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(57) Abrégée/Abstract:
A pipeline pig (10) includes a plurality of relief channels (34) and a bypass channel (32) extending therethrough. To regulate a
speed of the pipeline pig, relief valves within the relief channels open when a differential pressure between upstream and
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(57) Abrege(suite)/Abstract(continued):
downstream ends of the pipeline pig reaches a pre-selected minimum relief pressure, If the differential pressure reaches a pre-

selected maximum relief pressure, such as when the pipeline pig encounters an obstruction, the relief valves close to allow the
differential pressure to further increase to clear the obstruction, If the further increase In differential pressure Is insufficient to clear
the obstruction and the differential pressure reaches a pre-selected minimum bypass pressure, a bypass valve opens to permit fluid
flow through the bypass channel while the relief valves are closed. Flow through the bypass channel operates to reduce turbulence

and permit production through the pipeline If the pipeline pig becomes stuck and obstructs the pipeline.
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(57) Abstract: A pipeline pig (10) includes a plurality of relief channels
(34) and a bypass channel (32) extending therethrough. To regulate a
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speed of the pipeline pig, relief valves within the relief channels open
when a differential pressure between upstream and downstream ends of

P 12 | /, \E"‘_ | the pipeline pig reaches a pre-selected minimpm relief pressure, If the dif-

B e —~— = R | ferential pressure reaches a pre-selected maximum relief pressure, such as

a a — . ( when the pipeline pig encounters an obstruction, the reliet valves close to

‘_i —~ T 1 - ) ) allow the differential pressure to .further incr;age to clcf:a;r the obstruction,
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= — | L3 ' struction and the differential pressure reaches a pre-selected minimum by -

s —1_ | |._,, [ Dass pressure, a bypass valve opens to permit fluid tlow through the by-

3 ~T<7ra —— = ,f,/ t,\ pass channel while the relief valves are closed. Flow through the bypass

( §E§ = \j !!C - channel operates to reduce turbulence and permit production through the
= —— ' = s pipeline 1f the pipeline pig becomes stuck and obstructs the pipeline.
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VARIABLE SPEED PIPLLINE PIG WITH INTERNAL FLOW CAVITY

BACKGROUND OF THE INVENTION
i. ield of the Invention
{3801} Embodiments of the present invention relate generally 10 a pipehine pig that s
propelied by the pressure of a pipeline fthad flowing through a pipeline.  In particular,
cmbodiments of the wmvention relate t0 a pipehne pig with a pluraidy of distinet flow
channels extending therethrough that sclectively permit and prohibit flow of the pipeline fhud

through the pipehing pig.

2, Deseription of the Related Art

[G802] An mstrument for mnspecting, cleaning, and mamntaining a pipeline 18 often referred to
a8 a pipeline pig. In some apphications, the pipeline pig 18 propelled along an miterior of the
pipehine under the pressure of a pipelme fluid flowimng through the pipeline. To facilitate
advancement of the pipeline pig, one or more tlexibie guide disks or cups are often provided
that extend outwardly trom a longitudmal body of the pipehine pig. The floexable guide disks
extond 10 an mierior wall of the pipehine $o as {0 form a seal between the pipeling and the
pipehine pig. I the seal 1s substantially complete, the pipeline pig 18 mduced {0 travel at the
speed of the pipeline fluid.  In some apphications, flow channels are provided through the
pipehine pig to permit 4 portion of the pipeline thnd to Hlow through the pipeline pig, therchy

regulating the speed of the pipeling pig.

{38031 Buildup of debris within the pipeline can be problematic for the operation of the
pipeiine pig. Debris ahead of the pig may slow the pipeline pig below a munumum speed
required for carrving out the deswed apphlication, or in some mstances, can completely
prevent the pipeline pig from moving forward through the pipeline. Also, tlow channcls for

regulating a speed of the pipehine prg reduce the maximum fhad force that can be apphied to

-1-
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the pipeline pig to drive it through the pipeline, and thus can mncrease the likelihood that the
pipehine pig will become stuck mn the pipehne when debris or other obstructions are
cncountered. I the pipeline pig becomes stuck m the pipeline, flow of the pipeline thad can
be restricted or impeded. Ofien, contingency plans to recover the pipeline pig include cutting
the pipelime at the pomnt where the pig 18 stuck i order to remove i, Onge the pig 18
removed, the pipeline 18 then reconnected and put back n service. This contingency plan 1s

costly due to mbibited pipeline tlow and downtime while the pipeling is cleared.
SUMMARY OF 1HE INVENTION

{80884} Described herein are sysiems and methods for controlling a flow of pipehine thud
through a pipehine pig. Embodiments of the systems and methods mclude rehef channels that
can be selectively opened and closed to regulate both the speed of the pipehne pig and the
tluid force available behind the pipeline pig for clearing obstructions ahead of the pipehine
pig. Flow of the pipeline fluid can be diverted from the rehiet channels {0 a central bypass
channcl to permit confinued production through the pipehine in the event the torce requured to

clear an obstruction 1s unsafe for the pipeline pig or the pipchne.

