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(57) Abstract: Embodiments of a multi-diameter foam pig (10) include a first set of radially spaced-apart, longitudinally extending,
slots (11A) located toward a nose end (13) of the pig and a second set of radially spaced-apart, longitudinally extending, slots (11B)
located toward a tail end (23). Each set of slots ends at a band section (15A; 15B) of the pig so that, together, the two sets of slots do
not traverse the entire length of the pig. A standard-length unit version of the foam pig includes only the first set of slots (11A). A set
of shorter, intermediate slots, offset in a circumferential direction from the first and second set of slots and partially overlapping those
slots, may be included on the band section. Because of the slots, and because of open cell foam, the foam pig decreases or increases
in diameter as it enters a different diameter run than the run just traveled.
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MULTI-DIAMETER FOAM PIG

BACKGROUND

This disclosure relates to pigs used in pipeline applications and, more particularly, to
foam pigs of medium to high density weight. Because many pipelines include sections or
runs having a different pipeline diameter than that of other runs, a need exists for a foam pig
that can traverse multi-diameter pipelines and pipeline accessories that are pig-able such as
wyes, tees, reducers and valves.
SUMMARY

Embodiments of a long-length unit version of a multi-diameter foam pig include a
first set of radially spaced-apart, longitudinally extending, slots located toward a nose end of
the pig and a second set of radially spaced-apart, longitudinally extending, slots located
toward a tail end of the pig. Each set of slots ends at banded section of the pig so that,
together, the two sets of slots do not traverse the entire length of the pig. A standard-length
unit version of the foam pig includes only the first set of slots which end at the first band, and
may include a set of intermediate shorter slots offset from the first set that extend, at least
partially, into the band. Because of the slots, and because of the open cell foam, the foam pig
decreases or increases in diameter as it enters a different diameter run than the run just
traveled yet still moves forward under differential pressure through this different diameter run
while engaging the pipeline wall. The pig can squeeze down to a minimum diameter of about

half that of its maximum diameter and then return to its maximum diameter size.



10

15

20

WO 2017/223567 PCT/US2017/039309

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a left side (nose end) elevation view.

FIG. 2 is a front elevation view of an embodiment of a long-length unit version of a
multi-diameter foam pig. A standard-length version of the foam pig includes only the first set
of slots and the first band. Another set of slots, located on the band, may be offset from this
first set.

FIG. 3 is a right side (tail end) elevation view.

FIG. 4 is an isometric view.

FIG. 5 is a view taken along section line 5-5 of FIG. 1. Embodiments may include a
reinforcing rod through, and spacers in between, the core sections.

FIG. 6 is an isometric view of an embodiment illustrating the slots in a fully open
position.

FIG. 7 is a view taken along section line 7-7 of FIG. 6.

FIG. 8 is an isometric view illustrating the slots in a fully closed position.

FIG. 9 is a view taken along section line 9-9 of FIG. 6. The pig may compress from a
maximum diameter D1 to a minimum diameter D3.

FIG. 10 is an isometric view of an embodiment illustrating the slots in a fully open
position.

FIG. 11 is an isometric view illustrating the slots in a fully closed position.

FIG. 12 is a front elevation view of an embodiment of a standard-length unit version
of a multi-diameter foam pig. The pig also may include the intermediate slots toward its tail

end like those shown, for example, in FIG. 2.
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Elements and Numbering used in the Drawings and Detailed Description
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DEFINITIONS

Density — following generally accepted foam pig manufacturing industry standards,
low density is 1 to 2 Ibs/fi? {4.88 to 9.77 kg/m?], medium density is 5 to 7 Ibs/ft? [24.42 to
34.19 kg/m?], and high density is 8 to 10 1bs/ft? [39.07 to 48.04 kg/m?].

Standard-length unit — a pig length equal to twice the pipeline diameter (e.g., a
standard- length foam pig for a 16-inch diameter pipe [40.64 cm] is 32 inches [81.28 cm]).

Long-length unit — a pig length greater than twice the pipeline diameter (e.g. a long
length foam pig for a 16-inch diameter pipe is 64 inches [162.56 cm]). A long-length unit can
traverse certain pipeline accessories such as wyes that a standard-length unit cannot.

