Regulator Dampening Device and Method BACKGROUND TECHNICAL FIELD
[0002]Embodiments of the subject matter disclosed herein generally relate to methods and
devices and, more particularly, to mechanisms and techniques for dampening a motion of a
part of a regulator. DISCUSSION OF THE BACKGROUND [0003]A blowout preventer (BOP)
is a safety mechanism that is URRQ @faor BHIApE By DUV DaRdvRIbth 6@ BOP may be used
for offshore drilling and also for land-based drilling. The BOP is configured to shut off the flow
from the well when necessary. One such event may be the uncontrolled flow of gas, oil or
other well fluids from an underground formation into the well. Such event is sometimes
referred t(BACKEGROUND "blowout” and may occur when formation pressure exceeds the
pressure applied to it by the column of drilling fluid. This event is unforeseeable and if no
measures HE& HNGAL EHElBI it, the well and/or the associated equipment may be damaged.

[0004]Another event that may damage the well and/or the associated equipment
[0002] Embodiments of the subject matter disclosed herein generally relate to

methods and devices and, more particularly, to mechanisms and techniques for

dampening a motion of a part of a regulator.

DISCUSSION OF THE BACKGROUND

[0003] A blowout preventer (BOP) is a safety mechanism that is used at a
wellhead of an oil or gas well. The BOP may be used for offshore drilling and also for
land-based drilling. The BOP is configured to shut off the flow from the well when
necessary. One such event may be the uncontrolled flow of gas, oil or other well fluids
from an underground formation into the well. Such event is sometimes referred to as a
“kick” or a “blowout” and may occur when formation pressure exceeds the pressure
applied to it by the column of drilling fluid. This event is unforeseeable and if no
measures are taken to control it, the well and/or the associated equipment may be
damaged.

[0004] Another event that may damage the well and/or the associated equipment
is a hurricane or an earthquake. Both of these natural phenomena may damage the
integrity of the well and the associated equipment. For example, due to the high winds
produced by a hurricane at the surface of the sea, the vessel or the rig that powers the

undersea equipment may start to drift, requiring the disconnection of the
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is a hurricane or an earthquake. Both of these natural phenomena may damage the integrity
of the well and the associated equipment. For example, due to the high winds produced by a
hurricane at the surface of the sea, the vessel or the rig that powers the undersea equipment
may start to drift, requiring the disconnection of the power/communication cords or other

elements that cozmect the well to th vessl%l orr .Othe;\;\{ents th ttWea g@g)e% e the inﬁe%ré%.

of the well BAYSr LTS '%Lﬁ%r et 86 oesI fBFénéss h%u‘f&%neegppreaa byetﬁ/gé?geskl

in the ad. l@RRéJLt}aﬁté*aﬁﬁ$ag&aggﬁggé%lﬁgm% ggtggygg%?gggﬁﬂnég Leﬁﬁgﬁ%mtare

one of the above events threat ntegrity o

impIementﬁgmvgg\(ﬁot@d)@gﬁb%@&g@m@%m@@%tﬂggﬁ_ssure either in the annular

space between the casing and the drill pipe Or in the open hole (i.e., hole with no drill pipe)

during drilljp@@sjcompletiqnsopesatiorsnlQ) Rl iguwitell Frrwp anak Wbiinakis diledi it in case
undersea. A wellhead 12 of the well 10 is fixed to the seabed 14. A BOP 16 is secured to the

wellhead 1al henBOR? may Bedvearvelsiek Bf2Btendlitik Bidiegete. BathdypeeBOPSHypBally is
include a body and at least two oppositely disposed bonnets. The bonnets partially house a
pair of ramcoloakstidrtzdly ampleoekstedans ke va veetd prepsriethdvith greseUtieett lpada olipfesdure
to seal the well. [0007]Figure 1 shows, for clarity, the ram BOP 16 detached from the wellhead
12. HoweveithgidB P aernslattsonst ketiveavelite sasingopoththepdrillopir: eva. Meipegorhole
tool) 18 is shown traversing the BOP 16 and entering the well 10. The BOP 16 may have two

ram blocksi%0. dtede NaHh frcditRipeH AN EbaE!ing RorRMBeYRYORIIBYRIR with the ram

blocks 20 along directions A and B to close the well 10.
[000%6] Figure 1 shows a well 10 that is drilled undersea. A wellhead 12 of the

well 10 is fixed to the seabed 14. A BOP 16 is secured to the wellhead 12. The BOP
may be a ram block BOP, a blind BOP, etc. Ram-type BOPs typically include a body
and at least two oppositely disposed bonnets. The bonnets partially house a pair of ram
blocks. The ram blocks may be closed or opened with pressurized hydraulic fluid to
seal the well.

[0007] Figure 1 shows, for clarity, the ram BOP 16 detached from the wellhead
12. However, the BOP 16 is attached to the wellhead 12 or other part of the well. A
pipe (or tool) 18 is shown traversing the BOP 16 and entering the well 10. The BOP 16
may have two ram blocks 20 attached to corresponding rods 22. Rods 22 move
integrally with the ram blocks 20 along directions A and B to close the well 10.