{3885} According to one aspect of the mwvention, a pipeline pig includes a housing defining a
trathing ond, a leading end and longitudinal axis extending therchetween. A bypass channel
extends longuudinally through the housing between the trading end and the leading end. A
bvpass valve 1s disposed within the bypass channel. The bypass valve 15 operable to maintain
a restrictive configuration in which a pipeline fhid 13 prohibited from flowing through the
bypass channel when a differential pressure eostablished i the pipeline fluid between the
traiing cnd and the lcading cnd of the housing 1s below a pre-selected nunimum bypass
pressure. The bypass valve 1s also operable 10 move 10 a bypass configuration 1 which the
pipehine fluid 18 permited to tlow through the bypass channel in response to the differential
pressure reaching the pre-selected munumire bypass pressure. At least one reliet channel
extends longitudmally through the bousing between the tratling end and the leading end. At
icast one rehiet valve 18 disposed within the at least one relief channel, and 18 operable (o
move from a {irst closed configuration to an open configuration mn response to the ditferential
prossure reaching a pre-selected nunimum relict pressure. The at least one reliet valve 1s also
operable to move from the open configuration 10 a second closed configuration in response 1o
the differential pressure reaching a pre-selecied maxumum relief pressure. The at least one
reliet valve prohibits flow of the pipehine fhnd through the at lcast one rehief channel when n

the first and second closed configurations and permits flow of the pipehine fluid through the

.
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at least one reliet channel when i the open configuration. The pre-selected minimum bypass
pressure 18 greater than the pre-selected maximum rehiet pressure, and the pre-selected
maximum relief pressure 18 greater than the pro-selected mimmnurn relict pressure.

{3806} In some cmbodiments, the at lcast one relict valve mceludes a closure member that 18
respectively movable between first and second seats {0 move the at least one reliet valve
between the first and second closed contigurations. The closure member 1S biased toward the
first seat and away from the second seat by a biasing momber sych that the biasing member
defines the pre-selected nunupum rehief pressure and the pre-selected maximum relied
pressure. In some embodiments, the pre-selected mimimum relief pressure 1s 1o the range of |
nsi to 3 pst and the pre-selecied maximum reliet pressure 18 1o the range of 4 psito 6 psy. In

some embodiments the pre-selected minimum bypass pressure 15 greater than 90 psi

{38071 In some embodiments, the bypass channel 15 centrally disposed within the housing,
and the at least one rehief channel inchudes a plurality of reliet channels radially disposed

about the bypass channel.

[BB08] In some cmbodiments, the bypass channel includes a tapering constriction therein
such that the bypass channel defines a venturi. The tapering constriction 18 detined between
an outer wall of the bypass channel and a closure member of the bypass valve disposed
within the bypass channel. The closure meomber 18 operable 10 move the bypass valve
between the restrictive configuration and the bypass configuration. The bypass valve further
includes a biasing member operable to mamtain the closure member 1n contact with a bypass
seat 1o maintam the bypass valve m the restrictive configuration. The biasing member 18

responstve 1o the ditterential pressure to adjust the size of the tapering constriction.

{3809} In some cmbodiments, the bypass valve mcludes an mner wall extending through at
least a portion of the bypass channel, and the closure member 18 arranged to form a tapered

profile with the mner wall when the bypass valve 18 10 the bypass configuration.

13010] According to another aspect of the mvention, a pipehine pig mncludes a housing
defining a trailing end, g leading end and longitudinal axis extending thercbetween. At least
one reliet channel extends longitudinally through the housing between the trailing end and
the leading end, and the at least one reliet channel defines an annular wall, A closure
member 18 disposed within the annular wall, and the closure member 18 operable to engage a
first seat to restrict thurd flow through the rehief channel and operable {0 disengage the first
seat to permit thad flow through the reliet channel. An annular space 18 delined between the

v

closure member and the annular wall, The annular space exhibits a4 smaller cross-section than
3.

o
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regions of rehief channel upstream and downstream of the closure member such that the

annular space represents a constriction {or flaid flow, and the rehef channel defines a ventun,

13011} o some embodiments, the closure member 1s further operablc 10 engage a soecond seat
to vestrict thud flow through the relief channel while the closure member 15 disengaged from
the first scat. The closure member 18 biased toward the first seat and away from the second
seat by a biasing member such that the biasing member 1s operable 0 passively maintain the
closure member in cugagement with the first seat if a differential pressure costablished
between a tratling end and a leading end of the housing 18 less than a pre-selected minmmum
reliet pressure. The biasing member 18 also operable 1o permit the closure member {0 engage
the second seat it the differential prossure 18 greater than a pre-selected maxamum reliet

pressure.

{36121 In some embodiments, the pipeline pig further mnchudes a bypass channel and a bypass
valve. The bypass channel extends longitudinally through the housing between the trailing
cnd and the lcading end thereof, and the bypass valve 1s operable 1o selectively move between
restrictive and bypass configurations o respectively restrict and pernut fiud flow through the
bypass channel. The bypass valve is operable move from the restrictive contfiguration to the
bypass conliguration 1n response to the ditferential pressure reaching a pre-selected muniim
bypass pressure, and the pre-sclected mimimurm bypass pressure 18 greater than the pre-
selected maximum relief pressure such that the bypass valve moves to the bypass
configuration while the closure member 1s engaged with the second scat and {hnd Hlow

through the at least one reliet channel s restricted.

{3813} In some ombodiments, the closure merber 15 operably coupled to an actuator, and the
actuator 18 operable {0 move the closure member mnto engagement with the first secat if a
ditterential pressure established between a tratling end and a leading end of the housing s
less than a pre-selected munymum rehef pressure, and operable to move the closure member
into engagement with the second seat if the differential pressure 1s greater than a pre-selected

maximum relief pressure.

