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(57) Abrégé/Abstract:

There is provided an expandable pipeline pig for a varying diameter pipeline having a pig body that carries two or more guides and
one or more actuators. Each guide has a resilient body with a folding zone between an outer perimeter and a central area
connected to the pig body, a series of support members spaced circumferentially about the resilient body within the folding zone,
and a series of collapsing structures positioned between, and integrally formed with, adjacent support members. The actuators
selectively release the guides from a reduced to an expanded mode. In the expanded mode the support members extend outward
and the collapsing structures are expanded between the support members. In the reduced mode the support members are folded
toward the pig body and the collapsing structures are collapsed to reduce a circumference of the resilient body outer perimeter.
The support members are biased toward the expanded mode.
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ABSTRACT OF THE DISCLOSURE

There is provided an expandable pipeline pig for a varying diameter pipeline
having a pig body that carries two or more guides and one or more actuators. Each guide has a
resilient body with a folding zone between an outer perimeter and a central area connected to
the pig body, a series of support members spaced circumferentially about the resilient body
within the folding zone, and a series of collapsing structures positioned between, and
integrally formed with, adjacent support members. The actuators selectively release the
guides from a reduced to an expanded mode. In the expanded mode the support members
extend outward and the collapsing structures are expanded between the support members. In
the reduced mode the support members are folded toward the pig body and the collapsing
structures are collapsed to reduce a circumference of the resilient body outer perimeter. The

support members are biased toward the expanded mode.
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GUIDE FOR A PIPELINE PIG

TECHNICAL FIELD
[0001] This relates to a guide and a pipeline pig that are designed to be used m a pipeline

with more than one diameter.

BACKGROUND

[0002] Pipeline pigs are used for many maintenance operations, such as inspections, and
are often msed while fluid is flowing through the pipeline. The pipeline pig generally has
guides that extend out from a central body to keep the body centralized, and rubber rings or
disks that engage the inner surface of the pipeline, which allows a pressure differential to
move the pig through a pipeline. In some circumstances, it is necessary to nsert the pig in a
pipeline that has a larger diameter downstream of the mjection point. In cases like this, it is
necessary to allow the pig to expand in order to keep it centralized, and maintain the pressure
differential. United States pre-grant publication no. 2001/0010104 (Couchman et al.) entitled
“Pipeline Pigs™ describes a pipeline pig with support elements that keep the pig centralized,
and drive elements that engage the inner will of the pipelines. Both the support and the drive

clements adapt to a range of pipeline diameters.

SUMMARY

[0003] According to an aspect, there is provided an expandable diameter pipeline pig for
a varying diameter pipeline, the pipeline pig comprising a pig body, two or more guides
carried by the pig body, each of the guides comprising a resilient body having an outer
perimeter, a central area connected to the pig body, and a folding zone between the outer
perimeter and the central area. a series of support members spaced circumferentially about
the resilient body within the folding zone, and a series of collapsing structures positioned
between, and integrally formed with, adjacent support members, and one or more actuators
carried by the pig body that selectively release the guides from a reduced diameter mode to
an expanded diameter mode, wherein, in the expanded diameter mode, the support members
extend outward relative to the pig body and the collapsing structures are expanded between
the support members. and in the reduced diameter mode, the support members are folded
toward the pig body and the collapsing structures are collapsed to reduce a circumference of

the outer perimeter of the resilient body, the support members being biased from the reduced

Date Regue/Date Received 2020-09-02
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diameter mode toward the expanded diameter mode.

[0004] According to another aspect, the collapsing structures may comprise membranes

having a thickness that is less than a thickness of the support members.

[0005] According to another aspect, the membranes may slope away from a front face of
the support members, the front face of the support members facing away from the pig body in

the reduced diameter mode.

[0006] According to another aspect, the membranes may be integrally connected to the

support members by living hinges.

[0007] According to another aspect, the membranes may have a width that extends
between adjacent support members and a depth relative to the front face of the support
members, and the width and the depth of the membranes may increase as the membranes

move away from the central area toward the outer perimeter.

[0008] According to another aspect, the membranes may comprise planar surfaces that
angle away from the front face of the support members and meet at a central joint. The angle
of each planar surface may increase relative to the front face as each planar surface moves

from the outer perimeter toward the central area.

