial direction, which can be more difficult
to generate. In contrast to peening technology, also radial
modes can be applied. Typically, ultrasonic oscillations
of a longitudinal mode or a radial mode are transferred
to the material of the borehole casing 5 via the transfer-
ring means comprising, in addition to the ultrasonic trans-
ducer(s), a transformer. Also a combination of longitudi-
nal mode or radial mode ultrasonic oscillations can be
introduced into to the casing 5, whereby the material of
the casing 5 is forced to vibrate. Vibrations of the oper-
ative portion of the casing having an amplitude of greater
than 40 micrometers are preferred, although vibrations
of an amplitude less than 40 micrometers may also be
effective.
[0032] The ultrasonic means further comprises a body
2 which is tuned to resonate near the frequency of the
ultrasonic oscillations. By a proper design of the eigen-
frequencies of the body 2, the amplitudes of the ultrasonic
oscillations can be optimized and amplified, so that the
effect on the material parameters of the workpiece to be
deformed is also maximized. The body can be integrated
with the expansion cone 3, so that the mechanical force
and the ultrasonic oscillations are applied to the work-
piece via the same contact area. However, it is also pos-
sible to implement the body of the ultrasonic means dif-
ferently, at different location, so that the mechanical force
and the ultrasonic oscillations are separately exerted on
the workpiece. By providing a device which manipulates
the vibrating modes via digital signal processing, the
tuned body can further be optimized to vibrate at desired
frequencies. In this way, desired modes can be amplified
while other modes that could be harmful to the structure
can be suppressed.
[0033] The ultrasonic oscillations enhance the expan-
sion process, as will presently be explained using Fig. 2,
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which shows hypothetical deformation curves of materi-
als on which mechanical forces are exerted. On the ver-
tical axis of the plot, the symbol F represents a force
which is a measure for applied pressure on the work-
piece. On the horizontal axis, the symbol D represents a
deformation rate. Curve B is an exemplary deformation
curve of a specific material. In the area near the origin
the curve is substantially linear, as the material behaves
according to Hook’s law. The deformation is reversible.
If the deformation level increases, the curve passes a
twist, after which the deformation is irreversible.
[0034] By employing the ultrasonic forming technolo-
gy, curve B changes to curve C. As can be easily seen
from Fig. 2, a similar deformation rate D 1 requires a
deformation force F2 which is much smaller than in the
previous non-ultrasonic case where the deforming force
F1 is applied. Likewise, the area under the curve is much
smaller, indicating that much less strain energy is re-
quired for obtaining a predetermined deformation rate.
Similarly, by using the ultrasonic oscillations and the
same deformation force F1, a significant increase in de-
formation is obtained, see e.g. D2 in the ultrasonic case
versus D 1 in the non-ultrasonic case. Without being
bound by any theory, the physical effect can be explained
using different theories, such as acoustic plasticity, strain
energy or stress superposition approaches. Further, the
amount of acoustic energy in relation to the total defor-
mation energy can vary from application to application,
e.g. ranging from approximately 1% or 2% to 10% or
almost 100%.
[0035] In short, the application of ultrasonic oscillations
decreases the process time, reduces the deformation en-
ergy consumption, increases the degree of deformation
while applying a particular mechanical deforming force
or pressure, and enables workpiece deformation proc-
esses that would otherwise be difficult to perform in prac-
tice by using mechanical forces only, e.g. due to the use
of a relatively thick metal layer in the workpiece or rela-
tively rigid materials requiring too much energy, or be-
cause of the risk that cracks or other damages of the
workpiece may be caused. Furthermore, increase of the
inner diameter of a casing of about 25% or more can be
achieved without damaging the casing.
[0036] Optionally, an intermediate medium is applied
between the transducer or transformer, such as the ex-
pansion cone 3, and the workpiece, such as the casing
of the borehole 5. The intermediate medium may com-
prise a fluid, such as oil or other liquid. By employing the
intermediate medium the ultrasonic oscillations are more
efficiently coupled into the workpiece.
[0037] Further, the inner side of the borehole 5 can be
subjected to a pretreatment for cleaning purposes, e.g.
by means of a mechanical wiping arrangement, such as
a wiper, by means of a heating element, such as heated
oil, or by driving electrical currents into the metal bore-
hole, thereby heating the casing. In the heating process,
dirty particles can lose contact with the inner part of the
casing, so that the borehole is cleaned. After cleaning,

the surface is less rough, yielding improved direct contact
with the expansion cone 3.
[0038] It is noted that the method of deforming a metal
workpiece is not limited to deforming workpieces made
of casing members of a borehole, but is also applicable
to workpieces made of other metal tubular pipes, such
as steel tubular pipes.
[0039] In another embodiment according to the inven-
tion, the method of deforming a workpiece is applied for
bending and forming other types of workpieces, such as
metal plates, e.g. for nautical, aeronautical or other ap-
plications, or other workpieces, such as profile elements
in which a local radius is to be changed. A substantially
flat plate is bent by exerting a mechanical force on a
section of the metal plate using a stamp or die. According
to the invention, ultrasonic energy is transferred to the
section of the metal plate to facilitate the bending proc-
ess. Preferably, the ultrasonic energy is introduced into
the metal plate on the outer side of the bending curve in
order to avoid cracks being generated by concentrated
local strain forces in this area.
[0040] The invention is not limited to the embodiments
described herein. Many variants are possible.
[0041] Instead of piezoelectric transducers or magne-
tostrictive transducers also electromagnetic means can
be used, such as a laser apparatus or means by which
Lorenz forces are applied.
[0042] Such variants will be obvious to one skilled in
the art and are considered to lie within the scope of the
invention as formulated in the following claims.