{3814] According to another aspect of the mvention, a method of controlling a flow of
pipeline fluid through a pipeline pig that mcludes a bypass channel and at least one relief
channel extending therethrough mncludes the steps of {a) mserting the pipeline pig mio a
pipehine through which the pipeline fhud s flowing, {(b) increasing a differential pressure
cstabhished m the pipeline thuid between a trathng end and a leading end of the pipehne pig

such that the diftercntial pressure sequentially reaches a pre-selected nunumum reliet

4.
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pressure, a pre-selected maxymum relief pressure and a pre-selected muinimum bypass
pressure, (C) opemng the at least one rehiet valve to permiut the pipeline Hhuid to flow through
the reliet channel when the difforential pressure reaches the pre-selected nunumum reliet
pressure {d) closing the at least one relief valve to restrict the flow of pipeline fluid through
the relief channel when the differential pressure reaches a pre-selected maximum reliet
prossure, and {¢) opening 8 bypass valve 1o permit the pipeline flnd to tlow through the
bvpass channel when the differential pressure reaches the pre-selected minimum bypass

pressure.

[68158] In some embodiments, the step of opening the at least one relief valve includes
COMPressing 8 Compression spring to move a closure mernber out of contact with a first seat.
The step of closing the at least one relief valve meiudes further compressing the Compression

spring to move the closure member mto contact with a second seat.

BRIEFDESCRIPTION OF THE DRAWINGS

[3816] So that the manner 1w which the above-recited features, aspects and advantages of the
ivention, as well as others that will become apparent, are attained and can be understood in
detail, a more particuiar description of the mvention brictly summarized above may be had
by reference to the embodiments thereof that are illustrated 1o the drawings that form a part of
this specitication. It 18 to be noted, however, that the appendoed drawings illustrate only
preferred cmbodiments of the mvention and are, therctore, not 10 be considered limiting of

the mvention's scope, tor the invention may admit to other equally effective embodiments.

{38171 FIG. 1A 18 a schematic cross-sectional side view of a pipeline pig including a passive
bypass valve and a plurality of passive rchiet valves 1 accordance with an cxample

cmbodinent of the present invention,
(G818} FIG. 1B 18 an end view of the pipeline pig of FIG. 1A,

10019 FIGS. 2A through 20 are schematic side views of one of the rehief valves of FIG. 1A
arranged respectively i a first closed configuration, an open configuration and a second
closed configuration, illustrating an cxample sequence of operation in accordance with an

cxample embodiment of the present tnvention.

{B020] FIGS. 3A and 3B are schematic side views of the bypass valve of FIG. 1A arranged

respectively i a restrictive configuration and bypass configuration.
[8821] FIG. 4 15 a tlow diagram iHustrating a method of controlling a flow of pipeline flud
through a pipehine pig in accordance with an example embodiment of the present mnvention.

5
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(6622} FIG. 5 15 a schematic cross-sectional side view of an a pipeline pig mcluding active

reliet and bypass valves accordance with an alternate example embodiment of the invention.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

{3023] The prosent mvention will now be described more tfully heremafter with reference to
the accompanying drawings which dlustrate embodiments of the mvention. This mvention
may, however, be embodied m many different torms and should not be construed as himited
to the illustrated emboduments set forth hercin. Rather, these embodunents are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of the

invention to those skilled 1n the art.

({30241 Referming to FIGS. TA and 1B, pipehine pig 10 18 constrycted m accordance with an

“P.7 Pipeline pig 10 mcludes housing 12, wihich detines a downstream or leading end 14, an
upstream or traithing end 16 and longitudinal axis “A” extending therebetween. A pressure
differential established m pipebine Hlnd “F” between leading end 14 and traihing end 16
propels pipeline pig 10 through the mterior of pipeline “P.7 As used herem, unless otherwise
speciiied, the phrase “ditfercntial pressure” designates a relatively high pressure on an
apstream side {generally designated 1 the figures by “U” {toward tratiing end 16)) of
pipeiine pig 10 with respect to a relatively low pressure on a downstream side {gencrally
designated m the figures by DY (toward lcading end 143). A plurality of bracketed front

guide discs 18, and bracketed rear guide discs 20 are disposed about housing 12 at leading

ond 14 and trarling end 16 respectively, Bracketed front guide dises 1R and bracketed vear
ounde disks 20 sealingly contact a wall of pipeline “P” 10 scrape deposits therefrom and to
ouide pipeline pig 10 through pipehine “P.” Pipchine pig 10 15 propelied as pipeline fluid “F,”
as indicated by arrows 22, push pipeline pig 10, In some embodiments, pinger 24 18 inchuded
within or mounted to housing 12 of pipeline pig 10, Pinger 24 18 operable 10 provide a signal
to facihitate deternunation of a focation of pipeline pig 10 throughout deployment of pipeline

pig 10w pipehine “P”

{3825] Internal flow cavity 30 extends longitudinally through pipehine pig 10 between
trating end 16 and lcading end 14 of housing 12, Internal flow cavity 30 mchudes bypass
channel 32 cxtending centrally therethrough and a plurahity of distinct reliet channels 34
rachially disposed about bypass channel 32, In the embodiment ilustrated, eight (8) relief
channels 34 are provided although more or fewer are provided mn other emmbodiments. Bypass

valve 42 18 provided withun bypass channel 32, As described in greater detail below, bypass