{0009] According to another aspect, the resilient body may be a disc-shaped body having
a front face and a rear face, the rear face folding toward the pig body in the reduced diameter
mode, wherein the collapsing zones are integrally formed with the support members at the

front face of the disc-shaped body and extend toward the rear face.

[0010] According to another aspect, the one or more actuators may comprise a length
adjustable member and a retaincr that selectively engages each guide, the length adjustable
member moving the retainers along an axis of the pig body between a first position in which

the retainers retain the guides in the reduced diameter mode and a second position in which
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the guides are released to the expanded diamcter mode.

[0011] According to another aspect, in the expanded diameter mode, the guides may be

sufficiently strong to independently centralize the pipeline pig in a pipeline.

[0012]  According to an aspect, there is provided an expandable guide for a pig body,
comprising a resilient body having an outer perimeter, a central area having a connection for
connecting to the pig body, and a folding zone between the outer perimeter and the central
area, a series of support members spaced circumferentially about the resilient body within the
folding zone, a series of collapsing structures positioned between, and integrally formed with,
adjacent support members, and the resilient body being movable between an exparided
diameter mode and a reduced diameter mode, wherein, in the reduced diameter mode,
wherein, in the expanded diameter mode, the support members exiend outward relative to the
pig body and the collapsing structures are expanded between the support members, and in the
reduced diameter mode, the support members are folded toward the pig body and the
collapsing structures are collapsed to reduce a circumference of the outer perimeter of the
resilient body, the support members being biased from the reduced diameter mode toward the

expanded diameter mode.

[0013] According to another aspect, the collapsing structures may comprise membranes

having a thickness that is less than a thickness of the support members.

[0014] According to another aspect, the membranes may slope away from a front face of
the support members, the front face of the support members facing outward in the reduced

diameter mode.

{0015] According to another aspect, the membranes may be integrally connected to the

support members by living hinges.

[0016] According to another aspect, the membranes may have a width that extends

between adjacent support members and a depth relative to the front face of the support
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members, wherein the width and the depth of the membranes may increase as the membranes

move away from the central area toward the outer perimeter.

[0017] According to another aspect, the membranes may comprise planar surfaces that
angle away from the front face of the support members and meet at a central joint. The angle
of each planar surface may increase relative to the front face as each planar surface moves

from the outer perimeter toward the central area.

[0018] According to another aspect, the resilient body may be a disc-shaped body having
a front face and a rear face, the rear face folding inward in the reduced diameter mode,
wherein the collapsing zones are integrally formed with the support members at the front face

of the disc-shaped body and extend toward the rear face.

[0019] According to an aspect, there is provided a method of inserting a pipeline pig into
a pipeline, at an insertion point, the pipeline having a first diameter at the insertion point and a
second diameter downstream from the first diameter, the second diameter being greater than
the first diameter, the method comprising the steps of providing a pipeline pig having a first
guide and a second guide attached to a pig body, each of the first guide and the second guide
comprising a resilient body having an outer perimeter, a central area connected to the pig
body, and a folding zone between the outer perimeter and the central area, and a serics of
support members spaced circumferentially about the resilient body within the folding zone,
and a series of collapsing structures positioned between, and integrally formed with, adjacent
support members, configuring the pipeline pig in a reduced diameter mode, wherein the
support members are folded toward the pig body such that the collapsing structures collapse
to reduce a circumference of the outer perimeter of the resilient body, with the pipeline pig in
a reduced diameter mode, inserting the pipeline pig into the pipeline at the insertion point,
releasing the support members from the reduced diameter mode such that the support
members are biased toward the expanded diameter mode, and creating a pressure differential

across the pipeline pig to cause the pipeline pig to travel toward the second diameter of the

pipeline.
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[0020] According to another aspect, the collapsing structures may comprise membranes

having a thickness that is less than a thickness of the support members.

[0021] According to another aspect, the membranes may slope away from a front face of
the support members, the front face of the support members facing away from the pig body in

the reduced diameter mode.

[0022] According to another aspect, the membranes may be integrally connected to the

support members by living hinges.

[0023] According to another aspect, the membranes may have a width that extends
between adjacent support members and a depth relative to the front face of the support
members, and the width and the depth of the membranes may increase as the membranes

move away from the central area toward the outer perimeter.