[0008] As shown in Figure 2, the BOP 16 may include, besides the ram block 20
and the rod 22, an extension rod 24 that may be locked by a ram locking mechanism
26. An elastomer 28 is attached to the front side of the ram block 20 such that when the

ram block 20 is closed and presses against the pipe 18, it ensures a substantial leakage
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[0008] As shown in Figure 2, the BOP 16 may include, besides the ram block 20 and the rod
22, an extension rod 24 that may be locked by a ram locking mechanism 26. An elastomer 28
is attached to the front side of the ram block 20 such that when the ram block 20 is closed and
presses against the pipe 18, it ensures a substantial leakage 2 free contact between the ram

block 20 apd the pipe 18, i.e., ng liquid from below the ram block 20 escapes in the space
above theggﬁ ‘Eﬁ&%ﬁ@em EOGIALRIAG 2 ignb e fieg ta pRstdiP ITHd O Megiow the

inside an enclc&g(@% %8 Igicsaton 319\ ﬁ%itss g1eeenc€)l\c/)s%e ?2 i t? 8,43?580' chamber 34 and opened
chamber Srg."izlgure SHows The cloge cﬁal%%ereS %a%%g aximum volume while the

d 36 ; inj ds to.a gl
pocilon RS T biocko S0, (ke Breeire o BISad to e AkLhe ol amier 8 HAg ="
fluid in thegreed enambeisidrSer iRt QHe RIS BOVRRIRIKKIPRHAREBI 8 2 WD pened

moving the ram block 20 to an open position. [0010]The pressure to the opened chamber 36

and the clepathpbrBmeFRtie Rrewsld rentidee®ehaRlserass HBVIRECESHaxImDIeN BB AT
in Figure 3. Figure 3 shows a stack 40 of BOPs 16 disposed on top of each other and

configuredrie bpaneditteshwsidh aslrgruééiedctyabiveasl rhh(showndiumigaied1go Hépoddsalsa
includes, among other things, at least a regulator 46 for adjusting a pressure release by the
accumulaesd@ positiorooittie eaneduocdlire 8hen forete cpened ddddioded opandukchartser
example, such a regulator is configured to adjust an input pressure of 5,000 psi to an output
pressure c¥o3a000theifliaig Wothle blesgshriciatearB3Atityverdkillaxtin pistoard Gushviee de dheslefitein
large and appropriate structures are provided to withstand such large pressures.
[0011]HoWddie dubits faatig dheneamdirals 38 e iaBinBaR& PaHidBlocks, when

[0010] The pressure to the opened chamber 36 and the closed chamber 34 is
provided from, for example, accumulators 42, which are shown in Figure 3. Figure 3
shows a stack 40 of BOPs 16 disposed on top of each other and configured to be
mounted with a flange 44 to a wellhead 12 (shown in Figure 1). Stack 40 also includes,
among other things, at least a regulator 46 for adjusting a pressure release by the
accumulators 42 to conform to a required pressure for the opened and closed
chambers. For example, such a regulator is configured to adjust an input pressure of
5,000 psi to an output pressure of 3,000 psi. As would be appreciated by those skilled
in the art, such pressures are large and appropriate structures are provided to withstand
such large pressures.

[0011] However, during testing of the BOP 16 for closing the ram blocks, when
the pressure from accumulators 42 has been released, it has been observed that a
component of the regulator 46, which adjusts the pressure and experiences linear

motion inside the regulator, significantly oscillates (chatter), which leads to the failure of
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the pressure from accumulators 42 has been released, it has been observed that a
component of the regulator 46, which adjusts the pressure and experiences linear motion
inside the regulator, significantly oscillates (chatter), which leads to the failure of the
regulator. It is observed that either this moving part or a part connected to this moving part

fails during the oscijllation regime. [0012]The chatter. is attributed to the ingress of air (or, other.
i hat X RO ROLIFSY . RGNS, IRt e FIRE TR Ar R e 1o his
cause excessive flow e%%ﬁ?igstabiliﬁp(. As tﬂe air compresses and expands, pressure waves are

|

generated %%‘f'?ga%%v He ' regulator an ?ﬁg rrgah Ator compensates those changes in

pressure byyaglysting 2 igcitin @l A, IAMINARELS (HIRLFABIIN MG L MRYERERT O e

regulator causes upstream pressure spikes, which may destroy the regulator slide in a matter

of a few segpRds KLEAMEABREH IARISIRE VARG Yl iRsid RRIERSHAUE D Bruiie.SYRiRR Ve
and methods that effectively overcome the above-noted exemplary problems.
flow and instability. As the air compresses and expands, pressure waves are generated
that react with the regulator and the regulator compensates those changes in pressure
by adjusting a position of a moving part (slide) rapidly. The rapid movement of the
regulator causes upstream pressure spikes, which may destroy the regulator slide in a
matter of a few seconds in some cases.

[0013] Accordingly, it would be desirable to provide systems and methods that

effectively overcome the above-noted exemplary problems.

SUMMARY

[0001] According to one exemplary embodiment, there is a flow regulator that
includes a flow regulating part configured to receive at an inlet a working fluid at a first
pressure and to release the working fluid at an outlet at a second pressure, the second
pressure being smaller than the first pressure; a slide provided inside the flow regulating
part and configured to move along an axis to reduce the pressure of the working fluid
from the first pressure to the second pressure; a control part attached to the flow
regulating part, the control part including a chamber; a spring housing provided in the
chamber and connected to the slide though a shaft, the spring housing configured to
move the slide along the axis; a cap provided in the chamber and facing the spring

housing, the cap being configured to have plural blind holes; and plural pins extending
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SUMMARY [0001]According to one exemplary embodiment, there is a flow regulator that
includes a flow regulating part configured to receive at an inlet a working fluid at a first
pressure and to release the working fluid at an outlet at a second pressure, the second
pressure being smaller than the first pressure; a slide provided inside the flow regulating part
and configured to move along an axis to reduce the pressure of the working fluid from the first

pressure 8l sbechisppassatachedierdhp PRGNS N tHE S BWTRIgRIRSIRG IParcAnbothaedp

part includingt;éa chamber; a spring housing provided in the chamber and connected to the

slide thouR'stsrPIMERSpling Polgsisg LBATIgURRY S RIIVE e SHifle Alang e XS i dgmped
ided in the chamber and faci ing housing, the cap bei figured to h

plural bindW158 AR RRTA LS8 R RS EE e S & A e g

housing, tT&oB al p'”SA%%(;é‘ i%%'gé LS §Qé%§é&lerf<'a‘frﬁ%:§> .‘H]%rﬂ?k%%r%oghé‘?u%%‘éﬁe%i%ﬁ%t

