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METHOD Background of the Invention Field of the Invention The present, .

I nvention relates to the danping ol'mmmmIﬁMMMMI sations in a fluid y'st'_em
More particul arla/‘qﬁ the present inv ddps to a gas Pch rﬁedsgu! sation
danpi ng as¥EhEY¥463r danpi ng pressure pubigations in power, SIS on or
control systens. Setting of the Invention Wirking fluid used in power,

transm ssion and control systens may Jpe subjected to periodic, rapid.
pressure increases and decreases. As used herein, the term"working fluid"

I's intended to refgf U . ' and static, used to
noni tor, power oﬂ'éﬁ&@?@ﬁ@@ﬁ?’ﬂé@%ﬁ%&h@@ WJ@@RDW ng through a
pipeline, or to other fluigds ,that are the effective or active fluids in a
static or dynamc system aﬁﬁw"&fﬁé@ﬁﬂ'@ - P’Eﬁ{iﬂﬁt ions in working fluids, .
referred to generally as "pulsations,”" can danage and interfere with the
oper at Fialdof thadnvgntiems. Pressure pul sations are frequently induced by
positive displacenent punps associated with systens. A wide variety of

devi ces havFhéeessaltusiention refatstatpitie dampinglof présswse pufsationsrtma fluidat i on
danpi ng technique allows the working fluid pressure to be exerted against

an eneLiefP SR BArtaNrf? thd'leseRP fivehfof rdlaftis™id 4 B8s BidddpifRsatior Ne

pul sat |

damping assembly for damping pressure pulsations in power, transmission or control
systems.
Setting of the Invention

Working fluid used in power, transmission and control systems may be subjected
to periodic, rapid pressure increases and decreases. As used herein, the term "working
fluid" is intended to refer to liquids and gases, both flowing and static, used to monitor, |
power or regulate machinery orto thé fluids moving through a pipeline, or to other fluids
that are the effective or active fluids in a static or dynamic system.

These. pressure fluctuations in working ﬂugds. referred to generally as
"pulsations,” can damége and interfere with the operation of the syé:tefns. Pressure
pulsations are frequently induced by positive displacement pumps associated with
systems. A wide variety of devices have been developed to dampen the pL;Isations.
A common puisation damping technique allows the wofklng fluid pressure to be exerted
against an energy-absorbing device that tends to diminish the amplitude of the
| pulsations. | B

A common "tubular" design used for pulsation damping of flowing flulds employs

a perforated tube section extending centrally through an annular, gas-pressurized

diaphragm contained within a section of a system fluid flow line. One such design Is
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A common "tubul ar” design used for pul sation danping of flow ng fluids

enpl oys a perforated tube section extending centrally through an annul ar,
gas-pressuri zed diaphragmcontained within a section of a systemfluid
flow line. One such design is ~ WO 03/010463 PCT/ US02/ 235%%_1,{-}%- /' Igust rated
in U S Pah48463,4 759 °387. Pulsations in the worki ng flui ?ﬁ?ﬁ g y a
liquid) flow ng through the perforated.tube are danped by distending the
di aphragmradially outwardly. This ggt_i on forces the working fluid within
“the tube to flowradially through thé perforations in the tube, thereby
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substantially unstressed. If the systemis operated outside its optinmum
pr essuroaitwardiye, Thisaghionferpeszheworking fuid within thectube te flowrgdisliy thueegh by

pul sations In the working fluid can stretch and thereby stress the

resili apg patfationgnn thy tube, thereby dissipating dqsorion oftthe palsationenerdy with sat i on
danpi ng systens are relatively large and the performance and efficiency of

SLCh SY8| STt eI BRI RreladdorgisuBhgRame, charges act [ ng agalns

g | aphT | e prior art P n danpi ng "arrangenent of the _
as the gas ElARn SEPBIRT aiRions' deind e ABhorlsBbrh 21 RBSGn e BRBLLE &' 1 <
i ncreased toward the operating r,esFure of the working flujd. These

"t ubul dntended det pearatanwitiig @y’@i)aé'l’fﬁ Yr BgUPVePia§8UEa AN a’MtE‘ﬁ' which gﬁforat ed

tubul ar section that underlies and supports the inflatable diaphragm Sone
of sucldiaphragm is substantially unstressed. If the system is operated outside its optimum

pressure range, the pressurizlng gas and the pressure surges caused by pulsations in
the working fluld can stretch and thereby stress the resilient diaphragm. By virtue of
their design, these prior art pulsation damping systems are relatively_ large and the
performance and efﬁciehcy of such systems vary as a function of the gas pressure
charges acting against the diaphragm. One prior art pulsation damping arrangement
of the described "tubular” design exr_@ibits a significant dgcrease in damping ratjo asthe
gas éharge (determined as a percentage of working-;ﬂu:id pressure) is increased toward
the operating pressure of the working fiuid.