[0024] According to another aspect, the membranes may comprise planar surfaces that
angle away from the front face of the support members and meet at a central joint. The angle
of each planar surface may increase relative to the front face as each planar surface moves

from the outer perimeter toward the central area

[0025] According to another aspect, the resilient body may be a disc-shaped body having
a front face and a rear face, the rear face folding toward the pig body in the reduced diameter
mode, wherein the collapsing zones are integrally formed with the support members at the

front face of the disc-shaped body and extend toward the rear face.

[0026] According to another aspect, configuring the pipeline pig in a reduced diameter
mode may comprise actuating a length adjustable member to move retainers that engage each

guide and fold the support members toward the pig body.

[0027] According to another aspect, releasing the support members from the reduced

diameter mode may comprise causing the length adjustable member to move the retainers



10

15

20

25

30

along an axis of the pig body between a first position in which the retamers retam the guides
m the reduced diameter mode and a second position m which the guides are released to the

expanded diameter mode.

[0028] According to another aspect, in the expanded diameter mode, the guides may be

sufficiently strong to independently centralize the pipeline pig in a pipeline.

[0029] In other aspects, the features described above may be combined together in any

reasonable combination as will be recognized by those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] These and other features will become more apparent from the following
description in which reference 1¥ made to the appended drawings, the drawings are for the
purpose of illustration only and are not mtended to be 1 any way limiting, wherein:
FIG. 1 is a front elevation view of a guide for use with a pipeline pig.
FIG. 2 ig a side elevation view of a guide for use with a pipeline pig.
FIG. 3 is arear elevation view of a guide for use with a pipeline pig.
FIG. 4 is a side elevation view in section of a pipeline pig in a smaller diameter
mode.
FIG. 5 is a side elevation view in section of a pipeline pig after being released
from the smaller diameter mode.
FIG. 6 13 a side elevation view in section of a pipeline pig in a larger diameter
mode
FIG. 7 is a side elevation view showing a pipeline pig passing through a small
diameter section of a pipeline and a large diameter section of a pipeline.

FIG. 8 is a detailed perspective view of the folding zone.

DETAILED DESCRIPTION
[0031] An expandable diameter pipeline pig, generally identified by reference numeral
19, and a guide clement, generally indicated by reference numeral 100, will now be descnibed

with reference to FIG. 1 through 8.

Date Regue/Date Received 2020-06-19
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[0032] Expandable diameter pipeline pig 10 as described herein was developed with the
intention of being used in pipelines that expand to a larger diameter downstream of where pig
10 is injected. As such, the description below will be given in terms of this situation.
However, it will be understood that this 1s merely by way of example, and that there may be
other circumstances m which pipeline pig 10 or guide element 100 could be beneficially

used,

[0033] Referring to FIG. 4, pipeline pig 10 includes a pig body 12, with guides 100
carried by pig body 12. As shown, pig body 12 is a telescopic body having a movable sleeve
44 nested within an outer sleeve 48. As shown, pig 10 includes three guides 100, although the
number may be more or less than this, depending on the preferences of the user. Preferably,

there will be at least two guides 100 in order to properly support pipeline pig 10 in a pipeline.

[0034] Referring to FIG. 1, guide 100 has a resilient body 14 with an outer perimeter 16
that is sized to engage an mner surface of a pipeling, and a central arsa 18 with a connection
20 that is designed to connect to pig body 12, As guide 100 is intended to be used in a
pipeline with varying diameters, the diameter of perimeter 16 is variable to match the
pipeline. This is possible by providing a folding zone 22 between outer perimeter 16 and
central area 18. Folding zone 22 has aseries of support members 24 spaced circumferentially
about resilient body 14 within folding zone 22, and a senies of collapsing structures 26

positioned between, and integrally formed with, adjacent support members 24.