the slide atong the axis' is damped due to a dampening fluid that Is’trapped between

holes and }ﬁﬁﬁg@@%}%ﬁ%ﬁ%&mﬁ?ﬁ RFIBREGENROMABE ANFEAR G IRY at a first

regulator t Ing part configured to receive at an inlet a working fluid at

a first pregside @A eAeRRENE IO BIIAY H.Ad 3h Svidehiat atSecRREH Hrasierdnenscsatthd

pressure being smaller than the first pressure; a slide provided inside the flow regulating part

and configytasd ieepeyApdatiRadstie mdtprtaneressiide provRIBHodEluis ftanréaa Birg
pressure to the second pressure; a control part attached to the flow regulating part, the control

part includagt achaobRluredpoNadausioaPaEvidad to tke sbatheeprasdurensietiedviariting fluid
slide though a shaft, the spring housing configured to move the slide along the axis; and at
least one frionfixibelyficstnpezsedréo ta dretrgsicondf pthesove reg udatitrgl ppartaatiadhei doetht flow
enter a blind hole formed in the slide such that the working fluid is trapped between the blind
hole and tregetatiagtnat fhe. ¢0008) Aarbitmediog | chimiarcResnpngyhetidgdinievidedeie ke
a blowout preventer stack that includes a frame; at least an accumulator attached to the frame
and configiiladRsprpdceanpeteehipiiiie slitrthregbureshafiothssRsiegdirepingidignfigured to

connected to the accumulator and configured to close a well when the working fluid is

provided tB'YE MG RIGERIANhiBE aXi8: 29FTRRALRNSRESBedl roRnesteth iR RIRtHSIBR of

o S S RS P A o

e R T T R s e
[0003] According to still another exemplary embodiment, there is a blowout
preventer stack that includes a frame; at least an accumulator attached to the frame and
configured to provide a working fluid under pressure; a blowout preventer fluidly
connected to the accumulator and configured to close a well when the working fluid is
provided to the blowout preventer; and a flow regulator interposed between the
accumulator and the blowout preventer and configured to reduce a first pressure of the
working fluid from the accumulator to a second pressure to be provided to the blowout

preventer. The flow regulator includes a flow regulating part configured to receive at an

inlet the working fluid at the first pressure and to release the working fluid at an outlet at
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the second pressure, a slide provided inside the flow regulating device and configured to

move along an axis to reduce the pressure of the working fluid from the first pressure to the
second pressure, a control part attached to the flow regulating part, the control part including

a chamber, a spring housing provided in the chamber and connected to the slide though a
shaft, the spring housing configured to move the slide along the axis, a cap provided in the
chamber alit§ fBRARG IR RPHHE: o 4Ty PIRYICRS IhSiFg %f?@lﬁ’réﬂ%ﬁﬁ%%ﬁﬁ% Rt gntgured
and plural pins extending along the axis and attached to the s haousing, the plural pins

being conflgURY SAMNS AR IR IArEAHER DR OGS Hise 218 Ao SR A tisssre
isd d.d d ing fluid that i betw he pl | blind.hol h
e B S A RS T, Sttt BRAIAREET oo R TeglRhng Bas e entrol

which are fugorparaled il aAd RSILS ARNLALING SRRAIEAION,J SRS PR S LMEed to

embodiments and, together w e description, expl ese embodiments In 't rawings:
[0015]FiguigelsiRs@ M@W@'Q@ﬁ%ﬁ@kﬁﬁﬁqﬁﬁ@&!&ﬂ QHAGIR BP0 GIE g1kiE 215n8 e Sxis,
detailed diagram of a conventional ram BOP; [0017]Figure 3 is a schematic diagram of a BOP
stack; [0018Hzip R Hdedihi SN EmpeW i ae!siah g FrsUsing PR RXBBIRGERSnfigured
to have plural blind holes, and plural pins extending along the axis and attached to the
spring housing, the plural pins being configured to enter the plural blind holes so that a

movement of the slide along the axis is damped due to a dampening fluid that is trapped

between the plural blind holes and the plural pins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are incorporated in and constitute a
part of the specification, illustrate one or more embodiments and, together with the

description, explain these embodiments. In the drawings:

[0015] Figure 1 is a schematic diagram of a conventional ram BOP;

[0016] Figure 2 is a more detailed diagram of a conventional ram BOP,

[0017] Figure 3 is a schematic diagram of a BOP stack;

[0018] Figure 4 is an isomeric view of a flow regulator according to an exemplary
embodiment;

[0019] Figure 5 is a schematic diagram of a flow regulator according to an

exemplary embodiment;



embodiment; [0019]Figure 5 is a schematic diagram of a flow regulator according to an
exemplary embodiment; according to an exemplary embodiment; [0021]Figure 7 is a
schematic diagram of a transversal view of a flow regulator according to an exemplary
embodiment; [0022]Figure 8 is a schematic diagram of a slide of a flow regulator according to

an exempl?dgzedTbodimE%tér%ng is a schematic diagram of a transversal view of a flow regulator
according to an exemplary embodiment;
[0021] Figure 7 is a schematic diagram of a transversal view of a flow regulator
according to an exemplary embodiment;
[0022] Figure 8 is a schematic diagram of a slide of a flow regulator according to
an exemplary embodiment; and
[0023] Figure 9 is a schematic diagram of a pin entering a slide of a flow

regulator according to an exemplary embodiment.



