SPLI T GATE VALVE W TH BI ASI NG MECHANI SM FI ELD OF THE | NVENTI ON [ 0001] Thi s
I nvention relates to gate valves. Mre particularly, the present invention
relates to a split gate val ve enploying a biasing nechani sm BACKGROUND
[ 0002] This section is intended to introduce the reader to various aspects
of art that nmay be related to various aspects of the present invention,
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[0001] This 1ir}(lention relates to gsatle QI%‘V%S! oroeI parﬁcr‘,]glarly, the present

invention relates to a split gate valve employing a biasing mechanism.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects
of art that may be related to various aspects of the present invention, which
are described and/or claimed below. This discussion is believed to be helpful
in providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and

not as admissions of prior art.

[0003] Gate valves are used in a wide variety of industries including oil and
gas, power generation, food and beverage, water treatment, and the like.
Gate valves include a gate that moves between an open and closed position
to control the flow of fluid through the gate valve. In the open position, the
gate’s bore is aligned with the fiow path, thereby allowing fluid to flow through
the gate. To interrupt flow, the gate and, more importantly, the gate’s bore is
moved to the closed position, placing the gate’s bore in an unaligned position
with the flow path. Gate valves that have large bores (e.g., approximately 5
inches or greater) and/or that operate at higher pressures (e.g., approximately
10,000 psi or greater) generally seal only against one side of the gate. From
time to time, operators of the gate may want to test the gate’s seal from both
sides. This testing can be more easily conducted if both sides of the gate
valve are sealed. Unfortunately, sealing both sides of a large bore and/or high
pressure gate valve often reqguires very high turning force to mechanically

open and close the gate valve.



gas, power generation, food and beverage, water treatnment, and the |ike.
Gate val ves include a gate that noves between an open and cl osed position
to control the flow of fluid through the gate valve. In the open position,
the gate's bore is aligned with the flow path, thereby allowing fluid to
flow through the gate. To interrupt flow, the gate and, nore inportantly,
the gate's bore is noved to the closed position, placing the gate's bore in
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enbodi nen a spli atev a rolling ac JFIG 2 is

a schenmat gatedizhgs having tlaelmslhleg aelmhwh; rrent of the split gate val ve having
the rolling actuator;

[0007] FIG. 3 is a schematic diagram of an embodiment of the split gate
valve having the rolling actuator disposed within a cavity of the split gate

valve;

[0008] FIG. 4 is a schematic diagram of an embodiment of the split gate
valve having the rolling actuator disposed between a pair of gate sections

within the cavity of the split gate valve;

[0009] FIG. 5 is an exploded perspective view of an embodiment of a body

of the split gate valve and the pair of gate sections;

[0010] FIG. 6 is cross-sectional view of an embodiment of the body of the
split gate valve with the pair of gate sections inserted within the body, taken
along line 6-6 of FIG. 5;

[0011] FIG. 7 is a perspective cutaway view of an embodiment of a ball

screw for use as the rolling actuator;

[0012] FIG. 8 is a perspective cutaway view of an embodiment of a roller

screw for use as the rolling actuator;

[0013] FIG. 9 is a schematic diagram of an embodiment of the split gate

valve having expansion bars with the pair of gate sections in an open position,

[0014] FIG. 10 is a schematic diagram of an embodiment of the split gate
valve having the expansion bars with the pair of gate sections in the open

position;



[0007]FIG 3 is a schematic diagram of an enbodi ment of the split gate
val ve having the rolling actuator disposed wthin a cavity of the split
gate valve; [0008]FIG 4 is a schematic diagram of an enbodi nent of the
split gate valve having the rolling actuator disposed between a pair of

gate sect} w thin,the cavity of the.split gate v " 09, FIG 5 is
an expl odt?gi:‘g'(]:r spr@t i'l\L}éS 9i0%86¥p &ﬁh%%%%m%?&o&eaf %@é@d@g&ﬁi ﬂggl It gate
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of an enbodi nent of the body of the split gate valve with the pair of gate

secti ons @alksera glat initheipginofaaieggctiensken along line 6-6 of FIG 5;
[O011]FIG 7 is a perspective cutaway view of an enbodi nent of a ball
[0016] FIG. 12 is a schematic diagram of an embodiment of the split gate

valve having expansion bars with the pair of gate sections in a closed

position;

[0017] FIG. 13 is a schematic diagram of an embodiment of the split gate
valve having the expansion bars with the pair of gate sections in the closed

position;

[0018] FIG. 14 is a close-up schematic diagram of an embodiment of the
split gate valve of FIGS. 12 and 13, illustrating an expansion bar disposed
along a slot in the pair of gate sections;

[0019] FIG. 15 is a schematic diagram of an embodiment of the split gate
valve of FIG. 14, illustrating the expansion bar engaging a first portion of a siot
along the pair of gate sections as the pair of gate sections move toward a

closed position;

[0020] FIG. 16 is schematic diagram of an embodiment of the split gate
valve of FIG. 15, taken within line 16-16 of FIG. 14, illustrating the expansion
bar engaging the first portion and a second portion of the slot along the pair of
gate sections with the pair of gate sections in a closed position;

[0021] FIG. 17 is a schematic diagram of an embodiment of the split gate
valve of FIG. 16, illustrating the expansion bar moved beyond the closed
position of FIG. 16, causing a spring mechanism (e.g., groove) of the

expansion bar to partially compress to prevent buckling of the expansion bar;

[0022] FIG. 18 is a schematic diagram of an embodiment of the split gate
valve of FIGS. 9-17, illustrating an expansion bar disposed along a slot in the
pair of gate sections in a closed position, wherein the expansion bar has a

spring mechanism with a lengthwise groove and crosswise slots;

[0023] FIG. 19 is a schematic diagram of an embodiment of the split gate
valve of FIG. 18, illustrating the expansion bar moved beyond the closed



screw for use as the rolling actuator; [0012]FIG 8 is a perspective
cutaway view of an enbodinent of a roller screw for use as the rolling
actuator; [0013]FIG 9 is a schematic diagram of an enbodi nent of the split
gate val ve having expansion bars with the pair of gate sections in an open

posi tion; 014 hemat i cdlaramof an _enbaodi f t he
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i n the opgartafy cbhhéss to prevent buckling of the expansion bar;

[0024] FIG. 20 is a perspective view of an embodiment of an expansion

bar having a tapered end, a protruding mount (e.g., rectangular lip), and a

spring mechanism with a single lengthwise groove;

[0025] FIG. 21 is a perspective view of an embodiment of an expansion
bar having a tapered end, a protruding mount, and a spring mechanism with a

lengthwise groove and crosswise slots in a staggered configuration;

[0026] FIG. 22 is a perspective view of an embodiment of an expansion
bar having a tapered end, a protruding mount, and a spring mechanism with a

lengthwise groove, lateral notches, and orifices; and

[0027] FIG. 23 is a perspective view of an embodiment of an expansion
bar having a tapered end, a protruding mount (e.g., cylindrical shaft), and a
spring mechanism with a single lengthwise groove.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0028] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may
not be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or
design project, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but wouid
nevertheless be a routine undertaking of design, fabrication, and manufacture

for those of ordinary skill having the benefit of this disclosure.

[0029] Certain embodiments discussed below include a system and
method that addresses one or more of the above-mentioned inadequacies of

a conventional large bore and/or high pressure gate valve. In certain
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[0015]FIG 11 is a close-up schematic diagram of an enbodi nent of the split
gate valve of FIGS. 9 and 10, illustrating an expansi on bar di sposed al ong
a slot in the pair of gate sections; [0016]FIG 12 is a schenmatic di agram
of an enbodi nent of the split gate val ve having expansion bars wth the
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cl ose-up schematic di agram of an enbodi nent of the split gate valve of
FI GS. 12 withima&cayity efthesplihgatervalygpbekvasn nppen ppskien atidonglosed| ot in the
pair of gﬁB&tiﬁﬁ.Ctrhg'b%ir of gate sections allows the split gate valve to control flows

of two different fluids with each gate section. In addition, the two gate

sections allow the isolation of a fluid within a cavity of the split gate valve.

The split gate valve also includes a rolling actuator (e.9., a ball screw or roller

screw) configured to receive a rotational input (e.g., from a drive) and to

convert the rotational input into linear motion to move the pair of gate sections

between the open and closed positions. In some embodiments, the pair of

split gate sections includes a biasing mechanism (e.g., one or more springs)

to bias each gate section of the pair of the gate sections away from each

other to form a double seal in the split gate valve. In certain embodiments,

the split gate valve includes expansion bars to bias the pair of split gate

sections away from each other to form the double seal in the split gate valve.

For example, the pair of gate sections forms slots along a length of an

interface between the pair of gate sections to engage the expansion bars as

the pair of gate sections move from the open position to the closed position.

In some embodiments, the expansion bar includes a spring mechanism

configured to compress upon moving the pair of gate sections into and

beyond the closed position to prevent buckling of the expansion bars. The

formation of the double seal allows the filling of the cavity of the split gate

valve to test each seal of the double seal at the same time. In certain

embodiments, the split gate valve includes a body with an opening (e.g.,

generally rectangular opening) for the pair of gate sections configured for the

insertion of the pair split gate sections and to closely fit the gate sections to

minimize deflection.

[0030] FIG. 1 illustrates an embodiment of a split gate valve 10 having a
rolling actuator 12. Typically, the split gate design limits the use of the split
gate valve 10 to valves 10 with smaller bores (e.g., less than approximately 5
inches in diameter) and/or lower pressure ratings (e.g., less than
approximately 10,000 psi) due to the amount of force required to move the

split gate in large bore and/or high pressure valves 10. However, the rolling



[0019]FIG 15 is a schematic diagram of an enbodi nent of the split gate
valve of FIG 14, illustrating the expansion bar engaging a first portion
of a slot along the pair of gate sections as the pair of gate sections nove
toward a closed position; [0020]FIG 16 is schematic diagram of an

Fla 1 prlatr SRon B GlRelGn S ioesThadmnitA iRt Bt bign and o
second pogpliteatelak/bel (slodpet andiclose thaivalvel1(D@ks raeed thm%awi)tffhu@e pair of
gate sections in a closed position; [0021]FIG 17 is a schematic di agram of

an enbodi Hignfolling areatepi2enghias theiuse Sitheselit gate dasianwitatarag bore
expans! onahdfor AEHeBSbIdIe16 LP3RY A3 ddrin8liobfbokfbizgaHE 19 2 SPring

mechani sm (‘e expansi on ress to
prevent bopéitating pmésstdle tieatpeomsld vaqbies thd murr@ ﬁtﬁhtolazlts reds@eht-hmt i c diagram
of an enbodi nent . of h e Sg It gate val ve of FIGS. 9- :}H Il 1us ng an
expansi onaBE%U“&PE‘b’% aNigRLIREC0LI0sHUS Reefied fRpperp g Cégesf@@t‘ﬁ
cl osed po [ mW|tha
engt hut oF B SRHEIRLD St REPEHRalAG pRASue BP% o

with a low operating pressure).

[0031] The split gate valve 10 is generally configured to control a flow of
fluid through the split gate valve 10 in various applications. For example, the
split gate valve 10 may be employed in applications relating to oil and gas
industries, power generation industries, petrochemical industries, and the like.
For example, the split gate valve 10 may be coupled to a Christmas tree for
petroleum and natural gas extraction. In some embodiments, the split gate
valve 10 includes a large bore. For example, the bore of the split gate valve
10 may be at least approximately 5 inches in diameter. In other embodiments,
the split gate valve 10 includes a smaller bore. For example, the bore of the
split gate valve 10 may be less than approximately 5 inches. The diameter of
the bore may range from approximately 3 to 20 inches, approximately 3 to 15
inches, approximately 3 to 10 inches, approximately 10 to 15 inches, or
approximately 15 to 20 inches. For example, the bore may be approximately
3, 45,6,7,8,9 10,11, 12,13, 14, 15, 16 17, 18, 19, 20 ihches, or any
other diameter. In certain embodiments, the split gate valve 10 is configured
o operate at a high pressure of at least approximately 10,000 pounds per
square inch (psi}. In other embodiments, the split gate valve 10 is configured
to operate at pressure lower than approximately 10,000 psi. For example, the
split gate valve 10 may operate at pressures ranging from approximately
5,000 to 30,000 psi or more. By further example, the split gate valve 10 may
operate at pressures ranging from approximately 5,000 to 25,000 psi,
approximately 10,000 to 20,000 psi, approximately 5,000 to 10,000 psi,
approximately 10,000 to 15,000 psi, approximately 15,000 to 30,000 psi,
approximately 15,000 to 25,000 psi, approximately 20,000 to 30,000 psi,
approximately 20,000 to 25,000 psi, or approximately 25,000 to 30,000 psi. In



[0023]FIG 19 is a schematic diagram of an enbodi nent of the split gate
valve of FIG 18, illustrating the expansion bar noved beyond the cl osed
position of FIG 18, causing the spring nechanism (e.g., groove and sl ots)
to partially conpress to prevent buckling of the expansion bar; [0024] FIG
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large bore size) of at least approximately 9 inches in diameter and be

configured to operate at a pressure (e.g., low pressure) of at least 5,000 psi.