These "tubular” pulsation damping systems require the fabrication of a perforated
tubular section that underlies and supports the inflatable diaphragm. Some of such
systems require additional structural supporting materials to prevent the perforated tube
from collapsing under the compreésive force éxerted by the fnressurized diaphragm.
These perforated tubes and associated structural supporting members can be large and
expensive to fabricate, particularly when itis necessary to use exotic metals and alloys

and other corrosion resistant or specialty strength-enhancing materials.



systens require additional structural supporting materials to prevent the
perforated tube from coll apsi ng under the conpressive force exerted by the
pressuri zed di aphragm These perforated tubes and associ ated structural

supporting vVB’JS’/Efo%scan be large and expensive to fabricat®yrRaitissd! arly
when it is necessary to use exotic netals and alloys and other corrosion

resistant or specialty strength-enhancing nmaterials. WO 03/010463
PCT/ US02/ 23524 -3- Another prior art pul sation danping design uses a .
bel l ows or a piston-cylinder arrangément disposed in a surge chanber that

comuni cates with the working f] ui ei.,ng damped.. U. S. Patent

5, 205, 326 | Angther srieg aﬁm@%&tﬁaﬂaaﬁmags'aﬁ %ﬁgge‘}e&u%? °rﬂ1@5t881°1y@6%°'
conpresses, or the piston is driven into the cylinder, as the pressure of
the warrangementidisposed freasurggcharberthat comawbisate with greywpedng fuid
Conpressed gas or nechanical springs are used to resist the conpressive

force gymgtdmpad.t eSS Paiefit Neu5206|326 illistrates pulsitiort dambers gfithisdypen
danpi ng systens, the danping efficiency of the bellows and piston-cylinder

arrangepE :B{eg%\)@%. o) dftfe g%wﬁs‘afrivéﬁmté HetyNiderdastheditasdpe f thepr i ng

force _ agai ns e pressure responsive éelenent. The bellows and
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charging the diaphragmis sufficiently greater than that of the pressure of
t he woplisatiofi) A withthetubetdrgulsation dampingsysteins, thedamping efficigncy of K¢ when a
| arge pressure differential exists between the pressure of the working
fluid gafowdandasisthédidder arrangements varies over the range of the internal gas

charge or spring force exerted against the pressure responsive element. The bellows

and piston-cylinder members of these prior art systems require relatively large

components and are also expensive to fabricate.

The brior art alsoteaches a pulsation damper design employing a relatively thick, '

flexible diaphragm that rests against a domed, perforated support when the gas

pressure charging the diaphragm is sqfﬁqiently greater than that of the pressure of the

working fluid. The design protects the"diéphragm from rupturing when a large pressure

differential exists between the pressure of the working fluid and the gas charge

pressure. An example of such a design may be seen in U.S. Patent No. 2,563,257,

which employs a perforated plate having a cup or dish shape to subp.ort the g'as '

charged diaphragm. The diaphragm is movable in a large chamber betweep its

| extreme pressuréd and unpressured positionsi without stretching or stressing the

diaphragm. Because the diaphragm can move its entire length in either direction from

its central mounting point, the pulsation absorber described in the patent requires a

chamber that Is substantially twice the unstressed axial displacement height' of the




pressure. An exanple of such a design may be seen in U S. Patent No.
2,563,257, which enploys a perforated plate having a cup or dish.shape to
support the gas charged di aphragm The diaphragmis novable in a | arge
chanber between its extrene pressured and unpressured posj.t.i | t hout
stretching“ﬁ?mgpwggsing the diaphragm Because the diaph?é@@@@%ﬁ ve its
entire length in either direction from its central npunting point, the
pul sation absorber described in the patent requires.a chanber that is
substantially twice the unstressed afi-al displacenent hei ght of the WO