[0023]Figure 9 is a schematic diagram of a pin entering a slide of a flow regulator according to
an exemplary embodiment. DETAILED DESCRIPTION [0024]The following description of
the exemplary embodiments refers to the accompanying drawings. The same reference
numbers in different drawings identify the same or similar elements. The following detailed
description E limit the i\zle tlon. Instead, the scope of the invention is defined by the
appended € AV diments are discussed, for simplicity, with regard to the

ot are afReted 1o r 0 SINITR, Barour oL ShE Frelpy rimaeife e e
pressure oé%ﬁﬁﬂ?iﬁ%@r&% IRefglencaorRUaNOIENR MRFEIGRUARdR P M awings identify

embodiment” or "an embodiment” means that a particular feature, structure, or characteristic
described ipganestion whAncrmRadimenhis raabidag inchivastiesaipirodisaanief heit the
subject matter disclosed. Thus, the appearance of the phrases "in one embodiment" or "in an
embodimeyéatigHioussiiage i pageost the sneatinaivadsimng beaassapibe nefedriigiiesthdhe
same embodiment. Further, the particular features, structures or characteristics may be
combined ffiolwirsyidaithediraantsr aneodie cussent efendindiivién te thOgj#dcior divegtéorainology and
exemplary embodiment, a flow regulator is provided with

structure of a pressure regulator. However, the embodiments to be discussed next are

not limited to these systems, but may be applied to other systems that adjust a pressure
of a passing fluid.

[0025] Reference throughout the specification to “one embodiment’ or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring
to the same embodiment. Further, the particular features, structures or characteristics
may be combined in any suitable manner in one or more embodiments.

[0026] According to an exemplary embodiment, a flow regulator is provided with
pins and corresponding blind holes such that the pins trap a fluid inside the blind holes
and squeeze the fluid while attenuating an oscillatory motion (chatter) that may appear
in parts of the flow regulator.

[0027] As shown in Figure 4, in accordance with an exemplary embodiment, a
flow regulator 50 includes a flow regulating part 52 and a control part 54 that controls

the fluid flow. The flow regulating part 52 is configured to regulate a pressure of a
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pins and corresponding blind holes such that the pins trap a fluid inside the blind holes and
squeeze the fluid while attenuating an oscillatory motion (chatter) that may appear in parts of
the flow regulator. [0027]As shown in Figure 4, in accordance with an exemplary embodiment,
a flow regulator 50 includes a flow regulating part 52 and a control part 54 that controls the

fluid flow. The flow regulati art 52 is configured to regulate a pressyre of a . working fluid
while e AT T a2 T PN R, fo o RCH SO R B S g e
one applic:ﬁjiigqN %) ulgto . ide r e tQ 3

psi for an input pérréﬁsri r\g%F?QSO égg |gu}ée) gégﬁoﬁg a?rg ?ggr%ﬁ%[ﬁgé\#e\;%v%?ﬁéz #Oré\/%%u%gu%qgwt
A more defsied e Wl s B HeRUAIes gs?m”‘%'rihglﬁ%ﬁeés&?eﬂ&'ﬁéw Sdinerigife 4 shows
regulating part 52 is shown having a slide 60 configured to move along an axis 62."The slide

60 has a haleigdnbatRNIRE INHONAOFBGIHAISAEON, AVRESTdNIEIRiRRPURIYI RO SIHR hefl s
66 and an output 68 of the flow regulator 50. [0028]The slide 60 is provided inside the tflow

regulating paswaiarigisreconfiguras figuaseive floa wegkiagntsh ria 2isashplen thevilwdausiter 60
pressure from accumulator 42 shown in Figure 3. The flow regulating part 52 is also referred

to as the hgdnéiglicepiatt. Mo dl@aonggatatn Xt Sthis dlide\6h sssite chilenththab pleagsait Jbw
A movement from the flow regulating part 52 is transmitted to the control part 54 by a shaft 70,
which is caefignetiaetiorovehsdorig thesapinwigie poationpan Bpurias strdt 10 et etthe
to a spring housing 72 of the control part 54 via a bolt 74. In another exemplary embodiment,
the shaft 78PMd§BEatendRcted through other means to the spring housing 72, for example,
welding. The O%gring housing 72 is provided into a chamber 76 of the control part 54. The slide

60, shaft 7%8 spring'MSuste75thds hEavdgd dnsidel heafianereadatingaraitl SHo2aginis

[ bodi t, slide 60 i ted to shaft 70 b bolt .
one exem%lgrwlgeurpeé) q(')mFeQ:ea\S/é ﬁ1e v!rsor ?Rgn effu%q f%rS e{?(ample,y t?\eoglwd under pressure from

accumulator 42 shown in Figure 3. The flow regulating part 52 is also referred to as the
hydraulic part. The flow regulating part 52 is fluidly insulated from the control part 54. A
movement from the flow regulating part 52 is transmitted to the control part 54 by a
shaft 70, which is configured to move along axis 62 into the control part 54. The shaft
70 is connected to a spring housing 72 of the control part 54 via a bolt 74. In another
exemplary embodiment, the shaft 70 may be connected through other means to the
spring housing 72, for example, welding. The spring housing 72 is provided into a
chamber 76 of the control part 54. The slide 60, shaft 70, and spring housing 72 may
be made of steel or another strong material.

[0029] In one exemplary embodiment, slide 60 is connected to shaft 70 by a bolt
78. However, as will be discussed later, the slide 60 may be removably attached to the
shaft 70. The spring housing 72 is configured to move along axis 62. The spring

housing 72 may include one or more pins 80. Pins 80 are fixedly attached to the spring
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78. However, as will be discussed later, the slide 60 may be removably attached to the shaft
70. The spring housing 72 is configured to move along axis 62. The spring housing 72 may
include one or more pins 80. Pins 80 are fixedly attached to the spring housing 72. A cap 82
is also provided inside chamber 76, at a side of the chamber 76 opposite to a side that is

dj he fl lati 52. Cap 82 is fi [ (ti itjoni I 84

e o ool b o AR SR Sl Sy
| 84 dj iS. iti 2 ing h .
clement o4 35 MPILIRNS A8 2 e AP  9R 52 ESESTRRIEY

the spring hausiBy £9 SHER AR LERRRIESSUrG ISRl 1ot Nt 8BNS SRRt the

biases the spring hotsing 72, shaft 70 and slide 60 so that fluid communication is allowed

between ingyiBErang AILFREH 08 bR W SR swNeblith g SRR I 8ARNEY Bé AUiDYiRBalBIRy axis

slide 60 moves to the left in Figure 5, compressing the spring 90. This position is shown in