[0032] Inthe illustrated embodiment, the split gate valve 10 includes an
actuation system 14 including a drive 16 and the rolling actuator 12. The
actuation system 14 is coupled to a body 18 of the split gate valve 10. For
example, the actuation system 14 may be coupled to a top portion of the body
18 via a bonnet 19. A bottom portion of the body 18 is also coupled to a
bonnet 21. In certain embodiments, the split gate valve 10 may not include
the bonnet 21 attached to the bottom portion of the body 18. Alternatively,
split gate valve 10 may include a single body coupled to the actuation system
14. The body 18 may be constructed of cast iron, ductile iron, cast carbon
steel, gun metal, stainless steel, alloy steels, corrosion resistant alloys, and/or
forged steels. The split gate valve 10 includes a gate 20 (e.g., split gate) that
include a pair of gate sections 22 and 24 disposed within a cavity 26 of the
body 18, therein the gate sections 22 and 24 are configured to move between
an open position and a closed position. As illustrated, the gate 20 is disposed
in the closed position. In addition, as illustrated, each gate section 22 and 24
includes a rectangular cross-sectional profile. The body 18 of the split gate
valve 10 includes an inlet 28 and an outlet 30 configured for a flow of a fluid
through a bore 32 of the body 18 into a passage 34 of the split gate valve 10.
In certain embodiments, the outlet 30 may act as an inlet allowing fluid flow
into the cavity 26 from either side of the split gate valve 10. In some
embodiments, the inlet 28 may act as an outlet and the outlet 30 may act as
an inlet. As mentioned above, in certain embodiments, the bore 32 may
include a diameter 36 of at least approximately 5 inches. For example, the
diameter of the bore 32 may range from approximately 5 to 20 inches,
approximately 5 to 15 inches, or approximately 5 to 10 inches, or
approximately 10 to 15 inches. The passage 34 of the split gate valve 10
includes a passage 38 (indicated by dashes lines) through the gate 20 to



bar having a tapered end, a protruding nount, and a spring nmechanismwth a
| engt hwi se groove, l|ateral notches, and orifices; and [0027]FIG 23 is a

perspective view of an enbodi nent of an expansi on bar having a tapered end,
a protruding nount (e.g., cylindrical shaft), and a spring nechanismwth a
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received by the drive 16 into a linear motion (e.g., linear activation force) to
move the gate 20 (i.e., the pair of gate sections 22 and 24) between open and
closed positions. In certain embodiments, the rolling actuator 12 may include
a ball screw or a rolling screw. The rolling actuator 12 is configured to reduce
the amount of friction to operate the stem valve 10. In particular, the rolling
actuator 12 reduces the amount of torque or force required to move the gate
20 within the split gate valve 10. The rolling actuator 12 is coupled to a top
portion 40 of the gate 20 via a stem 42 (e.g., an operating stem) configured to
facilitate the movement of the gate 20 between the open and closed positions.
A bottom portion 44 of the gate 20 is also coupled to a stem 46 (e.g., a
balancing stem). The stems 42 and 46 move along bores 45 and 47 of
bonnets 19 and 21, respectively. In certain embodiments, where the split gate
valve 18 includes a single body 18, the stems 42 and 46 may move along
bores of the single body 18. Each of the stems 42 and 46 may be connected
to both gate sections 22 and 24 via connectors. For example, both the top
portions 40 and the bottom portions 44 of the gate sections 22 and 24 may
form cavities fo surround a T-connecter (see FIG. 5) located at the end of
each of the stems 42 and 46 near to the gate 20.

[0034] As mentioned above, the gate 20 includes the pair of gate sections
22 and 24 (e.g., slab sections). The split gate arrangement of the gate 20
includes advantages over a single gate arrangement. For example, two
different fluids on different sides of the split gate valve 10 may be separated
from each other by the pair of gate sections 22 and 24. Also, a fiuid may be
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enbodi nents, a systemincludes a split gate valve that includes a pair of
gate sections (e.qg., slab gates) coupled together and configured to nove
together within a cavity of the split gate val ve between an open position
and a closed position. The pair of gate sections allows the split gate
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each gate face (i.e., the inlet 28 and outlet 30 sides) to occur at a valve rated

working pressure during the introduction of a test pressure into the cavity 26

of the seat valve 10.

[0036] The pair of gate sections 22 and 24 also includes a coupling
mechanism 58 to couple the gate sections 22 and 24 together. Due to the
coupling mechanism 58, the gate sections 22 and 24 are configured to move
together within the cavity 26 of the split gate valve 10 between the open and
closed positions. In particular, in response to a rotational input provided by

the drive 16, the rolling actuator 12 converts the rotational input into a linear

9



fluid through the split gate valve 10 in various applications. For exanple,
the split gate valve 10 may be enployed in applications relating to oil and
gas industries, power generation industries, petrochem cal industries, and
the like. For exanple, the split gate valve 10 may be coupled to a
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to 10 i nched 24aqvpasoandm\eam drte anothBr.i hc;bmsucular tapmouphmmtr@chaﬂa&m o 20

115795 788 e Smbualbh; o the.gate sosHo T eaand o4 tolieis finseatiia b or . 1h
certai RGBS BiadiiPiored of bBRIR ahr{%&@ io(eqn ggaHg)redm&s perate at a

hi gh pressure of at [|east approxi square inch
(psi). | ngatenalveibas dmwbedtabevs;allowsgameg\fmtm (vén ihe rotingi apduatdr t o
operate a essure | ower, t han r oXi matel 10,0 .exanpl e, the
obi 1t gar d2Dlef GRGE Rl kot BRUERIFAY qRrrairsBNaNg TR ox ot el y
5,000 to Bartkofarplirgeboreard/oPightireB&lireqjeagRhRestite split gate valve 10
may operate at pressures ranging from approxi mately 5,000 to 25,000 psi,
appr oxi mef@ia7110,8a0 otify 00 psi,

appr oxi maFeI y]10 000 tlo %%t%%%n@bo@%ﬁnﬁéf@%lﬁg% 000&?8]@ 9000 si,
appr oxi rraOBEIy pLSitio00 Asillagtrated, ’qb'lslpaﬁpgecﬁﬁ&thm@hﬂhzcgaie@&(oe.?,@a(mo psi ,

T cor L apRctaoH Aomed) R ABnEgRTin 1 ooREEY 05 f) 28 deeline i o (.

srrall bor 8036 &t tHe PdsdaeB4 mg}xtr@é;ﬂkgaﬁbvm@qa IThedés ﬂf?b% and be

configured to operate at a pressure pressure) at | east

appr oxi mavelvg 1@03@@mq5§rlbedm biGet eémgphamagdedlg@asbpx@SQattbeval ve 10 may
I ncl ude a porg 85 %ggtem bﬂr %eﬁfe{a‘? b%&zeeé ISCHCI sed%e@ﬂ%%&'n@@%%l dnd | nches
in dianmeter an con ur e ressure | OW pressure)

of at | eaifte ﬁzllﬁ@paqleator[moa}]d geéﬁtmx&i& lﬁédrﬁu‘geﬁbcﬁfd)mdiu&eﬁhe ahtwungpfit gate
val ve 10 |ncI ud s an actuation system 14 jncl udi ng a drive 16 and the

rol 1ing afqiatiens qrﬂﬂﬁtf?@datetrn% 938t e4 gale eBakINI2Z 8nE Xody 18 of the
split gat Seﬁr@éé{ﬁhécbépé:noéo{] Eflg osftllaﬁsa%ﬁ"%gbl‘?&t%%é Bal BolBY rﬂ§¥C°Up| ed to
body et 0

a top portion of th a bonn mportlon t he body
18 is al smch.lﬂmntm‘nakgwrbmplaito the drivet 6. nFenbxainpienttse intéreabpl it gate
val ve 10 may .0 8 t he bonnet 21 tta tf(—jt- évgt‘r&ﬁcqbottg Brtion of
the body 9834 FE}VHHPH“ g197ar L3119 raé‘&ﬂfkg 18 2k, 6545059 8PRYFe body
coupl ed t the iAirRCAdta4iopn 20oPvers e r&ﬁﬁoﬁ&%’p&&rdfﬁ!hé’@n@@ﬁ@tdddcﬂq@d of cast
iron, ductile iron, cast carbon steel un netal, stainless steel, alloy
steel s, cBPROROYAS Intsiaskinaar ratiasyto mQM@I%@ﬁ pamp@gatm@tms 2Prenddtit gat e

valve 10 | I_e s n air of gate
sections égﬁv %@A&dgﬂ% %d\ﬁ%tsﬁ'drﬁ]s pllﬁav?@ﬁbgée %@9% 18 %S %S“@eat herein the
gat e sect alimgs z?csalnagwmoﬂénqme thendlliay metlaior THME regduye e worioReynirgasi tion and
a closed position. As illustrated, the gate 20 is disposed in the closed

posi ti on. 1 meshanicabhhoprerate the@lvadgin lé%{@ﬁu@étlérgﬁemﬂecﬁndé@ Righ 24 incl udes

a rectang @@gé al profile. The body 18 of the split gate valve
10|nclud }se%rgHFél et éaﬁ@d an outlet 30 configured for a flowof a fluid

10 1o I 3?“%53 e Nsbs BB ine delagh 3 il 1off g
fluid flothd ﬂilmgtafeévaladlmy Bfe éplngats VAI0e 19 idasafedchibedt FIGORt e val ve 10.
In some enb nents, the inlet 28 !?o%ﬁa(:t as an outlet and the outlet 30

may act aSXGepP |fmtéhe ralingastyater i posedwitbinthe cayity gdiatéhe splitt he bore
32 may | n%féqui a%%e,ro ﬁg egé(t)uﬁbégﬁﬁ%)/ BERY Qirsgfgfsgﬁm Rin the 95\”@3%6 Egr ‘o

exanpl e, arre er of ran rrom approxi na
i nches, afiar split gateei:a;dvé 10avlén thw:@aﬂrormerapwtmxlthimbalnwzﬁ tsosumblmches or

Rl ndes. l e aaistarsty. RABRPLTY AAEIRes. Ve OURSIIRAIGH 120 gal 6 20 1o
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allow flow through the split gate valve 10 fromthe inlet 28 to the outl et
30 when the gate 20 is in an open position (see FIGS. 2-4). [0033] The split
gate valve 10 is configured to open and close in response to an actuation

force fromthe actuation system 14. In particular, the drive 16 is

fo the rofIPRsRaNir R CAhT 2eRfloe R SeMaz [EhahEBPo e B oMbt ot ¢
(e.g., povatsidd oﬂﬂhb\%te BettiseePPhad 24hendhé eenbidaim@yit bNEIGIAE tike handl e or
wheel configured to be rotated by an operator. By further exanple, the

drive 16 FRlng aetugiRs 12 isstisnoseduwithin dhe ravityedd eoerigdite the stepmddnat i ¢ not or,
or a hydr i . , { uat i i onvert the
Fot ati onap et Hediate SERGE o2 3AGR, 1R ehibddimBRI SELGERISS. B0

| i near acagdat, iaerzab;ooepthb rbtbingtaomatbg'lgfnbav%@s (he mtatidgrizd inpait frond thgat e
sections angd .24 et ween open and cl osed positions. In certain

enbodi nené&“,’eagéntlocﬁ NeH rﬁ‘éfﬂQJ'EF%‘F‘OYQ th%Pal"erlgﬁffes%Ctl%\SIz%ﬁ?i%or arolling
screw. Th i g onffy nt of
friction tB Sﬁ%éerlrggee@téﬁgﬁg{%g%]r\?/oﬁt@erﬁ 18%6?%@%8 ﬁ)\éﬁllggﬁ@eﬁiggsr(gﬁé#ng act uat or
12 r educesllows rahmyfriction (viartheaolting fastuzdor €2jubrreducs theowerk fegugrade 20
within the split gate valye, 10. The.rolling actuator 12 i5 caupled to a top
por i on 45 BEehABRGIY aPSigts 116 valee 3 iperdoyr. Ifbehrreandiy 8B

confi gur edrdRuteghtd s e novenent of the gate 20 between the open and
cl osed positions.” A bottom portion 44 of the gate 20 is also coupled to a
stem 46 ( a i ol bores 45
and 47 of P%%Bngr]et sﬁ%%gﬁléa%ltégr% 566%%%'?’\)'3‘5&|°ﬁ%€?}?ﬁ%@¢%§8?m§ wher e

t he split bgdy d 8\aaldvthe gaaté nettintes22 apd 24 fer Hudgplit Yate halvetl®nsAsi2 and 46 may

| b f the single, body 18. h of .t he st 4 46 b
Conment ooBaER: B bR B ARG utfiost Sl bR of 28 m01 0™ o
the top pgsyi @ng. $or2Rdniphe th@bgawmbymrﬂaﬂaeefastaﬁgg@é@&@p&i ons 22 and

24 may formcavities to surround a T-cohnecter (see F 5) located at the
end of eatertangulaebex, enkeciemguar hesxahedron, @ fight rgete@o@r PriB0B4HUAE nent i oned

above, th t.e pncl.u Lr.of g I agg 4 (e.g., slab
sections) Su%e’ %%%"JF r%’é(t g?gglﬁﬂ;{%%ﬁ%ﬁtng&}. %&{méﬁ?@bg@%% u erér?aé(dvant ages
over a si hylwleachcalar,ange i iblofPshapa nis diustrated]itihié Boantl 8fiheludss on
different sides of the split g;te val ve 10 may be separated from each ot her

by the paPrPadt ofRRRosEe fa¢asnEd rdartaced0) inchilinglarge baresas2 i thunped into

the cavit i f i ¥ e, the
cavi ty 2608850t lid BolbniRE Spltae vale' 5, Inrbh enddine BT, D ' o o
each gat ebsex 82 imcl@iesadidnm®ierait that mosy baah lestsh apptaxirhately § éadhes ihn

addition, ,as nentjoned abave, fl yi b u dinto.th ayity 26 from
both 51 dedEReEhe ot Te caaimarth PO 2 RTUdes AT sa BB A 22 and 24
may be CORglEsLARA Hpréxifidhé9EiRbhaRt The diarhtidr 38l Raf fanddBoi Ui d on its
respective side of the split gate valve 10. For exanple, the material may

be corrosBppraxévatendto 2(dachase eppravimatelin /tor Scheles: 4ir appsoximaitely The gate

sections const r.u f. cast car .St eel , tal,

tai n ess S9pal néleq ¥ BRLEATRGYADIE, B inpASY. o HeBR RSy 128HRT ™ o pec
steel s. AlrfhesaF dliexanpie dhe Riighert 36 May del 3 bel50e, 798t @ fEctl, ags182 and 24
forma double seal _which allows the testing of each seal at the sane tine
(i.e., sinfhiantdéi 15,19 @03nrhes. 6 awotaet dametertherrbeiyween. gat e
arrangenment of the gate 20, the pair of gate sections 22 and 24 include a
bi asi ng MmN snnBidifiasp HweHothe d Rdrcludes mpaitef appesite dacaschaifeé.gm 48 i s

configured to,hi.as. th al e _sections, 22.and .24 a from.each her in
i rectt onesor2 eAch BEhBe Lo fng B Bl B 0ié BTLRRT SRS ol Rsed
agai nst apapaf gafe §&ctibns 2nand 24 HGR) X 16dgth 86 dfady ghle séctidie Zphhd gate
valve 10 to forma double seal (i.e., a seal on i .

