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(57) Abstract: A method and apparatus for expanding tubulars is disclosed. In an embodiment, a tubular expansion apparatus
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apparatus includes at least two anchors. The tubular expansion apparatus further includes at least one anchor longitudinally moveable
relative to the other anchor while both anchors are engaged with the inner diameter of the tubular.
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Apparatus for Radial Expansion of a Tubular

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to the field of expandable tubulars and more specifically to a tubular
expansion apparatus having one anchor longitudinally moveable relative to another anchor.

Background of the Invention

In conventional drilling operations, it may be desirable to insert a tubular in a wellbore and
expand the tubular downhole to make a casing repair, or in other applications to isolate an
unconsolidated portion of a formation that is being drilled by expanding the tubular against the
formation.

Various techniques to accomplish such tubular expansion have been attempted in the past.
In one techmique, an apparatus utilizing a casing packer as an anchor in combination with an
expansion swage and a hydraulic cylinder allows radial expansion of long sections of the tubular.
A drawback to such a technique having an apparatus with a single anchor positioned in the front of
the swage is that the technique may not provide sufficient reaction force for the exit of the swage
from the tubular at the end of the expansion process, which may result in the expansion process not
being completed. Another conventional technique utilizes two anchors with one anchor in the front
and the other anchor in the back of the swage. A drawback to this technique is that two anchors in
such configuration may not allow for longitudinal shrinkage of the tubular upon its radial
expansion, which may result in high longitudinal stresses and excessive wall thinning of the
expanded tubular and may decrease burst and collapse resistance of the tubular.

Consequently, there is a need for an apparatus and technique for reliable and complete
radial expansion of a tubular, which may allow for improved performance characteristics of the
tubular compared to tubulars expanded by conventional techniques.

BRIEF SUMMARY OF SOME OF THE PREFERRED EMBODIMENTS

These and other needs in the art are addressed in one embodiment by a tubular expansion
apparatus. The tubular expansion apparatus includes an expansion swage. In addition, the
tubular expansion apparatus includes an actuator. Moreover, the tubular expansion apparatus
mcludes at least two anchors. The tubular expansion apparatus further includes at least one anchor
longitudinally moveable relative to the other anchor while both anchors are engaged with the inner
diameter of the tubular.

In another embodiment, these and other needs in the art are addressed by an anchoring
device. The anchoring device includes an anchor slidably positioned on a shaft. In addition, the
anchoring device includes two stoppers with one stopper positioned axially on one side of the

anchor and the other stopper positioned axially on the other side of the anchor.

-1-
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The foregoing has outlined rather broadly the features and technical advantages of the
present invention in order that the defailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described hereinafter that
form the subject of the claims of the invention. It should be appreciated by those skilled in the art
that the conception and the specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other embodiments for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that such equivalent embodiments do
not depart from the spirit and scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiments of the invention, reference will now
be made to the accompanying drawings in which:

Figure 1A illustrates a fragmentary cross-sectional view of a tubular expansion apparatus in
its reset position;

Figure 1B illustrates a fragmentary cross-sectional view of the tubular expansion apparatus
of Figure 1A at the end of the power stroke; and

Figure 1C illustrates a fragmentary cross-sectional view of the tubular expansion apparatus
of Figure 1A at the end of the expansion process.

NOTATION AND NOMENCLATURE

Certain terms are used throughout the following description and claims to refer to particular
components. This document does not intend to distingnish between components that differ in name
but not function.

“Actuator” refers to a device comprising one or more annular pistons and a cylinder
slidingly arranged over the pistons, having at least one pressure chamber per piston, and capable of
providing a sufficient force to axially move the expansion swage inside the expandable tubular to
plastically radially expand the tubular.

“Anchor” refers to a device capable of selective engagement with the inner surface of; the
tubular and preventing movement of selected parts of the tubular expansion apparatus relative to the
tubular.

“Expandable tubular” or “tubular” refers to a member such as a liner, casing, borehole clad
to seal a selected zone, or the like that is capable of being plastically radially expanded.

“Expansion swage” refers to a device capable of plastically increasing tubular diameter
when it is displaced in the longitudinal direction of the tubular. For instance, an expansion swage
includes a tapered cone of a fixed or variable diameter.