Figure 6, wéeichidea6Q pasitivovertisedismpeardiadoopamisb 26 Findrsedad Gdliistiate
different views of a same flow dampening device. [0031]According to an exemplary
embodimefo080]ings 900naydrensele cépdirsyeifthara ppovidddroetpreandedpmp B2 haitd7heispring
spring housing 72 is balanced by a force applied by the working fluid acting on slide 60, when
the pressulwositg: T2oskiely thakd whe00Topwiesvhnishappliesstadhsf inletficrking spithinBrebisgses
above 3000 psi, the force exerted by the working fluid on the shaft 70 is larger than the force
exerted by i Spiifghoosigii@ sEBatG0anacfise it T thel dyitheamminisatipndsiipwed
along axis 62, closing the working fluid flow through slide 60, as shown in Figure 6. When the

pressure iW%W?@%%@ﬂ@é@%eﬁ@‘é(@é‘@béﬂaﬁ/’s”@@b B SHWS (P APRISH R EAURMIRS.

T B R s L A AR e

opens the ‘é"r%\‘fvirﬁ“%’nf'#‘fé’ufr'g‘%; where slide 60 has moved a distance d along axis 62. Figures 5 and
6 illustrate different views of a same flow dampening device.
[0031] According to an exemplary embodiment, springs 90 may be selected such
that a spring force provided on shaft 70 via spring housing 72 is balanced by a force
applied by the working fluid acting on slide 60, when the pressure of the working fluid is
3000 psi. When the pressure of the working fluid increases above 3000 psi, the force
exerted by the working fluid on the shaft 70 is larger than the force exerted by the
springs 90 on the shaft 70, and thus shaft 70 moves the distance “d” to the left along
axis 62, closing the working fluid flow through slide 60, as shown in Figure 6. When the
pressure in the working fluid at outlet 68 decreases below 3000 psi, the force produced
by the springs 90 on the shaft 70 overcomes the force produced by the working fluid on

the shaft 70, consequently causing a movement of the slide 60 to the right, as shown in

Figure 5, which opens the working fluid flow.
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[0032]Still with regard to Figure 5, it is noted that cap 82 includes blind holes 94 that match

pins 80. Blind holes 94 are defined as having an open end 94a, that is freely to communicate

with the chamber 76 when pins 80 are not inside the blind holes and another end 94b, which

is permanently closed. In this way, a dampening fluid that is present in the chamber 76, for

example, a mineral oil, may be trapped inside the blind hole 94 when a corres on(grlng piston
i it

80 is enterh?g 7 blind FSKE WHHFRIAE) IO GRimy thisttRtGE foal sAREn' INEHRER 94
of the slide as discusseq.in the Background ion, this oscillation is dam ed by th
t tt?a agc z pmseiﬂ). E%anagcﬁeg %’ areS ?'t”ed”eg%ﬁﬁiﬂa ﬁtr& Igp&l ?Hop TS %Q/ttls‘?reely

combination oOf ampening Tluid being trapped insi e ping
ole 84 oleeel e g e R0 A ey T ST g ohe
dampening, fyifl&SeARMBUFIHENRS BURAMRIRIIARRAZENA PR AvHY OBEMBE d uid that is

oscillations of the slide 60 are dampened by the'blind hole 94, pin 80 and dampening fluid
between thsiascHpanblirddnainSds e fip SRAMELNE ARTeRANNOTIHd R tapgedaresing biind
device. The number of the blind holes and corresponding pins depends from application to
applicationh¢RO3R] Invhise exeviptayopdingdprent, 8 RincBlekng athiefasiitse tdtelighty this way,
inside the blind hole 94, for example, with a tolerance in the order of thousands of an inch.
According assuneng rtaibtyezenisoal isuedte ra seall &8 meshbeig raidbdslivie €0 the ¢ist@Ssaddritbe
blind hole 94 to control the leakage flow rate of the dampening fluid from the blind hole 94.
Seal 98 mBpokfotindSrelientidis osciiatisiotisdampaliephy 3beKigmkirmtinn wé theatiagpening
partially encircling pin 80. [0034]According to another exemplary embodiment shown in

Figure 7, didighRsenarigarrechisisla isaditinddalenfdetnairie 80 aprIRIeSHSOINERAMORITIAMKkfIUId

flow regulating part 52. Component 100 forms a side of the flow regulatin part 52 and has a

protrusion 1§ HERIBAJCEA ARt F2 intrprbSiaRtshebiRRTEY Hele Shelasel feptching
ds with a holl | 04, that forn; h | 106. Slide 60 h | 108
s configur 28 GG EAD RGHOR] LB, P04 Bk antaTeh A 08T & e ERy e fpc
1,12 A Balow elementapd = siaun i Figye 8. IpQGSIEigHle,
e prél Pgb at Otnat 8

the sleeve pan 108, frolusion 02
8 illustrate$ ah embodiment 1h Which protrusion Includes at least one pin

configure I i li e f sleey, ]:%ﬁr }ﬁﬁ ' 31? g;
is atta}che%it%%%@p?r%t%%%%%g wi@%ﬁéﬁﬁg'ﬁé lﬁ% ioggﬁme in‘%@ sleeve %%%?i%g of
the slide 6@ g ﬁBl@'@ﬁ“%%@ﬁ B8!S NP aIMPRRTHY R RS QAR HIN R AL MEKe
be attached to sleeve part 108. The working fluid may be trapped inside the blind hole 112

while the pinrdErobthenaropiRiondieg Ay ke ReRIRSRIGI Biie ZWaskikhBuigohheiplinebhsle to

112, the pin 110 and the working fluid dampen a motion of the slide 60 similar to the blind hole
94, pin 80 gysli¢atictampening fluid. Thus, the functional description of this dampening
mechanism is omitted as being similar to the one discussed above.
[0033] In one exemplary embodiment, the pin 80 is manufactured to tightly fit
inside the blind hole 94, for example, with a tolerance in the order of thousands of an
inch. According to an exemplary embodiment, a seal 98 may be formed between the
pin 80 and the blind hole 94 to control the leakage flow rate of the dampening fluid from

the blind hole 94. Seal 98 may be formed to partially or completely encircle pin 80.