24. As illustrated, the opening 84 includes a rectangular perimeter 88 with

rounded corners 90. In other embodiments, the perimeter 88 of the opening

84 may be rectangular with right-angled corners 90, square with rounded

corners 90, or square with right-angled corners 90. Alternatively, the
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each side of the valve 10). The seat 54 may be constructed of ceram c, cast
iron, ductile iron, cast carbon steel, gun netal, stainless steel, alloy
steels, corrosion resistant alloys, and/or forged steels. As illustrated,
t he bi asi ng mechani sm 48 i ncludes a spring 56. In other enbodinents, the

bi asi hani 8 i nel hani | ' i al .
The-t o maPEaLt B8 €L P o il HE o CBE LI AR To8R B 3 Wl et ng
for each pairulatche(perBretetrd88 ionkiRs opéning B40aid Ble GHVityi2éestheé odgcur at a

val ve rated working pressure during the rntroduction of a test pressure

into the déaregopBoweditnslaselt fitanoled the gpB02@ Whee thaigateR0dait e sections 22

and 24 al Walel hN C | . sections 22
and 24 to%@%@.ﬁﬁitﬁosgﬁhgbﬂ-&ﬁ?hgﬂuc aﬁﬁtsl‘%wg %cgﬁlgggéecﬁol ons 22 and
24 are coafldwtihe dateo20rey eoiargee hearipialllvf the bpacawithiyy tAe calvity @6. dpl it gate

val ve 10 between the ocgen and cl osed ;ﬁositions. In particular, in response

to a rotaPPEieHIar g@igi2Genaaanssybstaniallythe entiee cavity 3% Tiohly fffingat or 12

converts ‘ﬁtl;,ai' 'd?ﬁr“f i [ [ o] & noves t he
coupl ed ggﬁ(}ése tleoﬁlgmgzda d 82{ gt t%r%%ré)wgg@% rgﬁﬁét(%igjes?ég%ts%ﬁ ons. In
certai n ebbddilBdnes reduatioodn phatagabredhamizing th8 amegunitod detlectiorpi n ext endi ng
into slots wth each gate section 22 and 24. The coupl,i ng, pechani sm 58

gui des 1 hEPEARIFER DYoL AUt GSleLvales 4 Pares asheress inelp ST MBI one
another. | §&hdrafy I'é%ftangtﬁlﬂﬁr Gtﬁ’éWh%'& éﬂ%ﬁﬁﬂféiﬁa’@&ieﬂ%e@ﬁéeﬁ%@@ﬁé@@f the

gate sections 22 and 24 Towards the seat 54 in response to biasing force of
bi asi ng nmaoddne batyd8((e.q. thicker wadlp) toTineresskithe gtrepgthaaindrigiditn of thescr i bed

above all Lalli friGtio ia the rolli act uat reduce the
hork - r equbPRy 1B thaskedbi Praferbrangie n oS MRS R sdbnbely s ge
bore and/ epehingB4palRavshicker il duretindihg theQmte BO@halothbhvise aigg an
enbodi nent of the split gate valve 10 in an open position. As illustrated,

the passafe C¥bawayWihha cieulgaopening( iHawevejage mastionsdabpyeathe 24) is
li gned with, 0f 't he i | f h
Snsonge 29PPRhERAREE bl foldd, Sval Br 8BRS b ekl 0TS

descri bedmeetétHe ddsign cafdriaf for teensplitdrade galae 1fosudhBas fittihhehaghtea20 on system
14. The gear ﬂ%(i,)x 68%45 di sposed between the drive 16 and the rolling

actuat or 299 th¢ge3k3t pox 68 is configured to reduce the anount of

rotational torque used to nove the gate 20 (i.e., gate sections 22 and 24)
bet ween t 04\ en Hirisharsattheparimelrs 88mithe eaaping 84 ard Hiessaviy,2tbs may

i ncl ude | BLEERR oA SrbBESEOMMAUrdd of s G4tk diBing BAKIdRY 3TR) the b T Nt ernal

20. As illustrated, each gate section 22 and 24 includes a main body 94 with
a generally rectangular shape along the length 86 of the sections 22 and 24.
In addition, each gate section 22 and 24 includes ends 96 and 98 and sides
100 and 102 that taper away from the main body 94. In certain embodiments,
each gate section 22 and 24 may include flat ends 96 and 98 and flat sides
100 and 102. End 96 forms a cavity 99 to surround a T-connector located at
the end of the stem 42. End 98 also forms a cavity (not shown}) to surround a
connector (e.g., T-connector) located at the end of the stem 44. Further, each
gate section 22 and 24 includes an opening 104, defining passage 38 through
the gate 20, configured to allow the flow of fluid through the gate 20 when the
gate 20 is aligned with the bore 32 of the body 18. In some embodiments, the
opening 104 of each gate section 22 and 24 may include a diameter 106

equivalent to the diameter 36 of the bore 32 of the body 18. In other
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gearing may include gear ratios ranging from4:1 to 20:1. As described
above, the rolling actuator 12 converts the rotational input fromthe drive
16 and the gear box 68 into a linear notion to nove the pair of gate
sections 22 and 24 between open and closed positions. The split gate val ve

reduce  ne e paaRdBS RO bt ohenind bY B peh ol 8 21, 1 O
par ti cul aand l2armay lb@r@n@m/tman tHeobiapictes 86 of gt boread e5thébody088] FI GS. 3
and 4 illustrate errbodl ments of the actuation system 14 of the split gate

val ve 10. 1ggu2]SPIFIG. Gallgstratey thel floss f@Beﬂ@éﬁ!Hé%’bdfﬂ ghiw te Gufeepd that the

rolling actuator 12 is disposed within the cavit t he Sp||t gate

val ve 10. upae inssiiomgf thetgate @0 intp ﬂf@beda/ h. sbors@ttlcuiaf,rﬁlﬁ t6he acereBsy 26 of

the split e [ Q hi

sui tabl e F%& Ei}?le@é* Bflt?]gvg]ofg' h?ﬁ's %?ﬁBH{%g\,&q&—? 2\6 t@ﬁ 3?&32?8 act uat or
12 is di 8pPHELB.WIhEibddlyNS &ty iHeygate 2004 fsldésrribae nﬁu=¢m342 drel 8. In t he
operating ste outside of the gate sections 22 and 24. In _the enbodi nent

of FIG 4Paff'r$él aolhe: grje sectionwv22Z andi24 aresipsered within terarening B4 ynto6 coupl ed

e

bot h FI GS actua conver
rotati onaberpﬁmdllcmam))m tHeeflaly i unte p]a&sage 64éthfougda6themmlet 28 ahd outlee 30k pair of

ate sectijions 22 24 between_o and c ose 03|t|ons The split gate
8al ve 10 H@B@é&ﬂgbgaeanqrm@eréﬁm??rﬁ@w %ﬁ“a %opﬁ@”gcﬁ‘lWﬁﬁe'&g'fuatgr 12)
to reduce n

particul a?FJIﬁ]ng@é@éth ﬁ%gggﬁ% %%ﬂtﬂr telgl?ulrtﬁe/e gate va k&%?p @bgf%ﬂ@S] FIG 5

I |1 ustrat epace pﬂhsﬁhetoaw&yﬁﬁewf/tbé badydwﬁibdd|addlttonoasmmlb$1éabow 18 and the
ate sectjons 22 and 2 for | ve 10.. As il lustrated, the
Doty 16.1 1 Seaetting 2ogi ahibRnplin8ah fead o Rt Frsdne i A8°5 ' 0F )

For exanphippobB§ beawerl theiiYo Biés?éhi‘iﬁe{hté%e@tlém gbtancuphday Froneekanaul ar
box, a rect angul ar hexahedron, a ri rectangul ar prism sg uare cuboi d,

squar e bogthesto fergha c&xqbéa%equ(emseals éﬂﬁ@mdv@@wnm&etﬁmw ®fteg incl ude a
circul ar, b8¥g|1 or oblong shape. As illustrated, the body 18 includes a
pair of oppo fse faces 78 (e.g., face 80) incl udi ng large bores 32 for the

h 1 t 1 di 1
P por o ool ALbRined 8pdle thedE SanstiniRars oroh8 LoBl H Sr L RE" B ©
i nches i nZGlaﬁ@@iﬁlo éd‘mﬁiﬁ"(ﬁe%&ﬂ%bﬁ@&éﬁem t1h&h§ﬂh@lua§sltﬁ@w di arTEt er 36

that may be | ess than approxi mat el i nches. The dianeter 36 nay range

from appr agiuniare3 toredyce the M@IﬂéﬁeqL&FQQrGWM@Walb’ aperats thecwbes 10r
2pDr oxt ek Yorfnd fickBe). i BePtcdil, RRGE BEHEBHEIoF nih bisbiid Gty

appr oxi ma
10. FIGS. 7 and 8 illustrate some, but not all, of the embodiments of the

rolling actuator 12. FIG. 7 illustrates an embodiment of the rolling actuator 12
that includes a ball screw 128. Although FIG. 7 illustrates one embodiment of
the ball screw 128, the ball screw 128 may include any type of ball screw
mechanism. The ball screw 128 may be a part of or separate from the stem
42 (e.g., the operating stem) of the split gate valve 10. The illustrated ball
screw 128 includes a screw shaft 130 including helical grooves 132 and a nut
134 including a plurality of ball bearings 136. The helical grooves 132 provide
a pathway for the ball bearings 136 to travel along as the nut 134 receives a
rotational input as indicated by arrow 138. The ball screw 128 may include a
recirculation mechanism to recirculate the ball bearings 136 into the helical
grooves 132. The ball screw 128 is configured to convert the rotational input

138 into a linear motion as indicated by arrow 140, while minimizing friction to
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i nches. For exanple, the dianeter 36 may be 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16,17, 18, 19, 20 inches, or any other dianeter

t her ebet ween. [0040] 1 n addition, the body 18 includes a pair of opposite
faces 78 (e.g., face 82) that each includes an opening 84 configured for

the gate BISMERLIEmERhaoRal GRbRARTCThat B ol 2B inAk B el PR s o
rect angul af cremasteel, stinist Btaguatior ammeelsWheltfaucnémmﬁgmadl ments, the
perimeter 88 of the openi ngm84 may be rect angeul ar with right angl ed corners

90, squar BaY Rehcorsifitrer ebe @ngegtgel staiglega stealp alloyisieris /el corners 90.
Alternatlggllayfn cthe perinmeter 88 of the opening 84 may be circular, round,
oval, or oblong. In particular, the perineters 88 of the opening 84 and t he

wnen o B44120 AERRABT I AR b mrisicdtale 120h0RPoA "o he

body 18 Iﬁoll@a@t:rewns@l Mh@ugs@wm;hs |Iﬂ1%tr9te@oﬁ@emaﬂﬁ§nm&hb)mhﬁr| of the
space within the cavit articular, gate 20 engages substantially

the entir&Crew/i%Q: the rO%rgwqew 1\58t"f'ﬂ¥1@'|cﬂllfdﬁ aay hiog ofgolier sgiewbody 18 to the

gate 20 a i on in
mat eri al )Hnel% ﬁ?nmisg? nFSId%)? a@m tﬂe a‘lé?sgeg\{:?ig%wlgéﬁpéncéﬁ ng’c;?‘??ﬁ(glfésr plit gate
val ve 10 scréev, alnaaderpecbmﬂerecrdm aadgirtulating usliergcrdwe, greanbeatihy ringct angul ar

openi ng 84 adds nor |aI ween the gate 20 and the body, 18 (e.qg.,
Chi cker wialBE oy e sals SFF?é"’é%PéH@Yhe o SRPAIAISTAMAS BN 18 A

opposed 1 8234, i der gm)ng tnﬁ%ﬁlﬁ 920y 8 101 TREFIRR QLA 188N Ng B4

allows thic sur t hat ervvl se would be cut
away Wt himludescmsaﬁvmiterﬂ 1?@2 medmbn@heluaed gnmueso’r@tiaa@a\nmt 196e openi ng 84

be circul | the sh ts th
Lo or R0 2 PRy fBlireclaeEiogiiha el BB AT RRE hoig o 50 anc
the seat %g0). [QQ&i}oithsshﬁ@@beftm@aaeaQéIgmheéacﬁe,%l6’2) dritRoORaN  Tee 84 and the

cavity 26 depends on a cross-sectional area of the gate 20 along a wdth 92

gf dt he gahelicah graeves| 1a4pioyidsda paﬂrwvaygf@m%ﬁtrea@ed QQQWGM'OM@I%?] a main
94
secti ons. blalki U B e AACIBE Rtelles" PRGNS N IRA BT aPice. ends

96 and 981aadTaedenermﬁewmrﬁma:tohhgme‘datpafommyhérr@mbh@l inputM 3®iyo 94. 1 n

certain en‘?odl nments, each gate section 22 and 24 may include flat ends 96
and 98 and 'PEaE matiga@siipgic Fﬁﬂili)OerO'EnTﬂOQMh"@r‘ﬁﬁ‘"ﬁ'zﬂbﬁ/fr@ogé‘:’PEP‘%@@round a

T connect aindtpchdnl £E1cPRY. ShelferidBibo frad Pdcargp @ cavity

(not shown) To surround a conhector at the end
of the st ehiofide stéeal tdtainleseatdelgand/os attoy stee? AsteMionedlabdes, te openi ng

104, defini SS e3 t hyo t he 2 nf i ure oallowtheflow
of fluid ECH‘?’&JS% ﬁﬂ éeg 2&‘%@% @r riogera? GWe% i¥h the bore 32
of the bogynfiglired %mmm BRAYS coldre r@BaonANInd@ieq., RRelvedale section
22 and 24 may include a dianeter 106 equivalent to the diameter 36 of the

bore 32 othea @iventiintcslinagar naetian to meve dherpair ©f gateeseltionst2d andB4of t he

opening 1 n 4 | Ler .t t he di anmeter
36 of th eB%@féeerb%%g}p%ﬁh%ncﬁg@%g@_o%ﬁloﬁs%f’f‘un Y s;lﬂ‘? g%fmvalve 1t0 4hds s,
the rolling actuator 12 reduces the work required to mechanically operate the
split gate valve 10, in particular, large bore and/or high pressure gate valves

10.