Multi-diameter — more than two pipeline diameters.
DETAILED DESCRIPTION

Embodiments of a foam pig according to this disclosure may traverse multiple
pipeline diameters, for example, from a maximum inside diameter of 8 inches to a minimum
of 4 inches [20.32 to 10.16 cm], 11 to 6 inches [27.94 to 15.24 cm), or 17 to 9 inches sizes
[43.18 to 22.86 cm]. In embodiments, the foam pig includes a first set of slots located about a
body of the foam pig between a nosed end and first circumferential band located toward the
tail end of the pig. Each slot of the set tapers from a top end to a bottom end of the slot,
extends longitudinally, is radially spaced-apart from the other slots of the set, and has an open
position and a closed position. In some embodiments, the foam pig is extended in length and
includes a second set of slots like those of the first set. This second set of slots is aligned with
the first set and is located between the first circumferential band and a second circumferential
band located toward the tail end of the foam pig. The foam pig may include a bypass flow
passageway arranged coaxial to a central longitudinal axis of the pig.

When the slots are in a fully open position, the foam pig has a first diameter D1.

When the slots are in a fully closed position the foam pig has a smaller diameter D2. The
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slots may be trapezoidal-shaped or triangular-shaped in cross-section. Because the foam pig
makes use of open cell foam, the pig may compress further to a minimum diameter D3. A
ratio of D1-to-D3 may be 2-to-1 or D3 = 0.5D1. In other embodiments, D3 = X * D1 where
X is in a range of 0.33 to 0.67.In other embodiments of the foam pig, a set of intermediate
shorter slots is located at least partially on the circumferential band, spaced between the first
or second set of slots in a radial or circumferential direction, and partially overlapping the
first or second set of slots.

The foam pig may include least a portion made of a medium density foam or a high
density foam. In some embodiments, the foam pig may include a first density foam and a
second higher density foam. Each foam portion of the pig is arranged coaxial to the central
longitudinal axis of the pig, with the second higher density foam surrounding the first density
foam. The first density foam may define a core section of the pig. Other embodiments do not
require this kind of lower density core section. The set of slots, including any of the
intermediate slots, is located entirely in the second density foam. An outer skin of the foam
pig can be a baked, uncoated surface.

The foam pig may be made using a process like that disclosed in US 4797239 A,
which is incorporated by reference herein, to provide a tough skin surface. In some
embodiments, the second density foam is a urethane foam like that used in REDSKIN™
foam pigs (T.D. Williamson, Tulsa, Oklahoma). The amount of second density foam that can
be used and still cure properly may be limited due to such factors as chemical properties,
expansion of the foam, and the process of baking the foam. Therefore, the first density foam
may serve, in part, as “make-up” foam. The foam pig’s core can be altered according to the
size of pig so that the amount of second density foam cures properly. For example in a foam

pig designed to traverse 17-to-9 sized diameter pipe, the core made of the first density foam
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makes up about 4.5 1bs [2.04 kg] of the pig’s total weight and the second density foam makes
up about 47.8 lbs [21.7 kg].

In other embodiments, the foam pig may include a bypass passageway, which may be
a stainless steel tube running an entire length of the pig. The pig may also include a
reinforcement tube arranged about and coaxial to the bypass flow passageway and extending
longitudinally through the core. The reinforcement tube may be polyethylene pipe filled with
foam. Additional spacers may be located about the reinforcement tube and placed between
adjacent core sections.

In embodiments, the foam pig may be formed using a first split mold and a second
split mold that can connect to the first split mold. Standard-length units may be made using
the first split mold and long-length units may be made using the first and second split molds
when connected together.

Referring to the drawings, embodiments of a long-length unit multi-diameter foam pig
10 includes a first set of radially spaced-apart longitudinally extending slots 11A located
toward a nose end 13 of the pig 10 and a second set of radially spaced-apart longitudinally
extending slots 11B, aligned with the first set 11A and located toward a tail end 23 of the pig
10. Each set of slots 11A & B ends, respectively, at a circumferential band 15A & B of the
pig 10 so that, together, the slots 11A & B do not traverse the entire length L of the pig 10. A
standard-length unit version of the foam pig 10 includes only the first set of slots 11A which
ends at the first band 15A and does not traverse the entire length L of the pig 10. In this
embodiment, the pig 10 includes a first or forward half 14 and a second or rearward half 24,

The band 15 allows a fabrication option of the standard- or long-length unit version
with its own back-sealing capability while only having to do minor re-configuring of the

mold. In both the standard- and long-length unit versions, the band 15A & B provide sealing,
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In the long-length unit version, the first (or middle) band 15A provides reinforcement and
serves as a dividing point between the two halves 14, 24,

In some embodiments, the band 15 is a solid (slot-free) band. In other embodiments,
the band 15 includes a set of radially spaced-apart longitudinally extending intermediate slots
41. These slots 41 are offset from, and spaced between, the slots 11. In long-length unit
versions of the foam pig 10, the slots 41A, 41B may extend into the first and second halves
14, 24 of the pig 10 and partially overlap the slots 11. In some embodiments, the slots 41A
are longer than the slots 41B. The slots 41 may extend an entire length of a respective band
15 or extend only partially into the band 15.