Figure 5 shows seal 98 partially encircling pin 80.
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[0036]Pin 110 may have a smooth surface but a small tolerance with respect to the blind hole
112 such that a limited amount of working fluid leaks from the blind hole 112 when

compressed by pin 110. In another exemplary embodiment, the pin 110 may have a grooved
seal 114 formed in its surface to prevent the above mentioned leakage. Figure 9 shows such

file for pin 110 with d 114, [0037]The d ' hani f Fi 8
may b usiithout th TAHRDER S nIE e STEELYe SRICE Ccsbah dhe abitoiEry®
embodiment, the two dam enin%rpe?hani%résﬁ@a be u %6og§éhgrctgn%8¥8m q@ilg;q%‘ﬂow

e
: dampening mechanism _Is forme slide
the slide di& (0 Chatter Of Other osaillations. e disclosed exemplary embodiments

provide a reguflihg B aANE UAEA AT BUIEIRH e WSO RPN ATI RAPEIAE has
ulator? It should be

inside the re d be understood that this description is not intended to limit the

invention. QB RAAHaD: thet @XBNBREIR BRABENSWRITIRE d8H1BIGAebalterAathreusion

modifications and equivalents, which are included in the spirit and scope of the invention as

defined by e aperies &lpsNewRKERehtin dhae tataidensliaserition abie Sasgtaras a sleeve
embodiments, numerous specific details are set forth in order to provide a comprehensive

understandiagt aftidereiaimednfigarstd o Honeeethenkotivitedlemidet aid4vantdl tondztstandrtanel
various embodiments may be practiced without such specific details. [0039]Although the
features arftDélehereitddhdqwerdhteleave pgreiifodimbntond QR endbkallipwtedement 104 is
embodiments in particular combinations, each feature or element can be used alone without
the other f&deMesiafiiDE€Bents of the embodiments or in various combinations with or

without other features and elements disclosed herein. The methods or flow charts provided in
the presenf®Rfikcation FigY 6B HpRIAIES @A PraPedimantinpibiFatnesBrRiHRoR  fidinrivdes at
;‘igg'rﬂﬁ”g%é‘ﬁﬁ%j@ ‘g%fgﬁggggggﬁf?&?e%t?éagﬁé?S%“af{‘cﬁ?,%geéﬁﬁ&%%?ebm P R e part

108. The at least one pin 110 is attached to the protrusion 102 while the blind hole 112
is formed in the sleeve part 108 of the slide 60. In one application, the hole may be
formed in the protrusion 102 and the pin may be attached to sleeve part 108. The
working fluid may be trapped inside the blind hole 112 while the pin 110 of the
protrusion 102 may be compressing the working fluid. The blind hole 112, the pin 110
and the working fluid dampen a motion of the slide 60 similar to the blind hole 94, pin 80
and the dampening fluid. Thus, the functional description of this dampening mechanism
is omitted as being similar to the one discussed above.

[0036] Pin 110 may have a smooth surface but a small tolerance with respect to
the blind hole 112 such that a limited amount of working fluid leaks from the blind hole
112 when compressed by pin 110. In another exemplary embodiment, the pin 110 may
have a grooved seal 114 formed in its surface to prevent the above mentioned leakage.

Figure 9 shows such a profile for pin 110 with grooved seal 114.
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[0040]This written description uses examples of the subject matter disclosed to enable any
person skilled in the art to practice the same, including making and using any devices or
systems and performing any incorporated methods. The patentable scope of the subject
matter is defined by the claims, and may include other examples that occur to those skilled in
the art. Su g other example are intended to be within the scope of the claims. WHAT IS

CLAIMED OinA flow reguI B RIMISHSREChanisMoRf ré QLGN pﬁﬁ%o‘ﬁﬁgﬂ?&ﬁdtd"’l‘g&‘l\tlethe

at an inlet g working fluid taflrst sure o release th workin fUI at an t at
second pra2pSTiE sne%(g?wJ]Er@ssureggelné TR R o S ey BRI e

provided i Qedmﬁﬁ( ﬁﬁétrﬂa% 88’15%‘?8 hePYS r@@U@n?% ?éfﬁut&? 6‘?‘3#1'&%:?@8 due

pressure 0 he working UId omt first pressure to e seco ressure; a contro

attached tadhe, fieyy FpYdRING ARstidhe control part including a chamber;
[0038] The disclosed exemplary embodiments provide a regulator dampening
device and a method for reducing chatter in a movable slide inside the regulator. It
should be understood that this description is not intended to limit the invention. On the
contrary, the exemplary embodiments are intended to cover alternatives, modifications
and equivalents, which are included in the spirit and scope of the invention as defined
by the appended claims. Further, in the detailed description of the exemplary
embodiments, numerous specific details are set forth in order to provide a
comprehensive understanding of the claimed invention. However, one skilled in the art
would understand that various embodiments may be practiced without such specific
details.
[0039] Although the features and elements of the present exemplary
embodiments are described in the embodiments in particular combinations, each
feature or element can be used alone without the other features and elements of the
embodiments or in various combinations with or without other features and elements
disclosed herein. The methods or flow charts provided in the present application may
be implemented in a computer program, software, or firmware tangibly embodied in a

computer-readable storage medium for execution by a specifically programmed

computer or processor.
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a spring housing provided in the chamber and connected to the slide through a shaft, the
spring housing being biased by at least one spring to move the slide along the axis; acap
provided in the chamber and facing the spring housing, the cap including plural blind holes;
and plural pins extending along the axis and attached to the spring housing, the plural pins

bei f to enter the plural blind holes so that t of the slide along th
s damped B Phampen R AT SIS SEEEHAIGR 257 ReRTRER SR TR U S IR P IARES (o