03/ 010463 PCT/ USQ2/ 23524 -4- di aphragm The cup or dish shape is said In

t he padiaphragmbelhe etie aidish shape is said ipcthe patenidoppepeeferabiende & flatact s as
an arch and provides a greater area for perforations. As with the

pr evi operforatebplatdmchatit actsiazrardanchiarg prosidess greztepsrezdfot potivrations. :
di aphragns - and bel |l ows or piston-cylinder arrangenents, the dome-shaped cup

o 1 o0 or 3 S P g Soothad o eIt s
Z555'e%i%aw%imrsiﬁg%@é*ﬁag%@&ﬁ%}?m%@ %b%?g%@%ﬂtﬁ&ﬁ%@bﬁ%—?@%ﬂeﬁp&?‘@%a?{e e

c o : i id S . : . A .
di aphr dgHIo sanheTsEel dame AN LoRBRR RS FRcat Rar b Rk RSt Ramber o
forma pul sation danper. The di aphragm has a flat base that, when fully

di st encenstiygtas of matal aiioysher gther cpesiadly, sirength-fphaneingameatesiels. pdiheor at ed

circular netal sheet. The perforated netal sheet is closely spaced froma

pl anar damping efdciersy of thd Hztems cax adsbe del) vatiablecovep dherearege bfythaef or i ng
under the force exerted by the pressurized diaphragm An annul ar channel

f or medp a3 sk ey AHAtichs th fHY WakdhgPanges the

Summary of the Invention

A flexible diaphragm is disposed between a working fluid and a gas-charged
chamber to form a pulsation damper. The diaphragm has a flat base that, when fully
distended by pressure in the gas chamber, lies against a flat, perforated circular metal
sheet. The perforated n_\.etal sheet is closely spaced from a planar backing sulr_face that
prevents the sheet fro;n Ipermanently deforming under the force exerted by the
pressurized diaphragm. An annular channel formed in the backing surface places the
working ﬂuid in conta_ct with the perforated metal sheet and permits fiuid flow through
the assembly when the perforated sheet is engaging the planar backing surface.
Pressure pulsations in the wquing fluid displace the diaphragm away from the
perforated metal sheet. A flat retai'ning wall in the gas chamber limits the travel of the
diaphragm away from the metal sheet. Back and forth flow of the pulsing working fluid

through the perforations and the compression of the gas in the gas chamber diséipate

the energy of the pulses to achieve the damping effect.



working fluid in contact wwth the perforated netal sheet and permts fluid
flow through the assenbly when the perforated sheet |Is engagi ng the planar
backi ng surface. Pressure pulsations in the working fluid displace the

di aphragm %ﬁ?’}‘"‘%?@ the perforated netal sheet. A flat re#’g_mspﬁ?\g@ | in

the gas ch ts the travel of the diaphragm away net al
sheet. Back and forth flow of the pulsing working fluid through the
perforations and the conpression of tpe gas in the gas chanber dissipate,
the energy of the pulses to achieve 1Hé danping effect. WO 03/010463

PCT/ US02/ 23524 -5-, The di aphragm,ts_maintained in nQn-st r.e dition
during its Rbragm %é@%'"ﬁge‘i’ ?rh? NQBt qesg?fgg?ndo{ﬁ%n ﬁﬂgné ft%ﬁfq'%gpgqqﬂi ng
wal I . The di aphragm noves only In_a single direction fromits nounting

wi t hi n hatweentie iat metal ahegtanddbe fabrejainipgiwal. Thedlapkraganmoyes pRY In

di aphragm and contri butes to reducing the total height of the danping

assenblg sinfleedredtionafromets mouhting evithinpthehbamydofdhe ptarapen assembly,avhickl y t hin
conpared to the diaphragm base. The thin wall construction enhances the

res pontsrﬁgut s Wasr %if%ﬁ)@ro@%mrsgmpérﬂféaﬁﬁbﬁidsqb%amﬂg the tbf# HewjHtigTané! ui d