-
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vaive 42 18 operable to selectively restrict and permit flow of pipehine fhud “F” through
bypass channel 32, Reliel valves 44 are provided within each relief channel 34, Relbief
vaives 44 are operable to selectively resinict and pernut flow of pipehine thud “F through
respective relief channels 34, In the embodiment illustrated, bypass valve 42 and relict
valves 44 are longitudinally adjacent although, i other embodiments, bypass valve 42 18

disposed m an upstream position or in a downstrear position with respect to relief valves 44,

[3826] Rctermng now to FIGH., ZA through 2C rvchef valve 44 18 selectively movable
between at least three distinet configurations including a first closed configuration (FIG. 2A),
an open contiguration (FIG. 2B} and a second closed contfiguration (FiG. 2C). Relef valve
44 mcludes closure member 50 that 18 respectively movable between first seat 532 and second
seat 54 to move relief valve 44 between the first and second closed configurations. Closure
member SO 15 biased toward first seat 52 and away from second seat 54 by biasing member
56. In the dHustrated crobodiment, biasing member 56 18 a compression spring coupled
between closure member 5O and support plate 58, and 18 disposed m a downstream position
with respect to closure member 30. Thus, biasing member 56 provides a force to the closure
member 50 1 a direction opposite a direction of a flow of pipeline fthud “F” as mdicated by

GrTOW 22,

30271 As llustrated 1 FIG. 2A, when a differential pressure between upstream and
downstream sides of closure member 54 18 maimntamed below a pre-selected minimum reliet
pressure, the force of biasing member 36 1s sufficient to mamtam closure member 50
sealing contact with first seat 52. Upstream end 60 engages first seat 532 i the first ¢closed
contfiguration 1o form a metal-to-metal seal therewith, In some cmbodiments, upsiream end
68 15 construcied of a relatively soft material such as a brass or tin alioy to establish a thud-
tight seal with relatively hard first seat 532, which 18 constructed of steel.  In other
cmbodiments, other materials including elastomers or other non-metallic maternals such as
polyetheretherketone (PEEK) polymers are provided m at icast one of upsircam end 6{ or

first seat 52 to tfacilitate formation of a fluud-tight seal.

[3828] When the differential pressure between upstream and downstream sides of closure
mermber 50 reaches the pre-sclected munumum relict pressure, rehief valve 44 moves from the
first closed configuration of FIG. ZA 1o the open configuration of FIG. 2B, The pre-selected
mnimum relief pressure 15 the pressure necessary for the pipeline fthud “F” pressing upon an
upstream ond 60 of closure moember 50 to overcome the biasing force of biasimng member 50

that maintains upstream end 60 in sealing contact with first seat 52, In some embodiments,
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the pre-selected mmimum reliet pressure associated with each of reliet valve 44 s equivalent,
and 18 10 the range of | psi (0 3 pst. In other ermnbodiments, cach rehet valve 44 15 associated
with an mcremental pre-selected muumum relief pressure such that rehef valves 44 moves o
the open configuration sequentially as the differential pressure increases.  In some
embodiments, each pawr of radially opposite rehiet vaives 44 15 associated with the same pre-
selected munimum reliet pressure such that opposmng rehet valves 44 move 1o the open
s

configuration simultancously to balance the flow of production fluid *F

flow cavity 30 (FIG. 1A).

through internal

100291 As lustrated 1 FIG. 2B, upstream end 60 and downstream end 62 of closure member
50 each exhibit a hemisphernical or bulbous profile, which guides pipeline thud “F7 into and
out of an annular space 04 surrounding closure member 50, Annular space 64 is defined by
annular wall 66 of bypass channel 34 with an increasing inner diameter from first seat 52 and
second seat 534 toward a longitudimally central region of anmuilar space 64, Annular space 64
cxhibits smaller cross-sectional arca than regions of relict channel 34 upstreamn and
downstream of closure member 30, and thus, annular space 04 represents a constriction for
fhuid flow. A venturt 18 defined by this constriction in the flow of pipeline fluid *F,” as will
be appreciated by those skalled  the art. The shape of annular space 64 compliments the
shape of upstrcam ond 60 and downstream end 62 t0 discourage turbulence in the flow of
pipehine thud “F” through relief channel 34 and thereby manage crosion of annular wall 66,
closure member 30 and other surfaces as appreciated by those skilled 1o the art. Flow of
pipeline fhud “F” through rehiet channel 34 serves {o imut the speed of pipehine pig 10 (FIG.

{86301 When the differential pressure i pipeline fluid “F7 between upstream and
downstream sides of closure member 50 reaches a pre-selected maximum rehef pressure,
relict valve 44 moves from the open configuration of FIG. 2B to the second closed
configuration of FIG. 2C. In some embodiments, the pre-selected maximum relied prossure
associated with reliel valve 44 15 1 the range of 4 pst 0 6 psy, as 18 often realized when
pipeline pig 10 encounters an obstruction or debris 1o pipeline “P7 (FIG. 1A}, Downstream
cndd 62 engages second seat 54 1 the second closed configuration 1o form a seal therewith,
As one skilied 1in the art will appreciate, i some embodiments, downstream end 62 and
second seat §2 are constructed of any of the materials described above for the construction of