Claims

1. A method of deforming a metal workpiece, compris-
ing:

exerting a mechanical force on the workpiece;
and
exerting ultrasonic oscillations on the work-
piece.

2. The method according to claim 1 further comprising
the steps of exerting the mechanical force and ex-
erting the ultrasonic oscillations occurring substan-
tially simultaneously.

3. The method according to claim 1, wherein the metal
workpiece comprises a casing member residing in a
borehole, the method further comprising:

exerting the mechanical force on an operative
portion of the casing having a first diameter to
expand the operative portion of the casing to a
larger, second diameter, the mechanical force
being radially outwardly oriented with respect to
the geometrical axis of the borehole; and
exerting the ultrasonic oscillations to the opera-
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tive portion of the casing member substantially
simultaneously to exerting the mechanical force.

4. A method according to claim 3 further comprising
exerting the radially outwardly oriented mechanical
force using an expansion tool comprising an expan-
sion cone, the expansion tool being located above
or inside the borehole near the operative portion of
the casing member having the first diameter, the ex-
pansion cone of the expansion tool being subjected
to a downwardly oriented mechanical force.

5. A method according to claim 3, wherein the operative
portion of the casing to which the ultrasonic oscilla-
tions are exerted is of annular shape.

6. The method according to claim 3, wherein exerting
the ultrasonic oscillations on the operative portion of
the casing vibrates the operative portion of the cas-
ing with an amplitude of at least 40 micrometer.

7. The method according to claim 3 , wherein ultrasonic
oscillations of at least one of a longitudinal mode and
a radial mode are exerted on the workpiece.

8. The method according to claim 1, wherein the ultra-
sonic oscillations are exerted on the workpiece by
converting electrical energy to the ultrasonic oscilla-
tions using at least one of a piezoelectric transducer
and a magnetostrictive transducer.

9. The method according to claim 1 further comprising
exerting the ultrasonic oscillations on the metal work-
piece via an intermediate medium.

10. A tool for deforming a metal piece work, comprising:

a deformer configured to exert a mechanical
force on the workpiece sufficient to deform the
shape of the workpiece; and
an ultrasonic means for exerting ultrasonic os-
cillations on the workpiece.

11. The tool according to claim 10, wherein the deformer
comprises an expansion cone and driving means op-
eratively associated with the expansion cone for driv-
ing the expansion cone.

12. The tool according to claim 10, wherein the ultrasonic
means comprises at least one of a piezoelectric
transducer and a magnetostrictive transducer.

13. The tool according to claim 10, wherein the ultrasonic
means comprises a piezoelectric transducer com-
prising a high strength high wear plate.

14. The tool according to claim 11 wherein the workpiece
comprises a casing having a first diameter and the

expansion cone has a major diameter greater than
the first diameter, the expansion cone being axially
received within the casing, the driving means driving
the expansion cone axially of the casing, whereby
the expansion cone applies a radial force to the cas-
ing enlarging the first diameter of the casing.

15. A casing member of a borehole made by a process
comprising:

exerting ultrasonic oscillations on the casing
member having a first diameter; and
exerting a mechanical force on the casing mem-
ber, the mechanical force producing a deforma-
tion between the first and a second diameter in-
creasing the inner diameter at least about 25%.

16. A method of extracting hydrocarbons from a subter-
ranean hydrocarbon deposit wherein a borehole
comprising a casing having a first diameter is in fluid
communication with the hydrocarbon deposit, the
method comprising:

exerting a mechanical force on an operative por-
tion of the casing having the first diameter to
expand the operative portion of the casing to a
larger, second diameter, the mechanical force
being radially outwardly oriented with respect to
a geometrical axis of the borehole; and
exerting ultrasonic oscillations to the operative
portion of the casing member substantially si-
multaneously to exerting the mechanical force.

17. A method according to claim 16 further comprising
exerting the radially outwardly oriented mechanical
force using an expansion tool comprising an expan-
sion cone, the expansion tool being located above
or inside the borehole near the operative portion of
the casing member having the first diameter, the ex-
pansion cone of the expansion tool being subjected
to a downwardly oriented mechanical force.

18. A method according to claim 16, wherein the oper-
ative portion of the casing to which the ultrasonic
oscillations are exerted, is of annular shape.

19. The method according to claim 16, wherein exerting
the ultrasonic oscillations on the operative portion of
the casing vibrates the operative portion of the cas-
ing with an amplitude of at least 40 micrometer.

20. The method according to claim 16, wherein ultrason-
ic oscillations of at least one of a longitudinal mode
and a radial mode are exerted on the workpiece.

21. The method according to claim 16, wherein the ul-
trasonic oscillations are exerted on the workpiece by
converting electrical energy to the ultrasonic oscilla-
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tions using at least one of a piezoelectric transducer
and a magnetostrictive transducer.

22. The method according to claim 16 further comprising
exerting the ultrasonic oscillations on the metal work-
piece via an intermediate medium.
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