whi |l e | cker base rotects the diaphragm from danage caused by
engage Wt | : ' of the
conpondiaapilh e, CiE ERTGLIHE of b i8pRieSd Ridihutyrh arp [H8NATT LA
non- st ressed erating, ran of e . di aphra r,oduce a | ow cost, | ong-
live as%ﬂﬂﬁ@gﬁq’lg?e Q'ﬁghfﬁgﬂg%ﬁs?'i ﬁgsﬁﬁﬂwﬁk@ﬁgﬁﬁ?‘ﬁ%‘é@q‘ﬁl&ﬁs%i r%ﬁ?l?ﬂ?%g ratio
verses the .gas chanber charge as a percent ag& of the worKki E& fluid
pr essuraf, the diaphaagmpler pressirgdlictiations dn theywetking Buldawhile, the, thickps bRSRg 11 ui d
pressure. The conponents of a pul sation danper of the present invention may
be easigrptects the diaphragm from damage caused by engagement with, and movementover,
the perforated disk.
The design of the components of the present invention coupled with the limited
movement, non-stressed operating range of the diaphragm produce a low cost, long-
live assembly that exhibits a linear relationship between its damping ratio verses the
gas chamber charge as a percentage of the working fluid pressure, even at
percentages approaching 100 percent of the working fluid preés.ure.
The ;:ompohents of a pulsation damper of the present invention may be easily
and inexpensively fabricated from readily available materials. The use of planar
surfaces for the perforated metal sheet, the backing surface behind the sheet and the
retaining wall in the gas chamber reduces fabrication costs of both the retaining
members and the conforming diaphragm. The flat backing surface behind the
perforated metal sheet s easily machined or milled to provide a desired fluld course that

is maintained in close contact with the sheet. The limited displacement and absence

of stress in the diaphragm, over the full operating range of the system, combined with



and inexpensively fabricated fromreadily available materials. The use of
pl anar surfaces for the perforated netal sheet, the backing surface behind
the sheet and the retaining wall in the gas chanber. reduces fabrication
costs of both the retaining nenbers and the conform ng di The fl at
backi ng suM Q8B ng t he perforated nmetal sheet is eash’?g}%{&@g‘ﬁ%ﬁed or
mlled to provide a desired fluid course that is maintained in close
contact with the sheet. The limted displacenent and absence of stress in,
t he di aphragm over the full operatr®g range of the system combined with
WO 03/ 010463 PCT/ US02/ 23524 -6- the system design, enables |ong-lived,

ef f i ci twotsysiem design, enablesiongdivegyeffinientoperation even atgrsiiessurgchargesiesi gn
operating pressure of the working fluid. The design of the pressure danper
of t heamsreaeihgithe designropratingprassure ofithemiodking Buidof a rel atively snal |
assenbly that can be easily associated with control elenents in pressure

regul ating fys dydkan Bhggﬂp}ggétﬁd @Rnpét onaheprésdrt Averitiodl 4ls@lgermitse of the

pressure danpi ng -asse the present invention enhances its

suitabj Lity. for.use, in § ik . r
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Pil ot operated pressure relief valves are set to open and cl osed

aut one@lements inaressire regylating SYsteMa-n operating pressure level s by

relieving excess systempressure. The "set ﬁr essure" of the relief valve

i s typical | The émpeavesboperafing efficieney Bad amalhsizafi thanPrassWaAanePigr ki ng

pressure of the piping and equi pnment associated with the relief valve. In

many CcaseERilsly of theypressht inserstioreenthemeeb dts Saltatility for usedmpiessare sensitivei cal
control systems and other pressure sensitive devices, such as pilot operated pressure
relief valves. Pilot operated pressure relief valves are set to open and closed
automatically as required to maintain operating pressure levels by relieving excess
system pressure. The "set pressure" of the relief valve is typically set at some
percentage bslow the maximum allowable working pressure of the piping and
equipment associated with the relief valve.