In embodiments, a width “w” of the slots 11 is wider at a top end 18 of the slot 11
than at the bottom end 19. The slot 1 1, therefore tapers. In some embodiments the slots 11 are
symmetric trapezoidal-shaped in cross-section. In other embodiments, the slots 11 may be
triangular prism-shaped in cross-section. At the top end 18, the width w of the slot 11 when
fully open is about 60° of arc (decreasing as the slot 11 moves to a fully closed position). For
example, a 60 degree arc on a 17-inch [43.18 cm] diameter foam pig 10 equates a width w of
about 2 inches to 2-1/2 inches [5.08 ¢cm to 6.35 cm)].

In other embodiments, the width w when fully open is in a range of 30° to 45°, 45° to
60°, 50° to 70°, or 60° to 75° of arc. The depth “d” of the slots 11 is such that the slots 11 do
not enter into the pig’s core 20. The bottom end 19 of the slot 11 may include a radius (e.g.
0.25 inches [0.635 cm]). Regardless of shape, the slots 11 are sized so the pig 10 can move
between a first (maximum) diameter D1, a second (smaller) diameter D2, and intermediate
diameters between these two diameters D1, D2. At the first diameter D1, the slots 11 are fully
open. At the second diameter D2, the slots 11 are fully closed. The pig’s 10 open cell foam
allows the pig 10 to further reduce to a third (minimum) diameter D3. This diameter D3

occurs when the slots 11 are closed — or in embodiments with slots 41, slots 11 and 41 are
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closed — and the open cells of the foam are squeezed to a maximum. D3 may be in a range
of 0.47D1 to 0.53D1. In some embodiments, D3 is 0.5 D1. In other embodiments, D3 is in a
range of 0.50D1 to 0.53DI. In yet other embodiments, D3 may be in a range of 0.33D1 to
0.67D1, there being subranges within this broader range.

The first diameter D1 may be sized for the largest diameter run to be encountered in
particular pipeline application and the third diameter D3 may be sized for the smallest
diameter run, there being intermediate diameters D2 in between. The different diameter runs
encountered by the pig 10 can appear in any order and a same diameter run may appear more
than once along the length of the pipeline. Regardless of the order in which the diameter
changes, the outer circumferential body 17 of pig 10, including ring 15, maintains sealing
engagement with the pipeline wall and moves forward or backward under the required
differential pressure for a given application.

The foam pig 10 may be a medium density foam pig or a high density foam pig. The
pig’s core 20, which may be arranged as single section or two or more spaced-apart sections,
can be a polyurethane, open cell foam or its equivalent and optionally includes a bypass flow
passageway 31 coaxial to the central longitudinal axis 33 of the pig. The pig 10 may also
include a reinforcement tube 35 arranged coaxial to the bypass flow passageway 31 and
extending longitudinally through the core 20. The tube 35 may be polyethylene pipe filled
with foam . Additional spacers 37 may be located about the reinforcement tube 35 and placed
between adjacent core sections 20. Spacer 37 may also be placed between the core 20 and an
end 13, 23 of the pig 10.

The pig 10 may also include a first density foam and a second higher density foam
respectively. Both foams may be high density or medium density, or the first foam may be a

medium density foam and the second foam a high density foam. In some embodiments, the
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foam 25 surrounding the core 20 is a polyurethane (or its equivalent) foam having a higher
density than that of the core 20.

The pig’s outer skin 21 can be formed by the normal curing process of the
polyurethane formulation in the mold to create a protective coating. The tail end 23 of the
finished foam pig 10 can be inwardly curved or dish-shaped and may be coated with a sealing
compound, preferably a solid (non-foam) polyurethane or its equivalent.

Unlike prior art foam pigs which are coated with polyurethane after curing, there is no
additional coating of the finished pig body surface (including slots 11). An embodiment of a
process used to make the pig 10 “bakes” a thin (about 2 to 3 mm) skin 21 which strengthens
the integrity and durability of the pig 10.

While embodiments have been described in detail, a multi-diameter foam pig of this
disclosure may be subject to modifications that fall within the scope of this disclosure.
Therefore, the following claims are entitled to the full range of equivalents to the recited

elements and steps.
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WHAT Is CLAIMED
1. A foam pig comprising:

a first set of slots located about a body of the foam pig and having a fully open

position and a fully closed position, slots of the first set of slots
5 longitudinally extending and being radially spaced apart from one
another;

a first circumferential band located between a nose end and a tail end of the
foam pig, the first set of slots located between the nose end of the foam
pig and the first circumferential ring segment;

10 the foam pig having a first diameter D1 when the first set of slots is in a fully
open position and a second smaller diameter D2 when the first set of

slots is in a fully closed position.