[0045] As discussed in detail above, the biasing mechanism 48 (e.g.,
spring) is disposed between the pair of gate sections 22 and 24 in a relatively
central location, e.g., between lateral sides. However, the biasing mechanism
48 may be disposed at any location suitable to bias the gate sections 22 and
24 away from one another. Furthermore, the biasing mechanism 48 may

include any biasing structure suitable to impart an expanding biasing force,
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[0042]FIG 6 illustrates the close fit between the body 18 and the gate 20
upon insertion of the gate 20 into the body 18. In particular, FIG 6 is a
cross-sectional view of the body 18 di sposed about the gate 20 taken al ong
line 6-6 of FIG 5. The body 18 and the gate 20 are as described in FIGS. 1

openi ng 634 T e bl R3S 55 Vel e gols BREIRE 7LMn PP he gare
20 cr ossWoRE ahbtior. P RRARipI 2 distwsseddn idetail belbw witls esfgrendé tohr ough t he
inlet 28 and outlet 30 of the body 18. The perineter 88 of the cavity 26

and the opEaPn9-284the bigsing meehanigviaay sialudpe avadgerlikensiryciurgng@ 24, t hus,
the gate t 0 Wl e body 18.
In additi (g)%m @égﬁe@grpiﬁrggglea%koet’/g? gf‘ﬁg‘% 35;@5b§2@ﬁ%§§%é%%8g%}05 n%c{/ﬂ?ncl ude at
| east oneapadsiimgena@iorembsdiméhits]ithe biasihdrtaskanisnhemaytinclodasaneach gate
section 22 and 24 away from each other to forma double seal (e.g., seals
116 and 1%’?3%'?%*3%@%&&\5 %Wegﬂe&%%@ﬁﬁ@g.ﬂw@@ﬁ@ﬂwﬁg Oheftr iréﬂ'@d above,

these enbg @@%faﬁﬁl tstwaccB%Y%I%,Sthé gaf\gﬁn%r% BERIRYABdvat  t he

actuation that 1 nclldes t ing actuator 12 to reduce the
wor k requiprg bar, mesgring-eqlipped pepansion har,varl areintepralspringowedge bar.i ct i on)

in particylar, |ar ore, and/.or hi gh pressure te valves 10. FIGS. 7 and
8 illust r%é‘%ﬁ?gmf’%ﬁbeaﬁPF‘PQ&’e'ﬂﬁB‘%éﬂﬁtsg‘PrFé’ﬁ'ﬁguEﬁaa%%bsr%P g act uat or
12. FI G gvélehtision 6ﬁo@é‘rsﬁar@iﬁﬁldm% Eéfe ddrdiohs ol 19 24t Watdhy 12 t hat

I ncludes a ball screw 128. Although FIG 7 illustrates one enbodi nent of

the ball peaventingduckiing paper defemadipn ¢idhe gateagscliops22oandbéfl screw
mechani sm The ball screw 128 may be a part of or separate fromthe stem 42
(e.g., thiowEdr atAsdjustratey iofF1GRe 9523, ithe gplitegatalvalyel 10 inthuslas| angsor at ed bal |

128 includ . ft 130. includi i 132 d
Ut 134" | TGN SIOp A SIPE ook SERF ohXPATn B3t TaREHAY R 08ooves 132
provi de agpafidhey? hRa 2uhavdplrbmPeRs hRethet Bfivdrd dppdeak sabfsd astiidhe nut 134

receives a rotational input’ as indicated by arrow 138. The ball screw 128
may i ncl ugplitgate yaiveul Gt As thergaisssadions @2ransl 24 greeeerdigedby thebear i ngs 136

into the ' .00 T S ' ' [ 0 convert
e r ot at PEpafdon BERO1ES  Bfantfr dR5tocabA) FdATohE Al tiESate S0 C"
whi | e m niggttidisgRd Bhd L4dntefaceitvingeopp dsite seake b4nd sadl edthigatency. The
ball screw 128 mazl be constructed of steel, stainless steel, and/or

al | oy ste&fstio pad 24pukh thegkodyz 68 ﬁ’gg{eg&ﬁli&ﬁﬁq Valvedd- dn tekir one st eel
Lt £ SR enl 0%kt M Spersiciha EBUelbissamhiaby. FIC ¢
along opposite lateral sides of the gate sections 22 and 24. However, the
expansion bars 168 may be disposed in any suitable location to expand the
gate sections 22 and 24. In addition, the expansion bars 168 include biasing
mechanisms, which are described in greater detail below, to prevent the
expansion bars 168 from buckling or permanently deforming due to
overstroking of the split gate valve 10. For example, embodiments of the
expansion bars 168 include integral spring mechanisms, such as longitudinal
grooves, crosswise slots or notches, and/or orifices, which are compressible
in one or more directions (e.g., lengthwise and/or crosswise directions). This
compressibility of the integral spring mechanisms enables the expansion bars
168 to absorb any overextension or overstroking of the gate sections 22 and

24 beyond the closed position of the split gate valve 10.

[0047] FIGS. 9 and 10 are schematic diagrams of different views of an

embodiment of the split gate valve 10 having expansion bars 168 (e.g., first
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roller screw 150. Although FIG 8 illustrates one enbodiment of the roller
screw 150, the roller screw 150 may include any type of roller screw
mechani sm For exanple, the roller screw 150 may include a planetary roller
screw, an inverted roller screw, a recirculating roller screw, or a bearing

tom a2 ( EadRiGifloag 170 2 Booif ebars BB 17) PEhcnS Rt BB The roller
screw 150sé¢idnsdESand gdriethes bpéh pbsiionnHIGADNiisteités alfropt oevesf the4 and a

nut 156 including a plurality of rollers 158 di sposed between opposite
rings (e.gate 20 agd féé) 10 ihistraten a siderygwnifhe gate?@adbg spdit gate valyeads 162)
or groove Lealk : j : VTN . aded or
gr ooved rgP1 ‘;euﬁgzhgg?bggﬂ]?%%@?{\?e;I"ﬂ)ﬁgd%éﬁ}\éhéelaﬁﬁﬁiaﬁé% reci?égtgggcéo Cgti onal

i nput as abdveaireadditiomrthewstrldture Th¢he spliteates vakre 1168 assdesmnibedured to

convert the rotafional inpuyt 1 into a.linear notjon as indicated by arro
140, i | oAV Bhe HGARPIPEtaGh 168 %iF GoNERLTRIP MR CTaRI CRPRRS P21 cney. The
rol | er SCéﬁth%ﬁ# Réor?&ﬁﬁét‘h‘éﬁ&@',%&f/aeg%ﬁ?éﬁriﬁe %f)ﬁisi-r.]ite s Maesnat eel

and/ or all oy steel's ment 1 oned abo ero g actuator 12 (e.g., the
bal | scr espliizmtevalveel @ 3¢ the paic cbgatessctiops 8rdridy24 ewbves frarddioe fricti on

and to covert rotational jnpyt . g.,-received. by, th rive 16).into |inear
ot on ¢ ooRB0@estan A the ol ingsHie: (FAG S Hip ey linalehd stn " and

cl osed poghli17asaecbhd ehllel 70 lahtl Dbt/ Me¢Radidm TImdispbbed afdrig #9 act uat or
12 reduces the work required to nmechanically operate the split gate val ve

10, in papertion efra lengthyef theraxpansionrbati 188 hrtwesntbe fsstangdsarendio. [ 0045] As

di scussed | i \; .asing. nj . ing) is
i sposed BEPRAZ ¥ TRE e pBEng bARRHERA723 SEMGIEE S ortiad T
central | apahingdvenderst.of the pakof gatd eectiorsi 2ieand B weioeand bdgor thei ng
mechani sm 48 may be di sposed at any | ocatiop suitable to bias the gate

sections SPSEAPOSEIOAIRD-f FRIATBING ANOEABPIESEIAN FRUSASRY, OYaTEXisnaian Ay

mechani s ”béérs%)(in‘g??& Ef&re@l%u%ﬁ‘@' Sdhe lexpahsibh b%k“%BP'A% mesqré@ar fhedn
expandi ng brasing~forte, e.g., Opposite outward force, to force the gate
sect i ons 2griagdhedhaaisay 177 amclodes amgoodna 17Fconfigueplte coapressopssed in
detail below with reference to FIGS. Q.23 he bi asji,ng nmechani sm my

et ude aMRVERET ot DEPREET ot SSrTonma7eaihAf SHP K HTHONGI 8 SR8y adual |y
expand t hgc8iibA 16 prdvet Budilird)\6F thé dpahsion!baraest ahiteptaitpdi ments, the

bi asi ng mechani sm may i nclude an expansion bar, such as a wedge bar or

t apered semhsdimentsweash expangiombae 168 mayyinglusieemoee thascenaispiing, the
( , Y LT ’ .
var.or sl R B B al A BBl OO e T o

| t fi .absar b t ensi t r oki f
the gat o S04dIoncTE N §RS 474 iAERERS by RoRRE Lok PR Rr ranent ©
def or mat i @Rgafe tiebody $8F G SpR BRe2h tol A8HRAiIAThE lekpahsioh®dri n FI GS.

9-23, the splTt gate valve 10 includes one or nore expansion bars 168
(e.g., a [&Bin efstatignery positibarslatigg o the paisof gate spatiens@2anshd4 2Asand 24

he tne galiREaR b o08 078 uAEF bl HoPlest n 3louf, <168 to
expand or rgdessr D @GY slot)asnthe ®odgdiBien,ceriat edbodirshtsothe @atrathg24
interface with the opposite seats 54 to seal_ both gate sections 22 and 24

wi th the B8yl 7amay ingiede differenjahapes apdessribed it gieatahdRtrldsIWV.di scussed

bel ow, th W{ﬁ% f i i 1 | at er al

si des of ﬁ- Hg ga eltggcstg ?g%ﬁghgnb?d%@ﬁ@@g\%??ﬁéﬁagﬁggﬁ?géﬁ)ﬂﬁgrragg'lw may

be di sposddtermatvely, she extdresidbobats 68 trmycheaacliretido gay stategtanppari22 and 24.
I n additign, the expansi on bars_168 include biasing nechanisns, which are

descr i bed (¢4-crasyt G oarnnat 190,055k el gals ¥ae ouvid aais Polb 52168 f r om

buckl i ng oMer manent I%/ def orm nq due to overstroking of the split gate

val ve 10. [#@49%]exApillustratasdnifints. tie paipotgpieriaciand22Andedd fofm ade

i nt egral i i . i L r . w se slots
or ot ches S 8% G 098t S4BionS 1 A, 18SPULHIAE lorBGHaT s 2

di r ect i ongetwesn thd gatgtseotiors 2Rdnar24 onesivh $atedhl rsidd obihg)gatd Isestions
conpressihility of the integral spri nechani s en es.the expansion
bars 168 tzgad'ﬁg%?-bC&H?CW@)@FEd@%?f] ot %ﬁF@'PE?f‘gﬁi"’r\"@aﬁé:} phibeyat e sections
22 and 24 beyond the closed position of the split gate val ve 10.