i In many commercial systems, such as may be found for example at a chemical
plant, it is desirable to operate a "process” at as high a pressure as possible, within safe
operating levels of fhe piping and associated equipment. Operating at higher pressures
permits higher efficiencies and better yields from the process. A pilot operated pressure
relief valve protects the piping and attéched equipment by relieving excess pressure in
the system once the "set point" of the pilot has been exceeded. Without damping, the
peaks of the pressure pulsations in the working fluid are typically high enough to
activate the pilot and pressure relief valve and/or cause excessive wear in the pilot. To

keep from activating the relief valve and reducing the life of the pilot, the plants must

reduce the pressure of the process, thus reducing efficiency and yield. Ad_ding a



plant, it is desirable to operate a "process" at as high a pressure as
possible, within safe operating |evels of the piping and associ at ed

equi pnent. Operating at higher pressures pernmts higher efficiencies and
better yields fromthe process. A pilot operated pressure i al ve
protects t EOBYMOY and attached equi pment by relieving efgé@%o’z%%g"sure In
the systemonce the "set point" of the pilot has been exceeded. Wt hout
danpi ng, the peaks of. the pressure pulsations in the working fluid are
typically high enough to activate thg'pilot and pressure relief valveée
and/ or cause excessive wear in the pilot. To keep fr n1activating t he
rel i ef puiattion daonpeeafithenpreseat inveatiqyy alloys {he mQQG'{éHMO%I"QrRFESﬂﬁ§4° Peduce
the pressure of the process, thus reducing efficiency and yield. Adding a
WO 03/ feléeth 8loBei td/3ha /se8 prdssute of the aeliefrvalienp @ he giulsation aspertofitheent i on
al l ows the process working pressure to be raised closer to the set

pr eSSUPF‘es%Bt if\ritiehi 8Enisgby @ hide dédreaiof cdarping esfficiéntyhat gascelearge

i nvent Fon achi eves a hi gh degree of danping efficiency at gas charge
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In wi der pressure ranges of the working fluid. Ip view of the foregoing,
it wi | simutanppuslyiexpesed tathe avorking dwida nkhegpjleation slampgss aiﬁ%’%‘ﬁ?d N‘Fﬁent i on
is to provide an efficient pulsation danper having relatively small

di mens diffesentyzisadharges toanpmneffactivelyfdamperapddations: mideri Iressive rangisise
materials. An inportant object of the present invention is to provide a

smal | - Bpfiefforking fluid.

In view of the foregoing, it will be appreciated that an important object of the

present invention is to provide an efficlent pulsation damper having relatively small
dimensions, which Is inexpensively fabricated from readily available materials. |

An important object of the present Invention is to provide a small-bodled
pulsation damper for damping pressure pulses in a working fiuid wherein the pulsation
damper exhibits an increasing démping ratio as the gas charge pressure in the damper
approaches the pressure of the fiuid being damped.

An object of the present invention is to provide an assembly to dampen the
pulsations in a monitored fluid in which the damping ratio of the assembly increases

linearly as the gas chargé in the damper approaches the pressure of the monitored

fluid.

i

A related object of the present invention is to provide an apparatus for damping
pressure pulsations in a monitored fluid wherein the damping ratio of the apparatus

increases linearly over a range of gas charges that extends beyond a gas charge of 90

percent of the monitored fluid pressure.



pul sati on danper for danping pressure pulses in a working fluid wherein the
pul sati on danper exhibits an increasing danping ratio as the gas charge
pressure in the danper approaches the pressure of the fluid bei ng danped.
An obj ect esent invention is to provide an asse gagpen the
puIsationsQ$%bgﬁwgﬁitored fluid in which the danping ratrgbﬁgkt,e assenbl y
i ncreases linearly as the gas charge in the danper approaches the pressure
of the nmonitored fluid. A related ohject of the present inventionis to-,
provi de an apparatus for danping préssure pulsations in a nonitored fluid

wherei n the danpi ratio t he appar at us, ,incr SN [ a range
of gas char \6@@”{9@8" @Qﬁﬁﬁﬁfgt‘% m? &"@5@0"& H&Pd’@@ag gémﬂg?@#ng‘\#g{yhe
monitored fluid pressure. WO 03/010463 PCT/ US02/ 23524 -8éf&§iet angt her

obj ect fabricated, slamping appasausdhat mayoberuseddle 8 pressyre $ w@ngya?@my
fabricated, danpi ng apparatus that may be used in a pressure sensitive

syst enwhetsbyadheratien of therpreésurbsensitivs systesida optimizedsyst em i s opti'ni zed. A
specific object of the present invention is to provide a snall,

| nexpensi VeAys(?efcﬁf&rétgééte&tthﬁrEQérﬁWﬁvéiﬂiHﬁiiélﬂo ?Rﬂﬁd@h%élhﬁe@hsh@l sed