[0035] Preferred embodiments of guide 100 will now be given. However, it will be
understood that support members 24 and collapsing structures 26 may take a variety of forms
to accomplish a similar purpose. However, it has been found that the design principles
discussed below allow for certain advantages, such as a more predictable folding within
folding zone 22 that prevents buckling or overlapping of sections of resilient body 14, a more
supportive structure that allows guide 100 to support pipeline pig 10, and an integrally
formed surface that ensures a sufficient engagement with a pipeline to allow the necessary

pressure dilferential 1o move pipeline pig 10

Date Regue/Date Received 2020-06-19
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[0036] As shown, support members 24 extend out from central area 18, and have
generally parallel, or nearly parallel, side edges 30 with a rounded edge surtace 32 to engage
the pipeline. The relative angle between side edges 30 are gelected such that, when
collapsed, there is sufficient space to prevent buckling or overlapping. As such, the angle
will depend on the degree to which support members 24 are intended to bend before
engaging. For example, referring to FIG. 4, support members 24 in the depicted embodiment
are designed to told such that they are nearly parallel to pig body 12 to achieve a minimum
outer diameter in a reduced diameter mode. In some circumstances, such a reduction may be
unnecessary, and support members 24 may not be bent to such a degree. In that case, the
relative angle between side edges 30 may be greater. In any event, support members 24,
taking inte account collapsing structures 26 as described below, are gized and shaped such

that they create a relatively continuous outer perimeter in the reduced diameter mode.

[0037] Resilient body 14 is shown as being disc-shaped with a constant thickness. aside
from collapsing structures 26 discussed below. Resilient body 14 has a front face 34 and a
rear face 36, where rear face 36 folds toward pig bedy 12 in the reduced diameter mode, as
shown in FIG. 4 and 5. 'To maintain the mtegrity of resilient body 14 when collapsed and
expanded, collapsing structures 26 are integrally formed with support members 24.

[0038] As will be understood by those skilled in the art, the material and the thickness of
the material, will be selected to be flexible enough to be elastically folded into a contracted
state, while being sufficiently resilient to return to an expanded state when released, and with
sufficient strength to support and centralize pipeline pig 10 within a pipeline. Furthermore,
support members 24 are preferably sufficiently strong to support pipeline pig 10
independently of other structures or supports. such that resilient body 14 acts as both a

pipeline pig support and a seal or puide within a pipeline.

[0039] Referring to FIG. 1 - 3, collapsing structures 26 are provided between support
members 24. Collapsing structures 26 connect between support members 24 in order to
provide a continuous surface that is required to create the pressure differential across pipeline

pig 10. Referring to FIG. 2, collapsing structures 26 are made from a membrane, or thinner

Date Regue/Date Received 2020-06-19
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walled=-material, with a thickness that 18 less than the thickness of support members 24, which
allows them to be the point at which resilient body 14 will collapse when folded, allowing the
circumference of resilient body 14 to be reduced without risk of support members 24
buckling or overlapping. In addition, collapsing struciures 26 are shaped such that they
collapse in a predictable manner, to maintain a relatively continnous outer perimeter in both
the expanded and reduced diameter modes. As shown, collapsing structures 26 are mtegrally
formed with support members 24 at front face 34 and extend toward rear face 36. Collapsing
structures 26 are generally V-shaped, although other shapes, such as a conrugated shape, etc.,
may also be used that result in collapsing structures 26 folding in the desired manner.
Referring to the example shown in FIG. 8, collapsing structures 26 are made up of planar
surfaces 38 that slope away from the outside edges 40 of collapsing structures 26 at front face
34 and meet at a central jomt 42. Outside edges 40 and central spine 42 are designed as
living hinges, such that they allow resilient body 14 to present a complets, unbroken surface.
As can be seen, while planar surfaces 38 are straight between corresponding points on
outside edges 40 and central joint 42, planar surfaces 38 have a slight twist or curve in the
direction extending from rounded edge surface 32 toward central area 18. As can be seen,
the angle of cach planar surface 38 increases relative to the front face as each planar surface
moves from outer perimeter 16 toward central area 18. The slight twist is due primarily to
the geometry of collapsmg structure 26, and in particular, the line of hinges 40 and 42, the
taper of collapsing structure 26, and the angle of planar surfaces 38.  The various parts of
collapsing structures 26 arc integrally formed and connected together using living hinges,

which mclude fold lines of reduced thickness to facilitate bending.

[0040] As shown in FIG. 2, 3 and 6, collapsing structures 26 are tapered to accommodate
the folding of resilient body 14. In particular, collapsing structures 26 have a width (i.c. as
measured between adjacent support members 24) and a depth (i.e. as measured along the
thickness of resilient body 14) that increase as collapsing structures 26 move away from
central arca 18 toward outer perimeter 16 in order to accommodate more movement during
folding and expansion. It has been found that the shape of collapsing structurs 26, and their
connection to support members 24, helps strengthen support members 24, allowing them to

bear a greater load in the expanded diameter mode.