[0047] FIGS. 9 and 10 are schematic di ggrans of different views of an




enbodi nent of the split gate val ve 10 havi ng expansion bars 168 (e.qg.,
first expansion bar 170 and second expansion bar 172) wth the pair of
gate sections 22 and 24 in the open position. FIG 9 illustrates a front
view of the gate 20 and FIG 10 illustrates a side view of the gate 20. The

st em 1arabttle bte. B 22 1R A 9RPe A e Aol B BRRIASL 7T gate
val ve 10 ©82ascesfipiied eslenfayea réfsedtvpandansiondisy 168asthe pandf gured to
bias the gate sections 22 and 24 away from one another to seal against the

opposi t e gatd sedigng22rand 3pmavegfred thglopennysiion tadhe slasegipasiian. sect i ons

22 d 24 Lt ; A h
expansi onchay exganfibh bR 1883S pBRfydrelio 171 OF iiERSRNBN o WEae R D (1 g
mechani snmwith eathsoists? apenmovinpthel mair of gatelsetivis 22 anble24einpatie on bar 168

between the first_and second ends 174 and.176. The spri mechani sm 177 i s
conf i gur e8lo8gd PS&ficBAS ‘gﬁg\}’éﬂﬁﬁteb etlal'fi’eg‘?i'f’-r P%Pag%%gsf@eﬁ%ﬁe 22 and 24

nto and BRYond dfkch|dapssRATari 108 helules ARBIY d1dd 38Y coRfigIBATHON caused

by overextension or overstroking) to prevent ng € expansi on bar
168. As i ehgage thecslot 182 asphé pgirred gabmssctiond722 ard magsd frogy theveparv 9
configure

d t. ‘ f t ' f i 22 and 24
nto and BeYORATE HiE pseRacsus: monia BiasiEs GAle BRdlanar B ChEvBkpans, on
bar 168. frBrrF@ﬁéahBtr@rrﬂé@(ih@f?%ﬁe&ed%@lm@(Qﬁaﬁbmﬂebﬁénd@&ew18’2?' ude nore
t han one spring mechanism 177 as described in greater detail bel ow

[ 0048] The_[Ldes(") t qflé.gﬁﬁsiagl%é{éiﬁglssgeq%tig:olb@érﬂ?nﬁ%ﬁé oRlthestfashe 0 engage

t he body the split gate v ntain the expansion bar 168 in
a st at i onaf thepaxaniseon barsaG8/and the pair phgatecfectjane 22 e 2heof b2 sphitl 24. As

illustrated, t trudi 78, incl ud li,peth

et ont | ondrtectAlte JBGTRIGS" AR01d. Sredesnsty bas Be ek bET47 afbafi et s,

t he prot r gesebeRNabvESINTRIGS. Tchrt €0 diNdaft, RRchSGPRS Refifeg bylast i n greater
detail below. The bonnet 19 secured to the body 18 hol ds t he expansi on bars

168 in pl aeetions 1&t aad 18811y the rmspectivea gptsmsertions Pesanthig4bdsdbusiraiadt o any

tati ; " ' | 10 vi
i e ol 18E pfine Riskh Bn RETRIhIAN o3 A aYold 188 mesL Vo e V' @
sections 2Rtasd wiicfthergate skoliors322 Gad @4, arelintansspn positidrB 1Tiaung] iA83) al ong

the |l ongitudinal interface between the gate sections 22 anfl 24 on each
| ateral sthfeopen pagitign; Begate seplions 24 aRd 24 meps easily; pevs aladgdtRepai r of

sl ot sect LQnsndifit baP968 8anith it BBt yet biasing the gate sections 22 and 24 apart
from one another. For example, the difference in widths 194 and 196 may

provide a small clearance to reduce friction, and improve movement, of the
gate sections 22 and 24 relative to the expansion bar 168. However, as the
gate sections 22 and 24 move toward the closed position, the expansion bar
168 gradually fills and expands the width 196 of the slot 182 (e.g., in a wedge-
like manner) to create a biasing force to spread apart the gate sections 22
and 24. For example, upon engagement between the tapered end 184 of the
expansion bar 168 and the slot 182, the tapered end 184 gradually wedges,
expands, or spreads the gate sections 22 and 24 apart (i.e., in opposite
diverging directions) from one another. The width 194 of the expansion bar
168 is uniform from the first end 174 toward the second end 176 of the
expansion bar 168, where the width 194 begins to narrow forming the tapered

end 184 of the expansion bar 168.
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respective gate sections 22 and 24 define a respective slot 182. Each sl ot
182 is configured to engage a respective expansion bar 168 as the pair of
gate sections 22 and 24 nove fromthe open position to the cl osed position.
Each expansion bar 168 is configured to forman interference fit or wedge

fit wth sl qf, 18 on , oV he palr.of gate s ions 22.and 24 into
the ol oselBRNT t Um0y BB Foted Priussi st St BPYRpefE NN FlifCur ar
the secongi®Ad ob/4hdh seasid QP@I@?B&ideQ@t’m—’e@@pér@@r%@ﬁﬁer@e‘safp@red end 184
configured to engage the slot 182 as the pair of gate sections 22 are noved

fromthe exampjsuihiie peeondsiohpodions@P ipekides dirst andasacondipostione20Rit e

xpands t AY&Ce MaeBHRY b E3aTaE Gl riPrac bR BEhESartHe Ritef Lo o
enbodi menyatyf seutiene 22t el 24 panadditiohathe firsBamhseddrel partionoL0gaing secti ons

22 and 24 of the split gate valve 10 of FIGS. 9 and 10. The expansi on bar
168 and sP82 taper rconyeraaing diseetionEom the ten eertion 4(htp the bolig n,  each sl ot

Top ond St t . . . .

357 ane S3PORER i oft Blo e kLR 38 b, 18 SR fETEhANGyBR07 sect ons

initiallyirchstestdnfirst angled206 Adtived tot dn tongiitadindBaxislZ08eoftthe egpaesiorct i ons 22
d 24 i Ltign. Thus, i h ition, th t

6ot one Bat 1080 5 aBE2Ab! Mo uRhiar bl B RSb o orbieB i on 1

not yet bifgh ggggéﬁéaetts_aﬁ%greeé, Rreod d%%eéﬁ%?rgff 1016 PORYréaLt hgF - For

exanpl e, the nce in wdths 194 and provide a smal |l cl earance
t o r educeekampla, ding fieat @nghep2 @ maydve appiroximéteiyn® Hhtld, 26c2b08% I and 24

relative to,thge expansion bar 168. .However. as_the gate sectiqns 22 and 24
rove t ovaPl4PRECEIaEan Ayt e HERBEEers T oSl AR 711 e and
expands t el 4§ sé@nPangiee 19 elativB2otRe tngitubinal ¥RIEPDY dfghganner) to
create a biasing force to spread apart the gate sections 22 and 24. For

exanpl e, GpPANsiIeYkRGe BB ENIdhasate RHe Thepmacendangle 810 san raagedfnsi on bar
168 and t d ds,
spreggs tEgpggﬁéas§%9ﬁégg(%%ﬁgégdgﬁﬁgﬁigég%%SE??k+%53%%g§%%éﬁ§?©§r;ingr

di r ecti ong2p deyesesnEopatdrnple, thEnseowrdt ndgl®210fmay be exppamdmartelp&; 1068 i s
uniformfromthe first end 174 toward the second end 176 of the expansi on
bar 168, WRef® £he30niddh A 49 4GRS O AHY PARSTARGR thaTRbetwsen: dp&eE@inend 184
of the ex i I thPfrs i 4T t i uges a first

sl ot portiggrgﬁfgge\ﬁm%fﬁ a u%?@ggﬁq&%ml%ﬁ]ﬁhqlgéﬂgg a %L@%F}%&s%l%dt?ﬁ%o?fi on 199

t hat t apessmarembadianards, thEdirstarmhpdennd: dnglee 200 dndI 0 grerdifferen199 i ncl udes

first and ti 00 apd 202, t hat t d
|t or f acomoaneach Bl TR e e pediitaidts PRREnZ S AR BRI 1 on. (e
first andcspgentchafd bfspasihgpihe @i skafbis 22 af@PMesWsy frinPoférection from

the top portion 40 to the bottom portion 44 of the gate sections 22 and 24.
For exanpklsotherastihe gatesettions 2iand g4|nees leagihwise alpng bempansiofti ve to a

angl'e 206088 Pang0orors ST ARIEF 208 g 4B By et AR 00Cy cos.
15 to 25 depamding ths gitd sectidbsPIgaRE24 dvay ferarpiecandther. finrcetriadmgl e 206 nmay
be approxi mately 5 ees [ _any ot her

10, 15, 20, 25, 30, 35, or 40 d%gr , 3
angl e t heeBladiBents, he:fist apd geperd PoRIoNs2q0hand 483 of theslshdBame 210
relative j j i | and the gate
20. The srggo%dg@%dng{]gﬂo%% %gén@yncg'le ?%’?n‘;be{%gét g>e<c|ﬁ %@gp@?ﬁgh{ﬁ%g}%@ degrees, 10
to 30 degseetionsl®2 and24.degrees, or 10 to 20 degrees. For exanple, the
second angle 210 may be approximately 5, 10, 15, 20, 25, 30, 35, or 40

degrees, @0052]y OAdeierdidbed dbdvecthet swnd drdl T78 bhthe epaodiomEkrsied he first
and seconds angles 206 and 210 are_the sane. In sonme enbodi ments, the first

and seconi@yrgssihetaperagent 484 centigyreditagnopge the slok 162@srthefad 9fi r st and

second an r ' 6§ﬁ§ ~Eexpandi ng
the gate gégf?%%gwggggﬁﬁgggrﬁ%ﬁ§ﬂ.?gﬁkgﬁgﬁg%otIéiﬁggkpﬁg&ggﬁggggitions 22
and 24 nowadltebidihiesgatalsentionh 22 expdisaway frans odé @noffieerasfthee, di f f er ent
angl es 206 and 210, provi de differen tes for expanding, th te sections
35%hnd 24 BRGNS A BN GRasHOP ST 8 A HBb bR eng T & *and
second pogtd el SHHVmSt A BeSdle a
continuouiﬁ%eggﬁia@ﬁgafg§g%%§gggggﬁﬁ?ﬁgeaﬁeggg?ggﬁ%c?Fan 22 and 24. [0052]
As mentioned above, the second end 176 of the expansion bar 168 incl udes
the tapered end 184 configured to enggge the slot 182 as the pair of gate
sections 22 and 24 nove fromthe open position to the closed position and
to bias the gate sections 22 and 24 away from one another as the tapered

end 184 engages the slot 184. In particular, the tapered end 184 of the
expansion bar 168 is configured to wedgingly engage the first and second



portions 200 and 202 of the slot 182 to forman interference fit between
t he expansi on bar 168 and the slot 182 and to bias the gate sections 22 and
24 away from one another. Specifically, tapered end 184 may taper at an
angle 212 relative to the axis 208, thereby enabling the tapered end 184 to

forman int rfer ce we thth first econ portlons
200 and 2B9taR 00N b2 SN TR 54 ln B a et Rty T PeRiRt S0t her - The
angl e 212cpmandiemBar 168 ananRs eidt M8Leind o Higs e Q@ﬁr@%ﬁonéta@m degr ees,
15 to 25 degrees, or 10 to 20 degrees. For exangégm t he an le 212 may be

appr oxi mawRy fem ope amthero Spesiificadly, taperast end 1 %e@pebua ang@ngieher " angl e

my be.t g ainetuE FL ) S 288 bR e Mo oot Bia 0P RRRLAE G e o
t he angl eirddfershye e dilvflédgeeﬂtwifl‘r e fephed s@béndipdrtidhe 200 érhEZGﬂ! ot 182. For

exanpl e, the angle 212 reater or |l ess than the angle nd/ or 210
of the sl avdwgt prgasﬁéeeﬁ%mﬁjzﬁeﬁﬁ %Whﬂgwoménﬁwrbi S fhan t he

ol ther -t nalitanGeisin 3B armare4o Y dicheLEld &%@%ﬁ% 1% 28, Snote 210
rggsbteh;ﬁdegudmnggrlﬂtaﬁglcbgm kb éxarhple, ?ﬁgﬁm%lﬁemgnna%bglgr eat er than,
i || ust rat 8BPr é E‘g g"é‘%&g,ﬁ@% 2’1% r%eqr8%%rt%'(frﬁ’n°tpﬁéaw8n posi tion.

In the opgp QHéMe'e%” zntd&ﬁaﬁwﬁasumﬁbrhgrmé% 092 P the\RfRI&Wbtd &Bgage the
slot 182 to bias the gate sections away from one anot her.