with a pilot Operated pressure relief valve to permt inproved efficiency
vai ve. Taeedteg, R OERPIR PraREE R SRSl Gpatarafesel® '
appr ocralebaeby T perandaevachefdency caith e Slithsro8sE. Frelt PaIng ant
claim brotecfed by the pressure relief valve, ' '
The foregoing objetts, features and advantages of the present invention, as well
as others, will be better understood and more fully appreciated by reference to the
following drawings, specification, and claims.
Brief Description of the Drawings
Figure 1 is a vertical sectional view of a pulsation damper of the present
invention;
Figur,e 2 is a sectional view taken along the line 2-2 of Figure 1,
Figuré 3 is an enlarged cross sectional view of a small area of Figure 1 ‘
illustrating details in the construction of the damping of the present invention,
Figure 4 is an elevation view, partially in secti'on, illustrating a modified form of
the phlsa'tion damper of the present invention;
Figure 5 is a perspective view of a pilot operatec! pressure valve equipped with
the pulsation damper of the present invéntion; and o
Figure 6 is a graphical representation comparing the operating efficiency of a

pulsation damper of the present invention with a prior art pulsation damper.

Description of the Preferred Embodiments



Brief Description of the Drawings Figure 1 is a vertical sectional view of
a pul sation danper of the present invention; Figure 2 is a sectional view
taken along the line 2-2 of Figure 1; Figure 3 is an enlarged cross
sectional smal | area of Figure 1 illustrating L the
constructi%&%’apﬁg danpi ng of the present invention; Fi ggge%g6ﬁzs?b%n

el evation view, partially in section, illustrating a nodified formof the
pul sation danper of the present invention; Figure 5 is a perspective view
of a pilot operated pressure val ve e@.n pped wi t'h the pul sati on danper of

the present invention; and Figure 6 is a graphical representation conparing

t he oper at i dgplsatian daropening assembly of th@rprgsmténve@ﬁon iindicatashgenaralint i on

with a prior art pul sation danper. Description of the Preferred

Enbodi gm0 dn Fguesi 0TA4 Garieg fluibebe darbed®nteks tha asdenmibly ttropghiandnlassenbl y -
of the present. invention is indicated generally at 10 |n Figure 1. The

wor ki ngyqf ‘ﬁ]gn& %ﬁ@?tkﬁ@u{ﬁ}fgq Sgt’(i)cfl tp%rtt‘ﬁ‘?_l_'ﬂ%gﬁtS@ HrethFrﬁ?E% é?yllrﬂirﬁ:’al sigeft 15

and eX|ts rough an o _ ports are fornmed 1 n a cylindrical
50 angORid 2P a1 20F Bprap b PR Siatia SheeRleR tackplobi B arif 7R o
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body having a flat recessed axial end surface 22. An annul ar groove 23
formed I n tWhes hashillustrated byjeintreference tmbigures iz and dahpoouplingZ0 lsan 17 to
permt fluid communication between the Inlet port 15 and the outl et port
17. axially extending cylindrical body having a flat recessed axial end surface 22. An
annular groove 23 formed In the planar end surface 22 connects with the ports 15 and
17 to permit fluid communication between the inlet port 15 and the outlet port 17.
A circular metal disk 25 having multiple perforations 27 is mounted on an annular
ridge 29 formed around the flat recessed space 22 of the steel coupling 20. The
mounting of the disk 25 on the ridge 29 produces an axially and radially extending
space 30 between the disk 25 and the recessed surface 22 through which the working
- fluid flows during operation of the pulsation damper. As will be further explained, fluid
‘ inthe space 30 is forced to flow back and forth through the perforations 27‘ between the
space 30 and a second axially and radially extending space 31 formed on the opposite
side of the disk 25. | |
A flexible flat-bottomed diaphragm 33 is positioned with its flat bottom 34
engageable with the metal disk 25. The diap_hrggm 33 has a reduced thickness,
annular wall section 36 that extends between thé rélative|y thi.ck ﬁat bottom 34 ahd an
enlarged annular mounting lip 37 at the mouth of the'diaphragm. The reduced

thickness, annular wall section 36 is supported against an annular steel ring 40

positioned on the rim 29 of the coupling 20. An annular, elastomeric 0-ring seal 41