Date Regue/Date Received 2020-06-19
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[0041] It will be understood that guides 100 may be used on different types of pipeline
pigs. As will be discussed below, guides 100 were primarily designed to be used on a
pipeline pig that includes an actnator that moves gnides 100 to a folded, or reduced diameter
mode, to simplify mstallation in a pipeline. However, guides 100 may also be useful on other
types of pipeline pigs that do not include such an actuator, such as pigs that are designed to
be installed by being pressed into a pipeline, where the pipeline itself acts to told guides 100
to the reduced diameter mode and match the inner diameter of the pipeling, or a pipeline pig
that moves from a larger diameter pipeline to a smaller diameter pipeline, such that the fluid

pressure in the pipeline itself canses resilient body 14 to fold.

[0042] Referring now to FIG. 4 — 6, there 1s shown a pipeline pig 10 with an actuator 40
that is carried by pig body 12 to selectively release guides 100 from a reduced diameter mode
to permit pig body 12 to expand to an expanded diameter mode. The expanded diameter
mode 1& shown in FIG. 6, with support members 24 extending outward relative to pig body
12 and collapsing structures 26 expanded between support members 24, The reduced
diameter mode 1s shown in FIG. 4 and 5, with support members 24 folded toward pig body
12 and collapsing structures 26 collapsed to reduce the circumterence of outer perimeter 16
of resilient body 14, allowing it to fit within a smaller diameter pipeline. As can be seen, in
FIG. 4, actnator 40 retains resilient body 14 in the reduced diameter mode, while in FIG. 5,
the actuator 40 has released resilient body 14, such that the pipeline itself retains resilient

body 14 in the reduced diameter mode.

[0043] One example of a suitable actuator 40 1s shown in Fig. 4 — 6. The depicted design
has the benefit of relatively few moving parts, making it relatively simple to operate and
maintain. It will be understood that other designs may also be used, such as designs that use
multiple actnators, actuators that use different power sources (i.e. mechanical, hydraulc,
electric, etc.). different ways of engaging resilient body, etc. In the depicted example,
actuator 40 has a length adjustable member in the form of a hydraulic cylinder 42 that shifis a
movable sleeve 44, which moves retainers 46 relative to resilient bodies 14. With guides 100
secured by connection 20 to pig body 12, retainers 46 selectively engages each guide 100, the

length adjustable member moving the retainers along an axis of the pig body relative to

Date Regue/Date Received 2020-06-19
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resilient bodies 14 between a first position, shown in FIG. 4. in which the retainers retain the
guides in the reduced diameter mode, and a second position, shown in FIG. 5, m which the
guides are released and permitted to move to the expanded diameter mode, shown in FIG. 6.
As shown, retainers 46 are carried by movable sleeve 44, which is nested and telescopically
maoves within an outer sleeve 48 to which guides 100 are attached, and hydraulic eylinder 42

telescopically moves sleeves 44 and 48 in order to expand and retract guides 100.

[0044] In one example, pipeline pig 10, which is shown as carrying a seal element 30,
may be used as shown in FIG. 7. by first preparing pipeline pig by connecting hydraulic
cylinder 42 to a power source and causing it to retract retainers 46 such that resilient body 14
folds over, until support members 24 are substantially parallel to an axis of pipeline pig 10 as
shown in FIG. 4, or at least until the outer diameter of support members 24 is about equal to
or less than the mner diameter of a pipeline 52. As resilient body 14 is flexible, this includes
diameters that are slightly larger that can be overcome by application of a reasonable amount
of force. Pipeline pig 10 is then inserted into a pipeline 52, and hydraulic cylinder 42 is
actuated in the opposite direction to release support members 24, as shown in FIG. 5. While
pipeline pig 10 is within the smaller diameter section 54 of pipeline 52, support members 24
will be retained in this position. Ag pipeline pig 10 enters a larger diameter section 56 of the
pipeline 52, support members 24 will be allowed to retum to the expanded diameter mode as
shown in FIG. 6, such that pipeline pig 10 is supported within the pipeline 52 by support
members 24. It will be understood that, depending on the diameter of the pipeline, support
members 24 may not reach the fully expanded mode, but may still be linited to an
intermediate position. However, it will be understood that guides 100 will be chosen such
that the diameter in the expanded diameter mode will be equal to or greater than the largest
diameter of the pipeline. In the depicted example, seal element 50 is nsed to help seal against
the inner surface of the pipeline 52 when in the reduced diameter mode, but is small enough

that it does not engage the pipeline 52 when i the expanded diameter mode.