[ 0053] FI Glhayllze thedsarse ascargidr it randém@grfd:he steft 1821 flalseme vi ews of an

nmbodi t of th it t I

Firat oxpameegimane: hrad 2230HG B i b loBiR 5 oG 2 W08, %6t gare
sections gftasd. %r'e&ahﬂ@e chéaediaPRs? Frlaﬁ}rrbe ficGterlar leks b thkesgle f ront vi ew
of the gate 20 and FI G 13 illustrates side view of the gate 20. The

split gat 806angéoriziQ of thesidt 182. Hh@n@.@m@dé@eﬂé%@ apale 210 magde 9- 11 except
the gate 5g dtér tf‘né%’ﬁgﬂe tﬁbtm { é?%rlé’%étrb @?#F{Heﬁh?& gabove, the

expansi on®bars remarn Tn'a S pOSI e gate sections

22 and 24thmu@rteqhat1loveatﬂe®tmélangl)emn&omnetm@e 268 eranoiHeustrat ed in FIG
13, the tapered end 184 of the ex%ﬁqsi on bar 168 Wégg ng&&es t he sl ot

182 f or ne@MRPdIrAgNnty ¢ apglegidomay 8ﬁ% thepngle Erference

fit and b o seal
agai nst o%ggsnlt]%bggq‘@at&ﬁf %ﬁég’l it %ﬁtlg&‘%gh%r;ﬂiﬂo o%gg?‘?%% 14 is a

cl ose-up sopler@t.cAdilugtrated, thegatendeniions 22 aid Mare)fodalt&ﬁ Exthaerogieon bar s
168 and the I|t t.e val ve 10 of

Fros 15 Bastion Wi BhdnReslinR iR Fuanaiol el iee s wdRiBal ] Vo above
in FIGS.  @nddge fife lot 482 t@bRE. thé@%té 3861 zmdnd&a #ay flemeorEnsi on bar 168

fornms an |n%erference fit or wedge fit with the slot 182 to bias the gate
sections 2poWed 24 away from each other. In particular, with the gate 20 in
the cl osed position, the tapered end 184 wedgi ngly engages both the first
portion 2(@0&8]d délGS]dl.?pmdi13rareezherhatihdiagramsxﬁziifﬁedb‘dewsb‘é@nl n greater

detai |l bel d th b 6 th
gate sect PatodiBelr Bs el SR To neVPg SBaPR IR a3 o8 B aisho
M crons), eRphRsiSR bat H¥0hdsdc@nd e&%ﬁngbﬁﬂﬁﬁ*si)?m Wthltﬂetp@w&s?f Og;atés (254 to

1,270 mcrons) away from each other, as indicated . However, the
expansi onsaam@q%%andwbnabep@e@mﬂ@@ctﬁl@nﬁzﬁu%mﬁaa fmr\/te\rby any gap

20O B SEGEET ahe A SR B L s SuP B 1S A0°THE S o 17
valve 10 in FIGS. 12 and 13 is as described in FIGS. 9-11 except the gate 20
is positioned in the closed position. As mentioned above, the expansion bars
168 remain in a stationary position, while the gate sections 22 and 24 move
relative to the expansion bars 168. As illustrated in FIG. 13, the tapered end
184 of the expansion bar 168 wedgingly engages the slot 182 formed by the
pair of gate sections 22 and 24 to form an interference fit and bias the gate
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of the expansion bar 168 and the slot 182 as the gate 20 noves fromthe
open position to the closed position as indicated by arrows 214. FIG 15 is
a schematic di agram of an enbodi nent of the expansion bar 168 engagi ng the
first portion 200 of the slot 182 formed between the gate sections 22 and

1 st r ac SHONGSEEE BhE 23 A RE SR Bet oo Rishs SBn S PR A O
posi tion, tHeheplitypes edivertd. 184 of the expansion bar 168 first engages the
first portion 200 of the slot 182. The engagenent of the first portion 200

of the sl pdo54)2 VI 14hs o @S-8 RAEMESE dgraRforPaRbcRImERt of e ener gi zes
t he expansion’bar 168. In addition, this engagenent forns an interference

fit, as iAlthseddansiorabars\ibdark theapaieehgatesacipas 88 anil4 etithefsplibe

he. expandrinvaily 1038 FIB8, Jadny | TR exeRBhaa: Bach PRS0t e
al ong por deetrhetDb®fe EGH. @-11.8As(ikudrated,the itdd rebieireint® 6f the, the

tapered end 184 gradually increases the biasing force in opposite
di r ect i on§Xpangipabar AGS ferims ar ftedarense il oa wadds it et &6t her. In

td L as) f i |1
rpart o Dbttt 2362 6d 2 ndlPhrim R SRS EpARCYRE I 1Y The
di scussedgatzo2@ in thesclbsedspogition,ithe t2dsreblandat8awedginloefgaeshbdth 11),

whi ch be . [, | t , eat t [ 21 f.ot d
por t1on 381 T Eosiog Do aesabRSHON 212 S1dRe ISR 45 desrbeodRpanel on
bet ween tgf‘ea@iéut&e BBEARS Irecer®ild etdb mren%,%’éex&&qmgar 164 nigpard the

cl osed poSition. [0056] FIG 16 is schematic diagram of an enbodi nent of
t he expanbiasrthbgatd e8ctiongaiil and LHeapfirodimadely 1stociimie (25 .dris 52080 and 202 of

the slot 182 fa t he i.rof te tians. 2 d ith the
pair of gm'@°§8£§®n§§5¥gﬁﬂ2% ﬁ%z gs'@l?r?fggi Y iﬁ?opglf@#’ éﬁon%ﬁwe 16- 16 of
FIG 14. Aficionk)aivapieh eash biiferdas hdiesibl 9)gap2@8 dHadetentthaue to nove
214 toward the closed position, the tapered end 184 of the expansion bar
168 engagéxp@mﬁoﬁbéﬁég%mﬂwbjﬁsmgate gantions @2 angp24 apartdycamnagqiorti on 202

has the agalsefo%}&iééﬁ&iﬁbg’?ﬁéﬁ%ﬁﬁgqﬁéis?ﬁtstg]f second rate of expansion

bet ween the gate sections € gdte 20 noves 214 toward the

cl osed posgidtiQn. {n, ‘angl e, 210 may.. be _equal ,. | ess than greater
Chan t he. T J888 e LY B8t Rtr e SR upp e b Sl i Phe
second pobf tHyexiidhistin BAre168 aihd IRLsIBRY 8D @saRd dhate 90 fF6Ws fFdAtheor | ess than
the first rate of expansion. In reaching the closed position, the tapered
end 184 bpaeBposiiendaitie sloser ositiop amindizatedhy afmovis e BlatHeis.a The
engagenen rii . . j - red end
184 ot neclsrmaig dBRFAT or 2R BRu R U the darion Ber 168 2obafbRE 7V
arrows 23flrstipettivreR00 bétheagier 8P fonmhetifetandntthe gatotedtidBist22 snd Rher bi as

the gate sections 22 and _24 a fro ne another in addition to the bias
provi ded BY & 8atg ‘T’Qﬁt’oﬁéréi @J\%@’%‘%ﬂz& qugﬁgﬁwsﬁﬁoo%!ﬂn-I‘?\Sresponse to

this bi a.siu@gtré%rd;@vhemﬁeg%&@séaﬁgfo%gﬁataﬁ 2@}14?%12%%&»&}4 %aeefe%gec{ipart to

seal against the opposite seats e split gate va 0057] I'n
certai n spositionothe, tapéredsgid 184 af thevexpemsih bay 162 ficst engagekdek first g. |

t end | ting,i te 20 j ng, beyond t.h d ition.
PG 171 eodesahet e et ToF chadarBatl e Thr RoioRZ00 2 onSBhr 168
engagi ng 4Bg wittl the taperetiesRNUs P of el atibrabar 8 cRbrdiAR theot 182 f ormed
bet ween the pair of gate sections 22 and 24, illustrat Iar:]ﬁgeér?e ate 20 noved

Bb

beyond t héxparsien bpodb8i dmaddition, this ergagerdesidorme @niint fteRsept
indicated by arrows 222, between the tapered end 184 of the expansion bar

168 and the slot 182. For example, as the tapered end 184 of the expansion
bar 168 gradually filis and exceeds the width of the slot 182 along portions
200 of the slot 182 (e.g., the interference fit), the tapered end 184 gradually
increases the biasing force in opposite directions to bias the gate sections 22

and 24 away from one another. In response to this biasing force, the gate

20



for the state of the spring nechanism 177 (e.g., groove 179). In response
to the gate 20 bei ng noved beyond the closed position, the spring nechani sm
177 conpresses to prevent buckling of the expansion bar 168. As illustrated
in FIG 17, the spring nechanism 177 is narrower than in FIGS. 15 and 16

U685, " as+ hePgnBZSand 28 RAd b e PRt R BRA LA 4hS SRBOs kR SadRIH o oo
242 engaggf theesplipgaieoh g0 184 distesdedrdiRvelthe ﬁ;@pggﬁioﬁmumsriaé@ah ateral

forces 244 inwardly against the spring nmechanism1l (e.%f, groove 179).
Thus, thearglpaadsi(srehab. 188 vduap Mmayshs equglelass|than corgreatar dhamesglet o axi s

208). By i I e rl 1

add 1 onat 10 B e S RoSHdidn 2625 I3 o 2E RNSE 2 kB PRET R B b 1 ng the
expansi onesansléiBbéivdainatheldite gatorae22 and P42 thedyatd 20mpvés @mone anot her
to seal against the opposite seats 54 of the split gate valve 10. In
certain e‘%ﬂ‘{ﬂ!ﬂﬁ%ﬁ@,seﬂmsﬂm- 246 of the groove 179 may be conpressed to
approximately 0 to 100, 5 to 90, 10 to 80, 20 to 70, 30 to 60, or 40 to 50
percent of0Q ofilgi AGlis gfhrmatia diagsara of@ngmbedimend of ére expangioind 244.

engt b of Do Sad@haite T 288  SRP0d be B RTy o 208 QSRR aRaS 174° anc
176, the forprdticiwebathd p8irhyataséatibmsaitand anitmnheﬁiatne@météve spring
mechani snms. FIG_18 is a schematic diagramo n enbaodi ment of the

f
expansi onSHRIONSE? RA0e APSEARASTIAN. (kMM s G161 FAet 46hd8 end (e. g. .
expansi or . . ps7f g :
Lor i1 one gtate bOyi Gt hRRBhe 22081y 2P BoRAARDIIWOLE B tbRardfie SCcOn

secti ons @Bsed golifion) the thpergubend 484 ghtte exuansiorsbha2 16 dngdgesnthehe cl osed
position. The gate 2 n he nsion bar 168 ar described in FIG 14
except t h%e@fﬁ’gﬁ’@ﬁaﬂ%ggroqi%% Sl‘ﬁ?%@di‘e{ ?@@Hrﬁ%oﬁégﬁjﬁsgﬁ?f@ﬂﬁa The spring
mechani smp2§esdeSF It SPOIEURRE YRS Beb iR fth BF eRPShdidd bRtwédiPtRXpaBRSi on bar
168 and the spring nmechanism 177 (e.g., groove 1/9). The spring nechani sm
252 i s cosgdtipmset? and 24 gsribegaigpdl movas Aty tavearddhe clitdeglipasitiorgat e secti ons
22 and 24) to ve he d the clos ositiaon, thereh reventj buckl i ng
of the exbanly B BufC R may Belad B Be e, R oestB e BR AN 288, el udes
a plural i Thefford! Hess&dvhd rat@ ob&ReRiGt aRhfang eeeohd pbake 2deof pegi t udi nal
axis 208 of the expansion bar 168. The slots 254 conpress axially (e.g

| engt hwi s8lohI8Aganbe eag) gremer twd, onlesgiban the fist sl exparsicat eral |y
ngt! onge : her _ ! ater:

(65" per RERMCARG AoVl iblition! Hie TaiSa Ehd 1BYLBGLL HERLERERERE S O

across a pRmhddd alvay frenvwooé andfheroThelengagearsital thaseddl podionsi des 251

fo 20, 2. €82 Bhihenob 88 ih the taasretaned THnG! WRrRenS PR BROHES f ncl ude
2, 3, 4, §nljrﬁ?ﬁever‘%e fR; asfrdi at %Ezﬂn%%vs éé%, betweeR thd fapetdd chd.18r 20 slots

254. Each o slots 254 | s awdth 256. I n certain enbodi nents,
t he w dt haadthesiot 128 o furtherPlasthe gatetdesticns22 and 2 away fidbodneent s, t he

wi dth 256 _of, sl ots 4 vary bet. e.anat her . 059] ment i oned
Above, -+ nageing Moy e Be¥ peSulET By i 5 Bl BrigotIRBS over ot r oked
resul tingtdparédendaipg. 4R resydrse anrlasiRg felces it gaeiddcadns Bb@ndl9 is a
schemati c _di agram of an enbodi nrent of the expansion bar 168 in FIG 18
engagi ng 2haradually raeve spaidie spakagaingt the@paraite sgals o4 akthe|split 382 f or med
bet ween tQ%Vga'i r of gate sections 22 and 24, illustrating the pair of gate
sections ng' 24 noved beyond the closed position. FIG 19 is as

d i bed inFl G, 18 t f he state of t ' hani,sm 252
(o on M5 gy cReSiesRiag gt bt Bhde s, 3 o8V bERNERIEREST. bei ng
noved beng.l,bbérés&é}ﬁﬁa)l@@ﬂuﬁhg)mtﬁe@atémﬁ MBviMgAEInSthd Glose@npr esses to

prevent buckling of the expansion bar 168. Sim'larly, the spring nechanism
177 conpr pesitent &l@r &0 éna sbherrtia giagramnef aigaborthemof thegxparsienr esul t,

appl  ed B¢ RS enliafio o Dust HeaREeBe e Bl 200 A8 202 T Be ¥t 8Rs "t e
cl osed pofdriiedibetivieefiahé palt of aes s8EtHR, 22 Aed BUdllnsRatngtheegath 20 ot 254 may
be conpressed to approximately 0 to 10 to 80, 20 to 70, 30 to

100, 5 to 90, . :
60, or 4o0mayeddgyenddhe clgserippsdiangi HE. 1jiaas deseribeg imEtGnlp gxceptspri ng,
t he spring nmechani sm 252 absorbs the additional force due to overstroking
(e.g., overextending) the split gate y@lve 10 and prevents damage to the
expansi on bar 168. [0060] FIGS. 20-23 illustrate different enbodi nents of
t he expansi on bar



168, which are each configured to bias the gate sections 22 and 24 away
from one anot her upon noving the gate 20 to the cl osed position. The
different features of the enbodi nents of the expansion bars 168 descri bed
bel ow may be used in any conbination with one another. Each expansi on bar

168 inclugdes, the first end 174 aV|n r ot rudi end 178 and, t he second
e haci e ing Sl of e SHinarmechaNEN AL Gobr Sboe R dhresio s tg " s oo

179) as dﬂ‘n%ﬁ@été% @élﬁg?no@ocbeﬁﬂldtﬁe&:lcﬁb@cﬁﬁt%iﬁdﬁ/%é”sﬁﬂhqucﬁha‘ﬁ@@d' ment of

the expansion bar 168 having a single spring mechani sm groove

179). As féAcPOWEessgsdogrevent hyskling oftherexpansionrran 15& ohs |i1@n§%retect o