upstream end 60 or first seat 52 1o facilitate formation of a fluwd-tight seal.
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[6831] In the event that the differential pressure 18 reduced to below the pre-selected
maximum reliet prossure, as 18 often realized when an obstruction 18 cleared from pipeline
“PUAFIG. 1A) downstream of pipeline pig 10, biasig member 56 urges closure member 50
away from second seat 54. For example, if the differential pressure i1s reduced to a level
between the pre-selected nunimum reliet pressure and the pre-selected maxamum reliet
pressure, biasing member 56 returns veliel valve 44 16 the open configuration of FIG. 2B, and
if the differential pressure 18 reduced to a level below the pre-selected nunmmum relied
pressure, biasing member 56 returns reliet valve 44 1o the first closed configuration of FIG.
2A. As one skilled m the art will appreciate, attributes of biasing member 536 such as a spring
constant, length and pre-load, which are mcorporated nto the design of reliet valve 44, detine
the pre-selected minmimum reliet pressure and the pre-selected maximum relict pressure. In

this manner, reliet valve 44 1s operable 1n a repeatable manner,

{30321 Referring now to FIGS, 3A and 3B, bypass valve 42 18 selectively movable between

at least two distinet configurations meluding a restrictive configuration (FIG. 3A) and bypass

contiguration (FI1G. 3B). In the restrictive configuration, bypass valve 42 1s closed and
completely prohibits pipeline fluid “F” {rom flowmng through bypass channel 32 in some
cmbodiments,  In the bypass configuration, bypass valve 42 1¢ at ieast partially open and

RkD

permits pipchine fthud “F7 to flow through bypass channel 32, Bypass valve 42 mcludes
bypass closure member 68 that 1s respectively movable mto and out of contact with bypass
seat 70 10 move bypass valve 42 between the restrictive and bypass configurations. Bypass
closure member 6% 18 biased 1 an upstream direction toward bypass seat 70 by biasing
member 72, In the idlustrated embodiment, biasing member 72 1S 34 compression spring
disposed centrally within bypass channel 32 along longitudinal axis “A” {0 maintain bypass
valve 42 1 the restrictive configuration until the differential pressure reaches a pre-selected
minimum bypass pressure.  The pre-selected nunimum bypass pressure 18 defined by
attributes of biasing member 72 such as a spring constant, length and pre-load mcorporated

mnto the design of bypass valve 42,

[3833] Biasing member 72 1s configured such that bypass valve 42 18 operable {0 mamtain
the restrictive configuration when the differential pressure in pipeline fluid “F is below the
pre-selected munimum bypass pressure, operabic to mamntain the bypass configuration the
ditterential pressure 18 above the pre-selected munimum bypass pressure, and operable to
move between the restrichive configuration and the bypass configuration 1 response to the

differential pressure reaching the pre-selected minimum bypass pressure.

g.
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[6834] When the differential pressure between upstream and downstream sides of bypass
closure member 63 reaches a pre-selected munimum bypass pressure, a torce apphed by
brasmyg member 72 10 mamntain bypass closure member 608 n contact with bypass seat 70 18
overcome and bypass valve 42 opens. As the differential pressure mcreases bevond the pre-
selected minimum bypass pressure, biasing member 72 18 compressed i a proportional
manuner, thereby allowing bypass closure member 68 10 move away from bypass seat 7010 a
proportional manner. Thus, biasing member 72 18 responsive to the differential pressure 10
adjust a size of tapenng constriction 76 through which pipelineg fluid “F7 flows. In this
manner, bypass valve 42 passively moves from the restrictive configuration of FIG. 3A,
wherein flow of pipeline fhud “F7 through bypass channel 32 1 restricted, to the bypass
configuration of FIG. 3B wherein the flow of pipehine fhud “F” through bypass channel 32 18
permitted. In some embodiments, the pre-selected nmunimum bypass pressure associated with
bypass valve 42 1 greater than 90 psy, and i some embodiments the pre-selected manimum
bypass pressure 18 100 psi. The pre-selected mununum bypass pressure s significantly
oreater than the pre-selected maxinmum relief pressure described above such that bypass valve
42 mooves to the bypass configuration of FIG. 3B when each reliet valve 44 15 1 the second

closed configuration of FIG, 2C.

{3835] In the bypass configuration of FiIG. 2, bypass channel 32 and bypass valve 42 are
arranged to promote flow of pipeline thuid “F” through bypass channel 32, Bypass channel
32 wnchudes outer wall 74, which detines tapering constriction 76 with bypass closure member
0%, Tapering constriction 76 exiubifs a smalier cross-sectional arca than regions of bypass
channel 32 upstrcam and downstream of bypass closure member 68, and thus, bypass channcl
32 defines a venturi to promote fluid flow therethrough. Bypass valve 42 inciudes valve

housing 78 debimng mner wall 80 of bypass channel 32, Inner wall 80 extends m a

downstream direction from tapering constriction 76. Bypass closure member 6% 18 arranged
to contact mner wall 80 to form a radially decreasing profile therewith when bypass valve 42
1s in the bypass configuration. The shape of the bypass closure member 68 and mnner wall 30
complhiments the shape of outer wall 74 t0 guide pipeline fluid “F7 mto annular cavity 82,
thercby discouraging turbulence and erosion of bypass channel 32, Radial fins 84 extend
between guter wall 74 and housing 78 of bypass valve 42 10 support bypass valve 42 within

bypass channel 32 and permut How of pipehine tluid “F” around radial fins R4,

13036] Retorrmg now to FIG, 4, an embodiment of a method 100 15 described for use of

pipcline pig 10 (FIG. 1A Inmally, pipeline pig 10 18 mseried mito pipeline “P7 {step 102)