2. A foam pig according to claim 1 further comprising slots of the first set of slots
15 tapering from a top end to a bottom end of the slots.
3. A foam pig according to claim 2 further comprising the slots being trapezoidal-shaped

in cross-section.

20 4. A foam pig according to claim 2 further comprising the slots being triangular-shaped

in cross-section.

5. A foam pig according to claim 1 further comprising a first density foam and a second

higher density foam each arranged coaxial to a central longitudinal axis of the foam

25 pig, the second higher density foam surrounding the first density foam.

10
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10.

11.

12.

13.

A foam pig according to claim 5 wherein the first density foam defines at least one

core section of the foam pig.

A foam pig according to claim 5 wherein the first set of slots is located entirely in the

second density foam.

A foam pig according to claim 1 wherein a minimum diameter D3 of the foam pig is

in a range of 0.47 D1 to 0.53 D1, D2 > D3.

A foam pig according to claim 1 further comprising an outer skin of the foam pig, the

outer skin being a baked, uncoated surface.

A foam pig according to claim 1 further comprising a bypass flow passageway

arranged coaxial to a central longitudinal axis of the foam pig.
A foam pig according to claim 10 further comprising a tube located about the bypass
flow passageway and extending at least partially through the at least one core section

of the foam pig.

A foam pig according to claim 10 further comprising a spacer located about the

bypass flow passageway and adjacent to the at least one core section.

A foam pig according to claim 1 further comprising at least a portion of the foam pig

including a medium density foam.

11
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14. A foam pig according to claim 1 further comprising at least a portion of the foam pig

including a high density foam.

5 15. A foam pig according to claim 1 further comprising:

a second set of slots located about the body of the foam pig and having an
open position and a closed position, slots of the second set of slots
longitudinally extending and radially spaced apart from one another;

a second circumferential band located toward the tail end of the foam pig, the

10 second set of slots aligned with the first set of slots and located
between the first circumferential band and the second circumferential

band.

16. A foam pig according to claim 1 further comprising an intermediate set of shorter

15 slots located about the body of the foam pig and having an open position and a closed
position, slots of the intermediate set of shorter slots longitudinally extending and

radially spaced apart from one another and not aligned with the slots of the first set,

the intermediate set of shorter slots partially overlapping those of the first set and

extending into the first circumferential band.

20
17. A foam pig comprising:

a first and a second set of slots located about a body of the foam pig and
having an open position and a closed position, slots of the first set
extending longitudinally and being radially spaced-apart from one

25 another;

12
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a first and a second circumferential band located between a nose end and a tail
end of the foam pig, the first set of slots located between the nose end
of the foam pig and the first circumferential band, the second set slots
located between the first circumferential band and the second

5 circumferential ring band;

the foam pig having a first diameter D1 when at least one of the first and
second set of slots is in a fully open position and a second smaller
diameter D2 when at least one of the first and second set of slots is in a
fully closed position.

10
18. A foam pig according to claim 17 further comprising:

a first and a second set of intermediate shorter slots located about the body of
the foam pig and having an open position and a closed position, slots
of the first and second set of intermediate shorter slots longitudinally

15 extending and radially spaced apart from one another and not aligned
with the slots of the first or second set, the first and second set of
intermediate shorter slots partially overlapping those of the first or
second set and extending at least partially into the first or second
circumferential band, respectively.

20

19. A foam pig comprising:

a body including a baked, uncoated outer skin and containing a bypass

passageway, a first density foam, and a second higher density foam

each arranged coaxial to a central longitudinal axis of the foam pig, the

13
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second higher density foam surrounding the first density foam, the first
density foam defining at least one core section of the foam pig;

a reinforcement tube located about the bypass flow passageway;

a first and a second set of slots located about the body and having an open
position and a closed position, slots of the first and second set of slots
extending longitudinally and being radially spaced-apart from one
another, each slot of the first and second set of slots tapering from a
top end to a bottom end of the slot;

a first and a second circumferential band located between a nose end and a tail
end of the foam pig, the first set of slots located between the nose end
of the foam pig and the first circumferential band, the second set of
slots located between the first circumferential band and the second
circumferential band;

a first and a second set of shorter slots located about the body and having an
open position and a closed position, slots of the first and second set of
shorter slots located at least partially on the first and second
circumferential bands, respectively, and offset in a circumferential
direction from those of the first and second set of slots, each slot of the
first and second set of shorter slots tapering from a top end to a bottom

end of the slot.

20. A foam pig according to claim 1 further comprising at least one spacer

arranged about the bypass flow passageway and immediately adjacent to the at

least one core section.

14
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