“Length of expansion stroke” refers to the maximum displacement of the expansion swage

under a single action of the actuator.
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“Stopper” refers to a device capable of transmitting a load from the anchor to selected parts
of the tubular expansion apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Without being limited by theory, it has been established that during plastic deformation of
metals, the volume of the material may not change and remains constant. Thus, during radial
expansion, the stretching of the tubular in the hoop direction may be compensated by shrinkage in
the longitudinal direction énd by shrinkage in the radial direction {(e.g., wall thickness). If, both
front and back anchors are engaged with the tubular and do not allow for its longitudinal shrinkage,
then the wall shrinkage may be equal to the degree of the radial expansion. It is to be understood
that the performance characteristics of the expanded tubular, such as burst and collapse resistance,
directly relate to the tubular wall thickness. In an embodiment, a tubular expansion apparatus
includes a two anchor expansion system that provides for exit of an expansion swage from the
tubular at the end of the expansion process and maximizes the performance characteristics of the
expanded tubular.

In an embodiment, the tubular expansion apparatus provides for radial expansion of a
tubular. The tubular expansion apparatus includes two anchors with at Jeast one anchor axially
movable relative to the other anchor while both anchors are engaged with the inner diameter of the
tubular, an expansion swage, and an actuator capable of providing a suitable force for axial
movement of the expansion swage inside the expandable tubular to plastically radially expand the
tubular. In an embodiment, the tubular expansion apparatus includes an anchoring device. The
anchoring device includes at least one anchor capable of axial displacement relative to the other
anchor while both anchors are engaged with the inner diameter of the tubular. In an embodiment,
two stoppers are positioned on cach side of the at least one anchor, and a spring is positioned
between one of the stoppers and the at least one anchor. In embodiments, one of the anchors is
positioned in front of the expansion swage and the other anchor in back of the expansion swage,
which may allow the expansion swage to be positioned outside the tubular before expansion and
may also allow for the exit of the expansion swage out of the tubular at the end of the expansion
process. The length of axial movement of the at least one anchor between stoppers is selected to
allow for longitudinal shrinkage of the tubular during its radial expansion, which may result i
improved performance of the expanded tubular.

Figure 1A shows a schematic cross-section of tubular expansion apparatus 5 for radial
expansion of tubular 100. Tubular expansion apparatus 5 includes shaft 107, anchoring device 150,
anchor 106, actuator 200, and expansion swage 105. Shaft 107 has bore 108 for supplying
operational fluid to pressure chamber 112 of actuator 200 and to anchors 106 (front anchor) and 110

(back anchor). In use, pressurized operating fluid is pumped through the drill string or coiled



10

15

20

25

30

WO 2007/121303 PCT/US2007/066527

tubing into bore 108. Actuator 200 comprises propulsion cylinder 103 attached to expansion swage
105 and piston 104 attached to shaft 107. Propulsion cylinder 103 is longitudinally slidably
engaged with shaft 107 and piston 104 and forms internal annular pressure chamber 112
surrounding shaft 107. Although one propulsion cylinder 103 and one corresponding piston 104 are
shown in the illustrated embodiment, any number of cylinders and pistons may be provided. The
hydraulic thrust provided by actuator 200 increases as the number of propulsion cylinders increases.
The hydréulic force provided by the cylinders is additive, thus, the number of cylinders is selected
according to the desired thrust.

As illustrated in Figure 1A, anchor 106 is attached to shaft 107 and may be engaged with
the inside surface of tubular 100, thereby preventing movement of shaft 107 relative to tubular 100
under applied forces, during the expansion process. Anchor 106 may be engaged or disengaged
with tubular 100 by applying or releasing pressure in bore 108.

As further illustrated in Figure 1A, anchoring device 150 includes anchor 110
longitudinally slidably attached to shaft 107. Anchor 110 comprises internal annular chamber 101
surrounding shaft 107 to provide a liquid communication between bore 108 and an anchoring
engagement mechanism (not shown). Anchoring device 150 also includes two end posttion
stoppers 109 (back stopper) and 111 (front stopper) attached to shaft 107. Spring 102 between
anchor 110 and end position stopper 111 1s capable of moving anchor 110 to end position stopper
109 when the pressure in internal annular chamber 101 is released. By applying or releasing
pressure in internal annular chamber 101 through inlet passage 113, anchor 110 may be engaged or
disengaged with the inside surface of tubular 100.