210-
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through which pipehine thad “F” 1s tlowing. Imtially, a differential pressure established o
pipeline thad “F” between trailing end 16 and a leading end 14 1 below the pre-selected
minimum relief pressure. Thus, reliet valves 44 are i the fivst closed configuration and
bypass valve 42 15 m the restrictive configuration.  Pipeline pig 1{ 15 propelled m a
downstream direction by the force of pipeline thud “F7 pressing on rear guide disks 20,

closure members 50 of reliel valves 44, and bypass closure member 68 of bypass valve 42,

8371 Nexi, the dufferential pressure 18 mercased 1o the pre-selecied mumimum rehief pressure
(step 104) thercby passively opening reliet valves 44, The differential pressure 18 increased
by various mechamsms mcluding ncreasing a tlow velocity of pipehine fluid “F” behind
mipehne pig 10, In some embodmments, the dillerential pressure 1 mcreased by at least
partially obstructing the pipeline pig and allowing pressure to build up behmnd the pipeline pig
as will be appreciated by those skilled 1n the art. A portion of pipeline fluid “F7 18 permitied
to How through rehet channel 34 (step 106) 10 slow or regulate a speed of pipehne mig 10,
Hehet valves 44 arc operable 1o passively move between the first ¢losed configuration and
the open contfiguration to selectively allow pipeline tiuid “F” to tlow through reliet channels

34 1o regulate the speed of pipeline pig 10 1 normal operation.

[3038] When pipehne pig 10 encounters an obstruction (step 10} however, the differential
pressure builds up as the capacity of reliet channels 34 18 overwhelmed and pipeline thad “F”
accumuilates behind pipeline pig 13, The differential pressure increases to above the pre-
selected maximum relief pressure, and rehiet valves 44 are thereby moved to the second
closed configuration (step 110). With the relict valves 44 m the second closed conliguration,
the full force of the buildup of pipeline thud “F” behind pipeline pig 10 15 avaiable 10 push
pipeline pig 10 agamnst the obstruction until the obstruction 18 disiodged or cleared by pipeling
pig 10 (Step 112). Once the obstruction s cleared, reliel valve 44 returns 10 the open

configuration (step 114), and normal operation resumes.

{38391 When pipeline pig 1{} encounters an obstruction that cannot be cleared by a force that
is safe for pipeline pig 10 or pipehne “P” (step 116} the accumulation of pipeline fthnd “F”
behind pipehine pig 10 moves rehet valves 44 to the second closed configuration and the
ditferontial pressure increases t0 above the pre-selected muumum bypass prossure mcreases
to move bypass valve 42 1o the bypass configuration {(siep 118} Pipeline flumid “F7 18
permitied to flow through the single bypass channel 32 (step 120) since tlow through relief

channels 34 arc micrrupted by rehiet valves 44, Turbulence and crosion are hinuted smee

11.
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bypass channel 32 1s larger and centrally orienied than relief channels 34, Pmger 24 18

crployable 1o locate pipeling pig 10, and pipeline pig 10 15 retnieved from pipeline “P.7

13040] Reforring now to FIG. 5, pipeline pig 200 18 constructed 1n accordance with an
alternate cxample embodiment of the wvention. Pipeline pig 200 1s configured for active
control over bypass valve 202 disposed within bypass channel 204 and over reliet valves 206
disposed within reliet channels 208, Bypass valve 202 oncludes actuator 212 operable to
move closure member 214 mto and out of engagement with bypass seat 216 t0 move bypass
valve 202 between restrictive and bypass configurations as described above, Simularly, relief

valve 206 mcludes actuator 218 operable to move closure member 220 mnto and out of

engagement with first scat 222 and second seat 224 {0 move rehef valve 2006 between a first

closed configuration, an open configuration and a second closed configuration as described
above. In the lustrated embodiment, actuators 212, 218 are hydraulic cylinders, although i

other emnbodiments, pucumatic or electric actuators are contemplated.

[3841] Actuators 212, 218 are m communication with controlier 230, which 18 operable to
imduce movement of actuators 212, 218 and to mamntain positions of actuators 212, 218,
Controller 230 1s in commumcation with pressure sensors 232 and 234, which are

T

respectively disposed on upstrearn “U” and downstream 137 sides of bypass valve 202 and
relict valve 206, Thus, confrolier 230 15 operable t0 mstruct actuator 218 1o move closure
menmber 220 into engagoment with first seat 222 1f a differential pressure detected by pressure
sensors 232, 234 18 less than the pre-selected munimum relietf pressure. Also, controller 234
1s operable mnstruct actuator 213 to move closure member 220 mio engagement with second
seat 224 11 the differential pressure detected 1s greater than the pre-selected maximum relied
pressure, and operable to mstruct actuator 218 to move closure member 220 {0 an
intermediate position between first seat 222 and second seat 224 i the differential pressure 15
between the nunimurn and pre-selected maximum rehief pressures.  Smmularly, controller 230
is opcrable 1o mstruct actuator 2172 to move closure member 214 mto cngagement with
bypass scat 216 if the differential pressure detected 18 less than the pre-selected munimum
bypass pressure and operable to mstruct actuator 213 10 move closure member 214 out of
cngagement with bypass scat 216 if the differential pressure 18 greater than the pre-selected

minimum bypass pressure.