Cecti ons B S 72K Hiits ehRbRhR A7 REPaPBlelfehdf A1GST BrEag) o Senti ng

buckl i ng @ue‘t@@x@}(ﬁﬁ\@és 242 bpplidbto th'ertagdﬁhderwwhbﬁtlﬂa’@iﬁaﬁblcﬂgbﬁﬂd 178 of
t he expansion bar 168 includes a “E‘I 6 confi gur ed to engage the body 18

of the splf8 fathe gaie 2O movesbayend teclosed pepliari é¢ thamxedforcas a

h .
exarpl . ARSI Rl EntiAga e Bifes e hBad BELLIIR el llogs "5
[0061] Al £44 lim:tramaj afgamﬁethesp&nglmeclmfsmaaﬁmyg | olovdel 79r @hubatheone

spring nmechanism FIG 21 is perspectjve view of an errgﬁg rr§nt of the
expansi oneb%ﬁnsl%bﬁ%@@%ﬁom‘?sﬁﬂséa%?iiyn{? %EWW&%tol ).2B% (e.g.

groove 17 5 ﬁ'%ﬁ;l H?((S]’b spri ng
mechani sm g%@%d ﬁ@pg’sgﬁ %gt etr?ibyﬁlég |P§tsaen ?34 itﬂ%}és'efg#;ﬁm on bar
168 and tpemptlngganmgeehmesmahﬁbn(lm@% gtlﬂ)enablﬂr@me @mansmnbaj T&&chani sm

252 d t 254 th t
20 (1 o TR e of RBas 27 A% a vy otn B Athore S BeaTsblR i on, O
ther eby pbﬁy@éﬁé é&tQBﬂlﬁf'ttﬁ@sBﬁ q]diévaml R cdin éﬁﬂmdﬁeﬁeh{sl wsiitgt ed, the
spring nmechani sm 252 includes the plurality of slots 254 in a stagﬁered

arrangemaﬁﬁG@Ifﬂ’lﬁggltqwel1J@ghﬁuﬁemmgﬁﬁ§e¢mabpquﬁéa@6pglﬁ%169 b4 9968. The

rom si ded032 80285 88730 RO LB RLpB AR rg e Shallel WGP RS 0T s 254
may rangerdgultrofdhé fordBs 232Tahd12)44 or 2 to 6. For exanple, the expansion bar
168 may include 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

or 20!@@5 FEYREY-S 1Y §Hnrfghﬂe§l‘1é’ﬁl§m2f’747 BBéoéwa}Un@@pgﬁi@n dfflhé?er tain

enbodl nmen he wi dth 256 of the slots sane. | n other

enbodi mentength REthei exnansise kar Hobetwesn thﬁ)f"’&ﬁﬁf}d m@dﬁnﬁ‘hﬁﬁﬂ her. In
dd d bed ab
6 .
F062] PI ! 7B E AR A eiiRel 00 Bttt AR gR < S pans . on bar

168 havi nphethbhispis: BIG. i 18isesdiRmaticdidgrarand adEmbedient of theve 179,
orifices 276, and notches 278). The spring nechani sm 252 is |sposed

bet ween t B¥PANSIAR baniod havigg 3 ﬁ@'@(ﬂ%?ﬁ'ﬁ%gﬁz eban atigdched e9prPifly mechani sm
177 (e.qg. ozt to conpress
upon novi ﬂrgsgt ﬁevﬁ‘%% th?&ggﬂélgggjed@ectl 1@33@ @'3\%9?@ :S%lt:'%ﬁ%ind beyond t he
cl osed popottions, 20&@1@3&2 pf ﬁ\eeﬂbt m@2 foroied befweentthe paipe gatesetizonsl68.  As

illustrat I . f fi 276
1§ gned alamgch S M 1S pat o SRS Sr st aiaes i i loPad bbsBina iieres of
t he expangbfyﬂz@ahd%ﬁ@exa&es.&waeﬂeafar@%sfde%eﬁbé’am AR, fegasstigen | to 10

For exanple, the expansion bar 168 may include 1, , 6, 7, 8, 9,
10, or angxpamsien hanﬁ@% indludes mlmmecmsmw oTh%apﬁn@)rl fice 276 may

be the sanpe or var¥ yeen on noth Q @2? mechani smﬁ % al so

i ncl udes 'EGPRT dRpardbe 2RISR gie FPPITAPPEy of
orifices 2@8. anHrthé%'bhﬁ%;mn@iﬁfH?ﬂSrﬁElWS(eg}hgrd@véﬂéﬂg)tﬂ'h@fspﬁm ches 278 may be
aligned with the plurality of orifices 276. The notches 278 extend across a

portion ofmedhanigng2h2 ingoniigied te cempeassepomnfricing she gatadl éb@adalicon bar

h
o0 T BUShfl 21 gRELATGS 1B b f BB, Pyt bl 2,1 °,
11, 12, 1BucHlihg dfFhe Expaddion bér 188, Kylllaﬁrm‘dpﬂ%’ss;ﬁm méshanibus2iat ed, the

notches 278 include a curved notch. I n some enbodi rrentaiqpthe shape of the
not ch 278inelidasR plwality of gleks 454 aistagaaigd ALIANGEMaRE BINT thect angul ar

h d th f. Th
ol ural i Ly BtSIEr Bt 2B (R R Ran b Y 160 R SIIPRRS L or

conpress upon noving the gate 20 (e.g., gate sections 22 and 24) into and

beyond the cl osed the cl osed positionzzthereby preventing buckling of the

expansi on bar 168. In addition, the expansion bar 168 includes the |ip 266
as descri bed above.




[ 0063] The expansion bar 168 may al so include an alternative protrudi ng end
178. FIG 23 is a perspective view of an enbodi nent of the expansion bar
168 having a cylindrical configuration of the protruding end 178. The
expansi on bar 168 includes a single spring nechanism 177 (e g., groove

179 As nen ned ab 7 1S ured to
Comnr ess OBBLY FoG A Ess.aleng BT “haRAThb rahle 528 hlsdssan o and
beyond t hpteiip$ed. R%séwigéntobia@rz&m) MheVaotsi 283 dg e dYierfiéd t he expansi on
bar 168. In addition, the protruding end 178 of the expansion bar 168

i ncl udes rasgmisedia.gerpendiculerds thedongitudinalexis 1% bhe Bivits 1580nfi gured to

Toa i o SeanCiactsy pebRErER e ARLOT s PSS e B B4l (R AL 5 e

24. For ezsfpRing, 2531@fth¥|dxﬁdhs|©ﬁ|bdﬁr168r UThe muAtlierofs|ote 264 enaprarige t he
retention recess 180 of e body 18. Alternatively, thec I|ndr|cal

prot r usi offorB2 o), Béo 1Aser? &6wﬁ%|%aﬁ‘%ltﬁe@ﬁpﬁﬂﬁoﬁm 8 '68Y bonnet 19,
| 8 l4ad
n certai [h Wsﬁe | h?rggéuﬁd 9q 4884 'f?:c 16067243 3{d ?fr@%t%

Cross-sec cl Ul a triangu squar e, rectan or any
ot her shapB4. Be64f tb?estd:tsﬁﬁéa&ﬁh@émawldmrﬁsmlImcdenmdemﬁmddnemst Ehe ncl ude

the split val v i nc es the ir, of se and 24
(e.g., Q%ﬂbits@sgﬁgﬁﬁ& %ggf’ h@gh%ﬁam@oﬁm%? e‘ﬂ%SBg‘ S=t Sé"’l‘ﬁé‘r Wi t hin
the cavi tg5§§,fgfot D54 314y Va ¥ah bhedhdasdpeen open and cl osed positions.
The split gate va ve 1 nc es the rolling actuator 12 to reduce the

armount of ani I Oy IOM i pgate
bet ween t Fle ogen /g% e@ﬁé@%%g[)o{s’?t'ﬁ:)b%gaﬁﬂ Fdaefi%nrsbt ore a‘%g?or 4|I%TF|1 pressure
val ves. | maydsk dvenstrokéa reﬁﬂQOcthecgme 20 raudngtbefyondmae degblie seal agai nst

t he seat of 54 Oﬁﬁgéh$ it vaI ve 10, Fur gr, th ﬁgl it gate valve 10
i ncl udes BR¥UBR %k%%ﬁ& F@QIB@ Pl ieef AT dhe 8XPRIGHEN 22 and 24
away from,gnesas WPFI@WS’éﬁ%ﬁ%hﬁg%héﬁ?stfaﬂH@%‘éoﬁ& gbh?or&ai(ﬁ) 2Rd 288 drlge gate 20

noves toward t e cl osed The expansi bars may i nclude one or

more spri aigt ﬁﬁeriammaiw’eebma‘n therpsdr mfcgaterss@c’aem 2pandriddyiilhgtratiegdizg e 20 into

and beyond th ose tio revent b klln nsi on bars
165, The BaindT gate SEioN8 A2 it 2 S B ondlBE b Bosith SHRF T T BT e ve
10 to CO”béQﬂes&hl&%:rQﬁGWBQ*cfé‘pﬂcﬂﬂhefskatbftﬁtmbbrlﬁ?l%mh%rﬁeﬁw(érg 22 and
24. In addition, the double seal enables the isolation of a fluid within

the cavit §lof5254). t e mantioned abeve ainvesnonseia heegate 2Rcbalp@pIavedeal  enabl es

testing o split
gate val veeSGT ROk pbfofiiiE B Mechsrivnotr bR 1O bitBht TE
split gat bugklingeoftfeiexphnsien bar néest Bimilbey, thpesprring m@mﬁammﬂd’?t o tightly
fit the gate 20 allow ng a reduycti n in size of t

mi ni mi zi n§OMRECSSRSURMreYentducking hthegdansindear {bat S §dﬁg@*t Z}E?Z’ val ve 10
\ljg??gulsofrg’ dﬂple%;&?fgﬁg sgcﬁg 03h \Wiirldvd MGrebPYReY tPheBYaldBrced P i iied t O

to the expansion bar 168 due to moving the gate 20 beyond the closed

position. In certain embodiments, the width 256 of each slot 254 may be

compressed to approximately 0 to 100, 5 to 90, 10 to 80, 20 to 70, 30 to 60, or

40 to 50 percent of its original width 256. By acting as a spring, the spring

mechanism 252 absorbs the additional force due to overstroking (e.g.,

overextending) the split gate valve 10 and prevents damage to the expansion

bar 168.

[0060] FIGS. 20-23 illustrate different embodiments of the expansion bar
168, which are each configured to bias the gate sections 22 and 24 away from
one another upon moving the gate 20 to the closed position. The different
features of the embodiments of the expansion bars 168 described below may
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alternative fornms, specific enbodi nents have been shown by way of exanple
I n the drawi ngs and have been described in detail herein. However, it
shoul d be understood that the invention is not intended to be limted to
the particular forns disclosed. Rather, the invention is to cover all

nmodi fications, .equival ents...and. alternatives-falling wthin e spirit and
ccope of PROSEAIAY SeRnaHeT e obg FRnS el mepdsir Betn e i ne. | LA v
1. A syst gifludedPeifFstehd 74 RhlihgdRé protRhdifg eREMYE shdthe second end first
and second gate sections coupl ed together and configured to nove together

wi thin a bavingyihetapered sidi 17%and thaispeng ererlanism 1dfde-pogioover! 78hd a
e oz PoskeBiine opye..F1G, AT IR bIHAGHTE VRS SPBRRBMHERE G 8L C2 ., e
first andegpamsion dat ¢68 ¢avingns single\siiing MechasismanT7 ¢.gsefopasiTdons,; and
As mentioned above, the spring mechanism 177 is configured to compress
(e.g., groove 179 narrows) upon moving the gate 20 (e.g., gate sections 22
and 24) into and beyond the closed position, thereby preventing buckling of
the expansion bar 168. In addition, the protruding end 178 of the expansion
bar 168 includes a lip 266 configured to engage the body 18 of the split gate
valve 10 to maintain the expansion bar 168 in a stationary position relative to
the pair of gate sections 22 and 24. For example, the lip 266 may rest in the

retention recess 180 of the body 18.

[0061] Alternatively, the expansion bar 168 may include more than one
spring mechanism. FIG. 21 is a perspective view of an embodiment of the
expansion bar 168 having muliiple spring mechanisms 177 and 252 (e.qg.,
groove 179 and slots 254, respectively). As mentioned above, the spring
mechanism 252 is disposed between the first end 174 of the expansion bar
168 and the spring mechanism 177 (e.g., groove 179). The spring
mechanism 252 is configured to compress (e.g., slots 254 narrow) upon
moving the gate 20 (i.e., gate sections 22 and 24) into and beyond the closed
position, thereby preventing buckling of the expansion bar 168. As illustrated,
the spring mechanism 252 includes the plurality of slots 254 in a staggered
arrangement along the longitudinal axis 208 of the expansion bar 168. The
slots 154 extend across a portion of the width 194 of the expansion bar 168
from sides 251 and 253 of the expansion bar 168. The number of slots 254
may range from 2 to 20, 2 to 10, or 2 to 6. For example, the expansion bar
168 may include 2, 3,4, 5,6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or
20 slots 254. Each of the slots 254 has the width 256. In certain
embodiments, the width 256 of the slots 254 may be the same. In other
embodiments, the width 256 of slots 254 may vary between one another. In

addition, the expansion bar 168 includes the lip 266 as described above.