[0045] In this patent document, the word "comprising” is used in its non-limiting sense to
mean that items following the word are included, but items not specifically mentioned are not

excluded. A reference to an element by the indefinite article "a" does not exclude the

Date Regue/Date Received 2020-06-19
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possibility that more than one of the elements 18 present, unless the context clearly requires

that there be one and only one of the clements.
[0046] The scope of the following claims should not be limited by the preferred

5  embodiments set forth in the examples above and in the drawings, but should be given the

broadest interpretation consistent with the desceription as a whole.

Date Regue/Date Received 2020-06-19
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What 15 Claimed 1s:

L. An expandable diameter pipeline pig for a varying diameter pipeline, the pipeline pig
comprising:
a pig body;

two or more guides carried by the pig body. each of the guides comprising:
a resilient body having an outer perimeter, a central area connected to the pig
body, and a folding zone between the outer perimeter and the central area;
a series of support members spaced circumferentially about the resilient body
within the folding zone: and
a series of collapsing structures positioned between, and integrally formed
with, adjacent support members, the collapsing structures comprising membranes that have a
thickness that 15 less than a thickness of the support members; and
one or more actuators carried by the pig body that selectively release the guides from
a reduced diameter mode to an expanded diameter mode, wherein, in the expanded diameter
mode, the support members extend outward relative to the pig bodv and the collapsing
structures are expanded between the support members, and in the reduced diameter mode, the
support members are folded toward the pig body and the collapsing structures are collapsed
to reduce a circumference of the outer penimeter of the resilient body, the support members

being biased from the reduced diameter mode toward the expanded diameter mode.

2. The expandable diameter pipeline pig of claim 1, wherein the membranes slope away
from a front face of the support members, the front face of the support members facing away

from the pig body in the reduced diameter mode.

3 The expandable diameter pipeline pig of claim 2, wherem the membranes are

integrally connected to the support members by living hinges.

4. The expandable diameter pipeline pig of claim 2, wherein the membranes have a

width that extends between adjacent support members and a depth relative to the front face of

Date Regue/Date Received 2020-06-19
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the support members, and the width and the depth of the membranes increases as the

membranes move away from the central area toward the outer perimeter.

5. The expandable diameter pipeline pig of claim 2, wherein the membranes comprise
planar surfaces that angle away from the front face of the support members and meet at a
central joint, the angle of cach planar surface increasing relative to the front face as each

planar surface moves from the outer perimeter toward the central area.

6. The expandable diameter pipeline pig of claim 1, wherein the resilient body is a disc-
shaped body having a front face and a rear face, the rear face folding toward the pig body in
the reduced diameter mode. wherein the collapsing structures are integrally formed with the

support members at the front face of the disc-shaped body and extend toward the rear face.

7. The expandable diameter pipeline pig of claim 1, wherein the one or more actuators
comprise a length adjustable member and a retainer that selectively engages each guide, the
length adjustable member moving the retainers along an axis of the pig body between a first
position in which the retainers retain the guides in the reduced diameter mode and a second

position in which the guides are released to the expanded diameter mode.

8. The expandable diameter pipeline pig of claim 1, whercin, in the expanded diameter
mode, the guides are sufficiently strong to independently centralize the pipeline pig m a

pipeline.

9. An expandable guide for a pig body, comprising:

a resilient body having an outer perimeter, a cenfral arca having a connection for
connecting to the pig body, and a folding zone between the outer perimeter and the central
area;,

a series of support members spaced circumferentially about the resilient body within
the folding zone;,

a series of collapsing structures positioned between, and integrally formed with,
adjacent support members, the collapsing structures comprising membranes that have a

thickness that is less than a thickness of the support members;

Date Regue/Date Received 2020-06-19
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the resilient body being mavable between an expanded diameter mode and a reduced
diameter mode, wherein, in the expanded diameter mode, the support members extend
outward relative to the pig body and the collapsing structures are expanded between the
support members, and in the reduced diameter mode, the support members are folded toward
the pig body and the collapsing structures are collapsed to reduce a circumference of the
outer perimeter of the resilient body, the support members being biased from the reduced

diameter mode toward the expanded diameter mode.