{30421 In some embodiments, controllier 230 15 m wired or wireless communication with an
operator terminal (not shown) to pernut an operator 10 provide mstructions to actuators 212,

218 mdependently of pressure sensors 232, 234,

10
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3843} The present invention described hercin, therefore, 18 well adapted o carry out the
objects and attain the ends and advantages mentioned, as well as others mherent therein.
While a presently preferred embodiment of the mvention has been given for purposes of
disclosure, numerous changes exist in the details of procedures for accomplishing the desired
results. These and other sumilar modifications will readily suggest themselves to those skalled
in the art, and are mntended 1o be encompassed within the spirit of the present mvention

disciosed herein and the scope of the appended claims.
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What s claimed 1s:
1 A pipehne pig, charactenzed by:

a housmng defuung a tfrailing end, a lcading end and longitudinal axis extending

therebetween;

a bypass channel extending longitudinally through the housing between the trailing

-’

ond and the leading end thereot;

a bypass valve disposed within the bypass channel, wheremn the bypass valve s
operable 1o maintain a restrictive configuration i which a pipehne fluid 1s prohibued from
flowing through the bypass channel when a differential pressure established n the pipeline
thod between the trathng end and the leading end of the housing s below a pre-selected
minirnum bypass prossure, and wherein the bypass valve 18 operable 10 move to a bypass
configuration mm which the pipeline thud is permaitted 1o tlow through the bypass channel 1n

response to the differential pressure reaching the pre-selected muinmmum bypass pressure;

at least one reliel channel extending longitudimnally through the housing between the

trailine end and the leading end thereof and
— %

at icast one reliet valve disposed within the at least one reliet channel, the at least one
rehiet valve operable to move from a {irst closed configuration to an open configuration in
response 1o the differential pressure reaching a pre-selected munumum vehel pressure and
operable 10 move from the open configuration to a second closed configuration in response 1o
the ditferential pressure reaching a pre-selocted maximum reliet pressure, wherein the at least
one relict valve prohibits flow of the pipehine thud through the at least one relief channel
when 1 the first and second closed configurations and permuts flow of the pipeline fluid
through the at least one relict channel when in the open contiguration, and wheremn the pre-
selected munimum bypass pressure is greater than the pre-selected maximum reliet pressure,
and the pre-selected maxumum reliel pressure 18 greater than the pre-selected mymmum reliet

Pressure.

2, The pipeline pig according to claim 1, wherein the at least one reliet valve
includes a closure member that 15 respectively movable between first and second seats to

move the at least one relief valve between the first and second closed conligurations.

.14.
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3. The pipeline pig according to any of claims 1-2, wherein the closure member

18 brased toward the first seat and away from the second seat by a brasing member, such that
the biasing momber detines the pre-selected nunimum rehiet pressure and the pre-sclected
maximun relief pressure.

4. The pipeline pig according to any of claims 1-3, wherein the pre-selected
munymun reliet pressure 18 1 the range of 1 psi to 3 psi and the pre-selected maxamum rehet

pressure 18 1 the range of 4 psi to 6 pst,

5. The pipeline pig according to any of claims 1-4, wheremn the pre-selected

minimum bypass pressure 18 greater than 90 psi

0. The pipehine pig according o any of claims 1-5, wherein the bypass channel 15
ontrally disposed withm the housing, and wherein the at least one rehiet channel mcludes a
plurality of relict channels radially disposed about the bypass channel.

v V]

The pipehine pig according to any of claims 1-6, wherein the bypass channel
mcludes a tapering constriction theren such that the bypass channel detines a venturi

"r

3. The pipeline pig according to claym 7, wherein the tapening constriction 18
defined between an outer wall of the bypass channel and a closure member of the bypass
vaive disposed within the bypass channel, wherein the closure member 15 operabie to move
the bypass valve between the restrictive configuration and the bypass configuration.

2 The pipeline pig according to claim 8, wherem the bypass valve further
includes a biasing member operable 1o mamtamn the closure member 1o contact with a bypass

seat to maintain the bypass valve m the restrictive configuration.

10.  The pipehine pig according to claim 9, wherein biasing member 1S responsive

to the differential pressure to adjust the size of the tapenng constriction.

1. The pipchine pig according to claum 1, wheremn the bypass valve mcludes an
inner wall extending through at least a portion of the bypass channel, and wherein a closure
member 18 arranged to form a tapered profile with the mner wall when the bypass valve 18 1n

the bypass configuration.
12, A pipchine pig, characterized by:

a housing defining a frailing ond, a lcading ond and longitudinal axis extending

therebetween;

15.
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at least one relict channel extending longitudinally through the housing between the
trailing end and the leading end thercot, the at least one rehief channel dehining an annular

wall;

a closurc member disposed within the annular wall, the closure member operable to
cngage a {irst seat to prohibit fluid tlow through the relief channel and operable to disengage

the first seat to permut fluid flow through the reliel channel; and

an annular space defined between the closure moember and the annular wall, the
annular space exhibiting a smaller Cross-section than regions of relief channel upsiream and
downstream of the closure member such that the annular space represents a constriction for

thud tlow and the rehief chanpel defines a ventun.

13, The pipeline pig according to claim 12, wherein the closure member 18 furthe
operable to engage a second seat to prohubit fluid flow through the relief channel while the

closure member 1s disengaged from the first seat.