24



at | east one expansion bar configured to bias the first and second gate
sections away from one another to seal against opposite seats of the split
gate val ve, wherein each expansi on bar conprises a spring nechanism
configured to conpress upon noving the first and second gate sections into

2 The oy L1087 AFE2ANTS derBPelRel gV B prytiifnd e of M AR 01 T

of e first second ga lons forma

sl ot conf bgun 68 havingngaltipleesringempahaniomsbe?7 asd 62 (&ig. sgroans 138cond gate
sections mpye fromthe open Bosition to the cl osed gos_ition. 3. The system

of cl ai m 2IiGRes & rAnchROtENeE 2¢Bhpl ha 8Briag MeckianseR £04S fisRPsedpers at a
Lach cxpanviiitie it oxh v avghie Sumdisiaibr Mo Qb ingREHY,  o1°

each expansion r conprises a ured st and
second gatl@7 feqt,igroevaidg).f Toespring aredhaaisna 252 he configured tecdmpnesges t he

ot L B8 S Bl e RERATR2S P A B,
| ongi t udi B%Eeéﬁo%itiohh%e?@%ﬁPﬁev@ﬂfiﬁ%%cklﬁ@eéﬁhéte aP8ANKhraMHY. eag el ative to

t he | ongi tudi nal axis, an e tapered end of each expansion bar is

conf i gur edlustratsidathe $ririg mechanigns28 intiypasea phuaalityef osifiegs 27®m one anot her
as the tapgred, end es, the,sec rtion, of .the ot . 5..he system
of claim %,ﬁg'@ﬁ%?@fqﬂ%ﬁ%zcg'fq]tr”gfnaéﬁé'lsgb%q %}Ngepﬁges'aé Lﬁﬂ? 353 (g.th%he system
of cl ai m éxpamgsebar 168. Thestunater f drificds Di7eraay rdgeromet {d 16t Fapgle. 7.
The systemof claim1, wherein the split gate val ve conpri ses a body, and

each expaf¥amplexdiie expgisiar bap 168 srayiachgech®, ol Bgbr 68D 19ngaGBYt he body
L e B A e 2oL 1, P RO 10 e et
or vary between one another. The spring mechanism 252 also includes é
plurality of notches 278 arranged between the plurality of orifices 276. In
certain embodiments, the plurality of notches 278 may be aligned with the
plurality of orifices 276. The notches 278 extend across a portion of the width
194 from the sides 251 and 253 of the expansion bar 168. The number of
notches 278 may range from 2 to 20, 2 to 10, or 2 to 6. For example, the
expansion bar 168 may include 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20 notches 278. As illustrated, the notches 278 include a
curved notch. In some embodiments, the shape of the notch 278 may include
a square notch, wedge-shaped notch, rectangular shaped notch, or any other
shape, or any combination of shapes thereof. The plurality of orifices 276
and the plurality of notches 278 shrink or compress upon moving the gate 20
(e.g., gate sections 22 and 24) into and beyond the closed the closed position,
thereby preventing buckling of the expansion bar 168. In addition, the

expansion bar 168 includes the lip 266 as described above.

[0063] The expansion bar 168 may also include an alternative protruding
end 178. FIG. 23 is a perspective view of an embodiment of the expansion
bar 168 having a cylindrical configuration of the protruding end 178. The
expansion bar 168 includes a single spring mechanism 177 (e.g., groove 179).
As mentioned above, the spring mechanism 177 is configured to compress

upon moving the gate 20 (e.g., gate sections 22 and 24) into and beyond the
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8. The systemof claim1l, wherein each expansion bar conprises a first end
and a second end, the spring nmechanismconprises a first spring nechani sm
havi ng a groove di sposed along a portion of a | ength of the expansion bar
between the first and second ends, and the groove is configured to conpress
upon novi the fi.rst and second.gate secti.Qns into .and b ngd_the cl osed
boot i on Bst Boshpn e PTG DusDBes hE sxParsidi BeRdb8) d em of ol o m
8, wher ei Aqdifién IRE IPASIEAG FNISTREONPEI S@aNSioch W NBSIAEILDES BEChani sm

di sposed @%ymeén tﬁﬁaﬁ?rsg end and théﬁgroove of each expansion bar, and
second speylingrinalqiratrusioni288 snth garaspintay bolinporfigurag dm engagetha he first and

d ' ' b d_the .closed Lt .
buckl | ng Bra T ob fSsrlght lae TS tonlitaif 1RE BReA o0 bRl 468 EBY of n second
Spring Nesadhain poRfiN eRftive tBlthé phirtof gate sé&tiohs 221and Dhe Fyrstem of claim

9, wherein the Second spring nmechani smconprises a plurality of notches, a
pl ur al i t yexample; theceindgealpretusionA88omay tiesteast or inthe refeatigp seestisof cl ai m

second oxpenSr Ry 8 AnkRiatFelo B bafRrea bRl B AR B0 201 g ot
| east oneinsgréedgvithive 8 doies of therdodyut@dr bonsstn®. elescertaho embpdirngntshe first

and second (%ate sections into and beyond the cl gsed positiaon to prevent
buckl i ng BHOTUSION 288 mayincldde anplistpatig grsssestional shapedRauding &onpri si ng:

triangular, square, rectangular, or any other shape.

[0064] As discussed above, the disclosed embodiments include the split
gate valve 10 that includes the pair of gate sections 22 and 24 (e.g., slab
gates) coupled together and configured to move together within the cavity 26
of the split gate valve 10 between open and closed positions. The split gate
valve 10 includes the rolling actuator 12 to reduce the amount of mechanical
force or torque required to move the split gate between the open and closed
positions in large bore and/or high pressure valves. In addition, the gate
sections 22 and 24 form a double seal against the seat of 54 of the split gate
valve 10. Further, the split gate valve 10 includes one or more expansion
bars 168 to bias the gate sections 22 and 24 away from one another via slots
182 formed on the gate 20, as the gate 20 moves toward the closed position.
The expansion bars 168 may include one or more spring mechanisms
configured to compress upon moving the gate 20 into and beyond the closed
position to prevent buckling of the expansion bars 168. The pair of gate
sections 22 and 24 also enables the split gate valve 10 to control flows of two
different fluids with each gate section 22 and 24. In addition, the double seal
enables the isolation of a fluid within the cavity 26 of the split gate valve 10.
Further, the double seal enables testing of each seal at the same time by
filling the cavity of the split gate valve 10 with a fluid. In cerfain embodiments,
the body 18 of the split gate vaive 10 includes a rectangular opening
configured to tightly fit the gate 20 allowing a reduction in size of the body 18,
thus, minimizing the amount of deflection experienced by the split gate valve

10 under load pressure.
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a split gate valve, conprising: first and second gate sections
coupl ed together and configured to nove together within a cavity of the
split gate val ve between an open position and a cl osed position; and

at | east one expansion bar configured to bias the first and second gate

ti t te t f th it
gate varvDURSher IS e Pg i iy HiSsu SBRl PR PR ModidibrSardn « hat | s
conpr essi ak@nandélfor%esﬁaéﬁ@ Mod%eh@ Halie bt shdwii B§ Way stex@inspigecond

gate sections forma slot configured to SUE port each expansion bar as the

first andindbestiawigsanshaveobremtdeecribashintaataibhengin obiowear, tloshawd ¢l osed

pon movi 76 WP e FRER BueBlioh B 68 biskHeRle 1 1A ROk SERARNGL 7.0

15. The sfpsinendisdlosddri Rather, thdnednticniie t6 Rovacalimoldifitations,s configured to
conpress upon noving the first and second gate sections into and beyond the
cl osed po@‘il'#'V@'ﬁntsmaﬁﬁé\y@matly%l@ﬁ“ﬂg within iensrisibrivd sepperak the ingentipRe” syst em
of claim nprises a groove extending
Iengthmns%éa ﬁﬁﬁfgyggfﬁﬁ uﬁ§f5Q6¢ (fﬁswﬁgthe expansi on bar, and the groove
is configured to conpress upon noving the first and second gate sections
into and beyond the cl osed position to prevent buckling of the expansion
bar. 17. The system of claim 15, wherein the spring nechani smconprises a
plurality of slots extending crosswise to a |ongitudinal axis of each
expansion bar, and the plurality of slots are configured to conpress upon
noving the first and second gate sections into and beyond the cl osed
position to prevent buckling of the expansion bar.
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18. The system of claim 13, wherein the split gate valve conprises a first
expansi on bar and a second expansion bar, the first and second expansion
bars each having at | east one spring mechani sm configured to conpress upon
noving the first and second gate sections into and beyond the cl osed
position to prevent buckling of the first and second expansion bars. 19. A
system conpri sing: at | east one expansion bar configured to bias
first andC4AIMS gate sections of a split gate val ve away from one anot her
to seal against, opposite seats of the split gate valve as the first and
second gat'es néﬁasﬁaae?ﬂ@Pnﬁpghin a cavity of the split gate val ve between

an open positi apfingai@ VRS *dnipiind:on, wherein each expansion bar
conprises a spring nechani smconfigured to conpress upon noving the first
and second gate secfirsdasdisecond gatsagetianst¢aapigcdiogethnssind eonfigorgst event

pi it gat © VENGSHETRR RIS Frvif Sty BUR R VU o ALoBBRET et oget her

and confi Eugiﬁdntacndrmmesé@g@:;iﬁeh; within the cavity of the split gate val ve
bet ween the open position and the cl osed position, the first and second

gate sections form a8 8llipg achategeenfigured Lupmsiice fdalion anpimsemierbar as the
posi t 1 on, "o (AR N mBBFrd FRTL 08 AR R hy Hae Betlihel ot “Uion
nmovi ng t hbetweest thenspeseamhdioged pos#iohspasd i nto t he cl osed position.
at least one expansion bar configured to bias the first and

second gate sections away from one another to seal against opposite seats of

the split gate valve, wherein each expansion bar comprises a spring

mechanism configured to compress upon moving the first and second gate

sections into and beyond the closed position to prevent buckling of the

expansion bar.

2. The system of claim 1, wherein the first and second gate sections form
a slot configured to engage each expansion bar as the first and second gate

sections move from the open position to the closed position.

3. The system of claim 2, wherein the slot comprises a first portion that
tapers at a first angle relative to a longitudinal axis of the split gate valve, and
each expansion bar comprises a tapered end configured to bias the first and
second gate sections away from one another as the tapered end engages the
first portion of the slot.

4. The system of claim 3, wherein the slot comprises a second portion
offset from the first portion along the longitudinal axis, the second portion
tapers at a second angle relative to the longitudinal axis, and the tapered end
of each expansion bar is configured {o bias the first and second gate sections
away from one another as the tapered end engages the second portion of the
slot.

28



5. The system of claim 4, wherein the first angle equals the second angle.

8. The system of claim 4, wherein the first angle is different from the first
angle.
7. The system of claim 1, wherein the split gate valve comprises a body,

and each expansion bar comprises a protruding end configured to engage the
body to maintain the expansion bar in a stationary position as the first and

second gate sections move between the open and closed positions.

8. The system of claim 1, wherein each expansion bar comprises a first
end and a second end, the spring mechanism comprises a first spring
mechanism having a groove disposed along a portion of a length of the
expansion bar between the first and second ends, and the groove is
configured to compress upon moving the first and second gate sections into
and beyond the closed position to prevent buckling of the expansion bar.

9. The system of claim 8, wherein the spring mechanism comprises a
second spring mechanism disposed between the first end and the groove of
each expansion bar, and second spring mechanism is configured to compress
upon moving the first and second gate sections into and beyond the closed

position to prevent buckling of the expansion bar.

10.  The system of claim 9, wherein second spring mechanism comprises a
plurality of slots.

11.  The system of claim 9, wherein the second spring mechanism
comprises a plurality of notches, a plurality of orifices, or a combination

thereof.
12.  The system of claim 1, wherein the split gate valve comprises a first

expansion bar and a second expansion bar, the first and second expansion

bars each having at least one spring mechanism configured to compress
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upon moving the first and second gate sections into and beyond the closed

position to prevent buckling of the first and second expansion bars.

13. A system, comprising:
a split gate valve, comprising:

first and second gate sections coupled together and configured
to move together within a cavity of the split gate valve between an open
position and a closed position; and

at least one expansion bar configured to bias the first and
second gate sections away from one another to seal against opposite seats of
the split gate valve, wherein each expansion bar comprises a spring
mechanism that is compressible.

14.  The system of claim 13, wherein the first and second gate sections
form a slot configured to support each expansion bar as the first and second
gate sections move from the open position to the closed position, and the
expansion bar is configured to wedgingly engage the slot upon moving the

first and second gate sections into the closed position.

15.  The system of claim 13, wherein the spring mechanism is configured to
compress upon moving the first and second gate sections into and beyond the

closed position to prevent buckiing of each expansion bar.

16.  The system of claim 15, wherein each expansion bar comprises a
groove extending lengthwise along a portion of a length of the expansion bar,
and the groove is configured to compress upon moving the first and second
gate sections into and beyond the closed position to prevent buckling of the

expansion bar.

17.  The system of claim 15, wherein the spring mechanism comprises a
plurality of slots extending crosswise to a longitudinal axis of each expansion
bar, and the plurality of slots are configured to compress upon moving the first
and second gate sections into and beyond the closed position to prevent

buckling of the expansion bar.
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18.  The system of claim 13, wherein the split gate valve comprises a first
expansion bar and a second expansion bar, the first and second expansion
bars each having at least one spring mechanism configured to compress

upon moving the first and second gate sections into and beyond the closed

position to prevent buckling of the first and second expansion bars.

19. A system, comprising:

at least one expansion bar configured to bias first and second gate
sections of a split gate valve away from one another to seal against opposite
seats of the split gate valve as the first and second gates move together
within a cavity of the split gate valve between an open position and a closed
position, wherein each expansion bar comprises a spring mechanism
configured to compress upon moving the first and second gate sections into

and beyond the closed position to prevent buckling of the expansion bar.

20.  The system of claim 19, comprising the split gate valve having the first
and second gate sections coupled together and configured to move together
within the cavity of the split gate valve between the open position and the
closed position, the first and second gate sections form a slot configured to
support each expansion bar as the first and second gate sections move from
the open position to the closed position, and expansion bar is configured to
wedgingly engage the slot upon moving the first and second gate sections

into the closed position.
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