The configuration of the expansion apparatus shown in Figure 1A corresponds to its reset
position. In operation, the pressure in bore 108 is released, both anchors 106 and 110 are
disengaged, piston 104 is in a fully retracted position with regard to expansion swage 105, and
anchor 110 is in a fully retracted position with regard to end position stopper 109. The power
stroke is initiated by applying pressure through bore 108 to both anchors 106, 110 and in pressure
chamber 112. Anchors 106, 110 become engaged with tubular 100, and expansion swage 105
begins moving inside tubular 100 and expanding tubular 100. The expansion force generated by
pressure in pressure chamber 112 is acting against the reaction force generated by anchor 106.
Anchor 110 may slide forward and, therefore, allows for longitudinal shrinkage of tubular 100. At
the end of the power stroke, as illustrated in Figure 1B, a certain length L of tubular 100 has been
expanded from the original inside diameter Do to the expanded mside diameter Dexp. The
expansion ratio £ may be estimated as shown in Equation (1).

(D exp— Do)

W=
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As further illustrated in Figure 1B, the shrinkage of tubular 100 1n the longitudinal direction
due to its radial expansion, A, may be estimated as two thirds of the degree of radial expansion of
equation (1) times the length of the expanded portion of tubular 100 substantially equal to the
length, L, of the expansion stroke of actuator 200 as shown in Equation (2).

(2) A= 2. L-g

3
Combining equations (1) and (2} yields equation (3).
3) A:E-L- (Dexp— Do)

3 Do

Thus, the minimum distance for sliding of anchor 110 between end position stopper 111
and end position stopper 109 may not be less than that defined by equation (3).

For instance, in regards to a tubular expansion apparatus with an expansion stroke of
actuator, L = 5 ft, and expansion ratio of radial expansion ¢ = 25%, the minimum distance for
sliding of anchor 110is A= 10.5 in.

As shown in Figure 1C, at the end of the expansion process, anchor 106 exits tubular 100
and the last few expansion strokes are accomplished against the reaction force generated by anchor
110 engaged with the inside surface of tubular 100 and acting against end position stopper 111.
Without being limited by theory, such result may always be achievable as according to A <L of
equations (3).

It is to be understood that tubular expansion apparatus 5 may be used to expand either
perforated or non-perforated tubulars or tubulars that include portions of both, since pressure
automatically increases or decreases to provide the expansion forces.

It is to be further understood that tubular expansion apparatus 5 includes at least one anchor

capable of a limited longitudinal displacement with regard to other anchors while all anchors are

engaged with the inner diameter of tubular 100, but, in alternative embodiments, tubular expansion

apparatus 5 may be employed in various different ways. For instance, the anchors may be either
hydraulically operated or mechanically operated one way anchors, with the anchor having a limited
longitudinal displacement positioned either in the front or n the back of expansion swage 105.
Although the present invention and its advantages have been described in detail, it should
be understood that various changes, substitutions and alterations may be made herein without

departing from the spirit and scope of the invention as defined by the appended claims.
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CLAIMS

‘What is claimed is:
l. A tubular expansion apparatus, comprising:

an expansion swage;

an actuator; and

at least two anchors, wherein at least one anchor is longitudinally moveable relative to the
other anchor while both anchors are engaged with an inner diameter of the tubular.
2. The tubular expansion apparatus of claim 1, wherein the at least one anchor is positioned
between two stoppers.
3. The tubular expansion apparatus of claim 2, wheremn the two stoppers are positioned at a
distance allowing axial displacement of the at least one anchor between the two stoppers, and
wherein the axial displacement is A, and further wherein A is defined by

A=(2/3)-L- M
Do

wherein L is a length of an expansion stroke of the actuator, Dexp is inside diameter of the tubular
after expansion, and Do is the inside diameter  of the tubular before expansion.
4. The tubular expansion apparatus of claim 2, comprising a spring positioned between the at
least one anchor and one of the stoppers.
5. An anchoring device, comprising:

an anchor slidably positioned on a shaft; and

two stoppers, wherein one stopper is positioned axially on a side of the anchor and the other
stopper is positioned axially on the other side of the anchor,
0. The anchoring device of claim 5, wherein the stoppers are positioned at a distance allowing
a selected amount of axial displacement of the anchor between the stoppers.
7. The anchoring device of claim 5, further comprising a spring located between the anchor

and one of the stoppers.
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