14, The pipehne pig according to claim 13, wheremn the closure member 18 brased
toward the first scat and away from the sccond seat by a biasing member, such that the
biasing member 18 operable to passively maintamn the closure member in engagement with the
first seat if a differential pressure established between a trailing end and a leading end of the
housing 18 less than a pre-selected mumpnim reliet pressure, and operable to pernut the
closure member to engage the second seat if the diffcrential pressure 18 greater than a pre-

selected maximum relict pressure.

15. The pipeline pig according to claim 14, {urther comprising a bypass channel
and a bypass valve, wheremn the bypass channel extends longitudimally through the housing
between the trathng end and the leading end thercof, and whercin the bypass valve s
operable to selectively move between restrictive and bypass configurations to respectively

prohbit and permit flnd Hlow through the bypass channel.

16. The pipeline pig according o claim 13, wheremn the bypass valve 1s operable
to move from the restrictive configuration 10 the bypass configuration m response to the
differential pressure reaching a pre-selected minimum bypass pressure, and wheremn the pre-
selected muninnirn bypass pressure 18 greater than the pre-selected maxumuom relief pressare
such that the bypass valve moves to the bypass configuration whale the closure member 18
cngaged with the second seat and thud flow through the at least one relief channel s

restricted.

16-
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17. The pipehine pig according o claun 13, wheremn the closure member 18
operably coupled to an actuator, and wherein the actuyator 1s operable to move the closure
member mto engagement with the first scat when a differenfial pressure established between
a traitling end and a leadmg end of the housing 15 less than a pre-selected mumimum relict
pressure, and operable 0 move the closure member into engagement with the second seat

when the differential pressare 18 greater than a pre-selected maximum reliet pressure.,

1R, A method of controlling a flow of a pipeline fluid through a pipeline pig
mciuding a bypass channel and at least one reliet channel extending therethrough, the method

characicrized by the steps of;

(a) mserting the pipeline pig mio a pipeline through which the pipeline fhad 18

tlowng;

(b) increasing a differential pressure established in the pipeline fluid between a
tratling end and a leading end of the pipeline pig such that the differential pressure
sequentially reaches a pre-selected mmimum reliel pressure, a pre-selected maximun rehet

prossure and a pre-selected munmmuim bypass pressure;

(c) opening the at least one relief valve to permit the pipeline fluid to flow through
the relief channel when the differential pressure reaches the pre-selected mynimum relief

DICSsSure:

(d) closing the at lcast one relict valve 1o prohibit the Hlow of pipelme flmd through
the relief channel when the ditferential pressure reaches a pre-selected maximum relict

pressure; and

©) opening a bypass valve to permt the pipehne fhad to flow through the bypass

channel when the differential pressure reaches the pre-selected nuninmim bypass pressure.

19, The method according to claim 12, wherein the step of opeming the at least one
rehict valve comprises Compressing a compression spring to move a closure member out of
contact with a first seat.

20, The method according to claim 19, wheremn the step of closing the at least one
relict valve comprises further compressing the compression spring to move the closure

member nto contact with a second seat.
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100

INSERT PIPELINE PIG 10 INTO PIPELINE “P” 102
THROUGH WHICH PIPELINE FLUID “F” IS FLOWING

FIG. 4

INCREASE DIFFERENTIAL PRESSURE TO A
MINIMUM RELIEF PRESSURE TO MOVE RELIEF
VALVE 44 FROM THE FIRST CLOSED CONFIGURATION
TO THE OPEN CONFIGURATION.

104

PERMIT A PORTION OF PIPELINE FLUID “F” TO
FLOW THROUGH RELIEF CHANNEL 34 TO REGULATE
‘A SPEED OF THE PIPELINE PIG 10.

106

OBSTRUCT THE PIPELINE PIG 10 TO FURTHER
INCREASE THE DIFFERENTIAL PRESSURE ABOVE A
MAXIMUM RELIEF PRESSURE

108

MOVE THE RELIEF VALVE 44 TO THE SECOND
' CLOSED CONFIGURATION THEREBY RESTRICTING
FLOW THROUGH THE RELIEF CHANNEL

110

CLEAR THE OBSTRUCTION BY A BUILDUP OF 112

PRESSURE BEHIND THE PIPELINE PIG 10

;

 TOFIG.4 (CONTINUED)



CA 02937372 2016-07-19

WO 2015/126670 PCT/US2015/015193

5/6
FROM FIG.4

100 RETURN THE RELIEF VALVE 44 TO THE OPEN

CONFIGURATION BY A REDUCTION IN THE
DIFFERENTIAL PRESSURE RESULTING FROM
CLEARING THE OBSTRUCTION

114

OBSTRUCT THE PIPELINE “P” TO INCREASE THE
DIFFERENTIAL PRESSURE ABOVE A BYPASS 116
PRESSURE -

~ MOVE THE RELIEF VALVE 44 TO THE SECOND
CLOSED CONFIGURATION AND MOVE THE
BYPASS VALVE 42 TO THE BYPASS
- CONFIGURATION

118

PERMIT PIPELINE FLUID “F” TO FLOW THROUGH

SINGLE BYPASS CHANNEL 32 120

RETRIEVE THE PIPELINE PIG 10 FROM THE | 45+
~ PIPELINE “P”. -

FIG. 4 (CONTINUED) "
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