10. The expandable guide of claim 9, wherein the membranes slope away from a front
face of the support members, the front face of the support members facing outward in the

reduced diameter mode.

11. The expandable guide of claim 10, wherein the membranes are mtegrally connected

to the support members by living hinges.

12. Ths expandable guide of claim 10, wherein the membranes have a width that extends
between adjacent support members and a depth relative to the front face of the support
members, wherein the width and the depth of the membranes increase as the membranes

move away from the central area toward the outer perimeter.

13. The expandable guide of claim 10, wherein the membranes comprise planar surfaces
that angle away from the front face of the support members and meet at a central jount, the
angle of each planar surface mcreasing relative to the front face as each planar surface moves

from the outer perimeter toward the central area.

14. The expandable guide of claim 9, wherein the resilient body 1s a disc-shaped body
havmg a front facc and a rcar facc, the rcar face folding inward m the reduced diameter
mode, wherein the collapsing structures are integrally formed with the support members at

the front face of the disc-shaped body and extend toward the rear face.

15. A method of inserting a pipeline pig into a pipeline, at an insertion point, the pipeline

Date Regue/Date Received 2020-09-02
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having a first diameter at the msertion point and a second diameter downstream from the first
diameter, the second diameter being greater than the first diameter, the method comprising
the steps of:
providing a pipeline pig having a first guide and a second guide attached to a pig
body, each of the first guide and the second guide comprising:
a resilient body having an outer perimeter, a central area connected to the pig
body, and a folding zone between the outer perimeter and the central area; and
a series of support members spaced circumferentially about the resilient body
within the folding zone; and
a series of collapsing structures positioned between, and integrally formed
with, adjacent support members, the collapsing structures comprising memranes that have a
thickness that is less than a thickness of the support members;
configuring the pipeline pig in a reduced diameter mode, wherein the support
members are folded toward the pig body such that the collapsing structures collapge to reduce
a circumference of the outer perimeter of the resilient body;
with the pipeline pig in a reduced diameter mode, inserting the pipeline pig into the
pipeline at the msertion point;
releasing the support members from the reduced diameter mode such that the support
members are biased toward an expanded diameter made; and
creating a pressure differential across the pipeline pig to cause the pipeline pig to

travel toward the second diameter of the pipeline.

16. The method of claim 15, wherein the membranes slope away from a front face of the
support members, the tront face of the support members facing away from the pig body in the

reduced diamster mode.

17. The method of claim 16, wherem the membranes are mtegrally comnected to the

support members by living hinges.

18, The method of ¢laim 16, wherein the membranes have a width that extends between

adjacent support members and a depth relative to the front face of the support members, and
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the width and the depth of the membranes increases as the membranes move away from the

central arca toward the outer perimeter.

19. The method of claim 16, wherein the membranes comprise planar surfaces that angle
away from the front face of the support members and meet at a central joint, the angle of each
planar swrface increasing relative to the front face as each planar surface moves from the

outer perimeter toward the central area.

20. The method of claim 15, wherem the resilient body is a disc-shaped body having a
front face and a rear face, the rear face folding toward the pig body in the reduced diameter
maode, wherein the collapsing structures are integrally formed with the support members at

the front face of the disc-shaped body and extend toward the rear face.

21. The method of claim 15, wherein configuring the pipeline pig in a reduced diameter
mode comprises actoating a length adjustable member to move retainers that engage each

guide and fold the support members toward the pig body.

22, The method of claim 21, wherein releasing the support members from the reduced
diameter mode comprises cansing the length adjustable member to move the retainers along
an axis of the pig body between a first position in which the retainers retain the guides in the
reduced diameter mode and a second position mm which the guides are released to the

expanded diameter mods.

23. The method of claim 15, wherein, in the expanded diameter mode, the guides are

sufficiently strong to independently centralize the pipeline pig in a pipeline.
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FIG. 8
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