2. The flow_requlator of Claim 1.,.further,comaprising; .. a positionind element attached tQ an.
o of the STERE TS StEof St 15 BERH B Krace® AR RINRG! AERAAEIS Biing

ofthe cap UBAIB AN B5tioms dhd BAHHIRGUAPY RFiBiEd WIAFEIR: e dhlssbie

one spring comprises plural’springs en the d the spring housing configured to

bias the spgig8Qsing LowRtdHaR idedefined- bl EMaieguiatar AbE R de WkkrBHIR ples

control part is configured to receive only the working fluid and the flow regulating part is

configuredtithfergivetenhoheskarspanine Htd, Sierampeinghiprddreingeatiiedest BoWithia the
working fluid.

scope of the claims.
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5. The flow regulator of Claim 1, wherein the shatft is fixedly connected to the slide and to the
spring housing. 6. The flow regulator of Claim 1, further comprising: at least one seal
provided for each pin of the plural pins to slow a release of the trapped working fluid from the

respectivgyRIe j_ots \WigiE By gsorresponding pin moves inside the respective blind hole.
7. The flow regulator of Claim 1, wherein an outside diameter of the plural pins is within about

a thousandth 0f1¢‘%ﬂﬂ60/%§ﬂl§iéi€j%&ﬁ9?i%ﬁﬁqpf the plural blind holes. 8. The flow regulator of
Claim 1, wherein the slide comprises: at least one pin fixedly connected to a protrusion of

the flow regulatingowpreanhaRpIisarechitigiretad iaddmieoamadldn dneotkiisySaa thes fist

working fluid is trapped between the blind hole and the at least one pin. 9. The flow

regulatoppédsiaieghdMoEELES Akl RTKIERIK ASA SeBsydeesnd préssurBeidéecond
regulator of Claim 8, wherein the at least one pin has a seal grooved into a surface of the at
least ong RiBdErEBEMRF S AR Sfanardnerduiddianyéhe blind hole.

a slide provided inside the flow regulating part and configured to move along an
axis to reduce the pressure of the working fluid from the first pressure to the second
pressure;

a control part attached to the flow regulating part, the control part including a
chamber;

a spring housing provided in the chamber and connected to the slide through a
shaft, the spring housing being biased by at least one spring to move the slide along the
axis;

a cap provided in the chamber and facing the spring housing, the cap including
plural blind holes; and

plural pins extending along the axis and attached to the spring housing, the plural
pins being configured to enter the plural blind holes so that a movement of the slide

along the axis is damped by a dampening fluid disposed between the plural blind holes

and the plural pins.

2. The flow regulator of Claim 1, further comprising:
a positioning element attached to an end of the chamber to face the cap, the

positioning element being configured to fix a position of the cap inside the chamber.
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11. A flow regulator, comprising: a flow regulating part configured to receive at an inlet a
working fluid at a first pressure and to release the working fluid at an outlet at a second
pressure, the second pressure being smaller than the first pressure; a slide provided
inside the flow regulating part and configured to move along an axis to reduce the pressure of
the working fluid from the first pressure to the second pressure; a control part attached to

the flow regulatigrpgrhidRe-cquRb PEFIEMSIINGALRAMber,  a spring housing provided in

the chamber and connected to the slide though a shaft, the spring housing being biased by at

least one springrg MQNEINERIdEMEKELIIBRES Al sprifbeBetwesrPiRdixap wAanABEAng

to a protrusion of the flow regulating part and contigured to enter a blind hole formed in the

slide sugh e NEIHALKIRGTHI biBTaRNSSPRINBABIHRRBHATOIR BRI at least one pin.

12. The flow regulator of Claim 11, wherein the at least one pin has a smooth surface. 13.
The flow regulator of Claim 11, wherein the at least one pin has a seal grooved into a surface
of the at least one pin to minimize a flow of working fluid from the blind hole.

4. The flow regulator of Claim 1, wherein the control part is configured to receive

only the working fluid and the flow regulating part is configured to receive only the

dampening fluid, the dampening fluid being different from the working fluid.

5. The flow regulator of Claim 1, wherein the shaft is fixedly connected to the

slide and to the spring housing.
6. The flow regulator of Claim 1, further comprising:
at least one seal provided for each pin of the plural pins to slow a release of the

trapped working fluid from the respective blind hole when the corresponding pin moves

inside the respective blind hole.

7. The flow regulator of Claim 1, wherein an outside diameter of the plural pins is

within about a thousandth of an inch of an inside diameter of the plural blind holes.

8. The flow regulator of Claim 1, wherein the slide comprises:
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14. The flow regulator of Claim 11, further comprising: a cap provided in the chamber and
facing the spring housing, the cap being configured to have plural blind holes; and plural
pins extending along the axis and attached to the spring housing, the plural pins being

. s . i )
damped due to s T A ag g L e e N R D Bt e
pins.  cdrrdliedey SR ARNiRG G dn Sy IRaheXIREINGR thﬁf"tHQW%ﬁg ﬂlﬁg?ﬁmr%f)ped

attached to an end of the chamber to face the cap, the positioning element configure

to fix a pggm%ﬁftﬂgmmiﬂgig%mm%m one F,ﬁ‘_The flow regulator of Claim 14,

wherein: the at least one spring comprises plural springs provided between the cap and
the spring housing and configured to bias the spring housing towards the slide. 17. The
flow regulator of Claim 14, wherein the control part is configured to receive only the

dampening fluig apdd RN JERHEIINONNAIBCRMIILIREHO LRFA% BRY Mhe rKraflidth the

working fluid being different from the dampening fluid.
surface.

10. The flow regulator of Claim 8, wherein the at least one pin has a seal grooved
into a surface of the at least one pin to minimize a flow of working fluid from the blind

hole.

11. A flow regulator, comprising:

a flow regulating part configured to receive at an inlet a working fluid at a first
pressure and to release the working fluid at an outlet at a second pressure, the second
pressure being smaller than the first pressure;

a slide provided inside the flow regulating part and configured to move along an
axis to reduce the pressure of the working fluid from the first pressure to the second
pressure;

a control part attached to the flow regulating part, the control part including a
chamber;

a spring housing provided in the chamber and connected to the slide though a
shaft, the spring housing being biased by at least one spring to move the slide along the

axis; and
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18. The flow regulator of Claim 14, further comprising: at least one seal provided for each
pin of the plural pins to slow a release of the trapped dampening fluid from the corresponding
blind hole when the corresponding pin moves inside the corresponding blind hole. 19. A

blowout preventgrstack, £oORRIRBAIABEARS ed t85IBRSHABIARGITHIANBNARENISEHS 830t and

frame and configured to provide a working fluid under pressure; a blowout preventer

fluidly coghiarige @%ﬁt%?%lﬁ@hé@&ﬂﬂ@%‘%@%@ﬁi&é‘%@dﬂ%mhﬁé e NiRgRGd igidrisoped

provided to the blowout preventer; and a flow regulator interposed between the

accumulgiar anadh e BIRYKPHE I G¥RNRE 2 eeRp B thto reduce a first pressure of the

working fluid from the accumulator to a second pressure to be provided to the blowout
preventer, wherein the flow regulator includes,

12. The flow regulator of Claim 11, wherein the at least one pin has a smooth

surface.

13. The flow regulator of Claim 11, wherein the at least one pin has a seal

grooved into a surface of the at least one pin to minimize a flow of working fluid from the

blind hole.

14. The flow regulator of Claim 11, further comprising:

a cap provided in the chamber and facing the spring housing, the cap being
configured to have plural blind holes; and

plural pins extending along the axis and attached to the spring housing, the plural
pins being configured to enter the plural blind holes so that a movement of the slide
along the axis is damped due to a dampening fluid that is trapped between the plural

blind holes and the plural pins.
15. The flow regulator of Claim 14, further comprising:

a positioning element attached to an end of the chamber to face the cap, the

positioning element being configured to fix a position of the cap inside the chamber.
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a flow regulating part configured to receive at an inlet the working fluid at the first pressure
and to release the working fluid at an outlet at the second pressure, a slide provided
inside the flow regulating part and configured to move along an axis to reduce the pressure of

the working ﬂUiqéfoméhﬁoﬁ\?%ﬁﬂé%?%ﬁ%mﬁr??ﬁ?%g@ﬁﬁ“re’ a control part attached to

the flow regulating part, the control part including a chamber, a spring housing provided in

the chamber ang connested i bssifedhpaea sk éB‘ﬁr?Qé“ﬁ%“v%b%“Be%@&nbfﬁé%Byaﬂ‘d

least one spring to move the slide along the axis, a cap provided in the chamber a

facing the8siih G HsiiathdhnaPsoRRER SO BHRTR BaKR P HERHFINRICs 38 slig@lura

pins extending along the axis and attached to the spring housing, the plural pins being
configured to enter the plural blind holes so that a movement of the slide along the axis is
damped due to a dampening fluid provided between the plural blind holes and the plural pins.

20. The blowous preyameisieg RS AMtiSmiuinersarBR iﬁi@%ontrcﬂtdﬁﬁsits%ﬁ?}{g%e& dy

connected to a protrusion of the flow regulating part and configured to enter a blin

formed ipdbiglidpusie atibenyinRTAHd & ABRPFLEEMERS $aR Rikdhriettd Rebive

least one pin.
only the working fluid, the working fluid being different from the dampening fluid.

18. The flow regulator of Claim 14, further comprising:
at least one seal provided for each pin of the plural pins to slow a release of the
trapped dampening fluid from the corresponding blind hole when the corresponding pin

moves inside the corresponding blind hole.

19. A blowout preventer stack, comprising:

a frame;

at least an accumulator attached to the frame and configured to provide a
working fluid under pressure;

a blowout preventer fluidly connected to the accumulator and configured to close
a well when the working fluid is provided to the blowout preventer; and

a flow regulator interposed between the accumulator and the blowout preventer
and configured to reduce a first pressure of the working fluid from the accumulator to a
second pressure to be provided to the blowout preventer,

wherein the flow regulator includes,

19



a flow regulating part configured to receive at an inlet the working fluid at the first
pressure and to release the working fluid at an outlet at the second pressure,

a slide provided inside the flow regulating part and configured to move along an
axis to reduce the pressure of the working fluid from the first pressure to the second
pressure,

a control part attached to the flow regulating part, the control part including a

chamber,

a spring housing provided in the chamber and connected to the slide though a
shaft, the spring housing being biased by at least one spring to move the slide along the
axis,

a cap provided in the chamber and facing the spring housing, the cap being
configured to have plural blind holes, and

plural pins extending along the axis and attached to the spring housing, the plural
pins being configured to enter the plural blind holes so that a movement of the slide
along the axis is damped due to a dampening fluid provided between the plural blind

holes and the plural pins.

20. The blowout preventer stack of Claim 19, further comprising:
at least one pin fixedly connected to a protrusion of the flow regulating part and
configured to enter a blind hole formed in the slide such that the working fluid is trapped

between the blind hole and the at least one pin.
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