A circular netal disk 25 having nultiple perforations 27 is nounted on an
annular ridge 29 fornmed around the flat recessed space 22 of the steel
coupling 20. The nmounting of the disk 25 on the ridge 29 produces an

axially anﬂ,(ég:géﬁyéy extending space 30 between the disk P%gaﬁa%;"’g‘geration

recessed s t hrough which the working fluid flows

of the pulsation danper. As will be further explained, fluid .in the space
30 is forced to flow back and forth through the perforations 27 between the
space 30 and a second axially and ratlally extending space 31 formed on the
opposite side of the disk 25. A flexible flat-bottoned di aphragm 33 is

posi t i positionéd hetweentthating 40 aod-timiridga22 malnialas aipressureseal batwennsthe2s. The
di aphragm 33 has a reduced thickness, annular wall section 36 that extends
bet weefwd B6mpehaatsyel y thick flat bottom 34 and an enlarged annul ar
mounting lip 37 at the nmouth of the diaphragm The reduced thickness,

I | @ ' j b herl b 0
posi t1 oned Anti,df HIB>45 3of FRRSHG el ivafRbragthy et P TFE P i i ng
| 41 WO 03/010463 PCT/ USQ2/ 23524, ifi b ' Q.and th
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surface for the diaphragm 33 to nove al ong as the di aphragm pushes the

per f or itte dhelankulabgraove@d indhacoupling 20,deeping3he diaphragmfpom extradingkeepi ng
the di aphragmfromextruding into the perforations or being cut on the

022 o bRt atos orbeing cn Swbos depermngs 1 L ety
threaded, syRglooliFfidy 20 R%ebbiled whhinSarPRidrhaR Wrbddad cylindrical opening 47

in a steel main body 50. An externally threaded, steel retaining ring 51 is positioned in

the cylindrical opening 47 to retain the coupling 20 In firm engagement with the main

body 50. Wrench recesses 52 are provided at an end of the ring 51 for engagement

with a torque wrench (not illustrated) that may be used to rotate the ring 51 to maké up

the thread's between the ring and the body 50 to firmly seat the coupling 20 in the

recess 47 of the body 50. A radial opening 53 extends through the sidewall of the body

50 into the recess 47 and acts a "weep hole" for easy, visible iriadication of a diaphragm

or O-ring failure.

The cylindrical body 50 is provided with a ﬂat retaining wall 55 that extends
laterally from the central axis of the body 50. The wall 55 cooperates with the flexible
diaphragm 33 to form a retention surfac_,e to enclose a gas pressure chamber 56. A gas
pressure charge Is supplied to the gés chamber 56 vié agas chambér charging valve
60. Dry nitrogen, or other suitable gas, may be used to charge the chamber 56. The

valve 60 operates conventionally to permit the one-way application of a high-pressure

charging gas into the confined area of the pressure chamber 86. A round top poppet



the cylindrical opening 47 to retain the coupling 20 In firm engagenent
with the main body 50. Wench recesses 52 are provided at an end of the
ring 51 for engagenent wth a torque wench (not illustrated) that nay be

used to r he ring 51 to make up the threads betwe | and the
body 50 tg'b@ito&?rfo‘)‘/&seat the coupling 20 in the recess 47%41{]%)&;23%& 50. A

radi al opening 53 extends through the sidewall of the body 50 into the
recess 47 and acts a "weep hole" for easy, visible indication of a :
di aphragm or O-ring failure. The eyfli-ndrical body 50 Is provided with a
flat retaining wall 55 that extends laterally fromthe central axis of the
body 8.covams thalehtryporiaxiending thraiiginthereteining wall 65 infothe chgmbass6to f or m a
retention surface to enclose a gas pressure chanber 56. A gas pressure

char g@rdvignt dkiplacdimémt bhtheda@Rph @4 Mo Merport asert iaTbesssofsbgitig val ve
60. Dry nitrogen, or other suitable gas, may be used to charge the chanber

56. Tﬁfogq%tié?édfﬁuiﬁ%o%@%?é > GABNBB 8Gahdvtnb PetBRidE ali B8, W6 I6Ys 6pR! 1 cati on

of a pressure arging gas-in e con he pressure
chanber ,56. A r d.t 0 t, 03/ 040463 .RCT/ US02/ 23524 -1 covers
the ot 1P brset Bttt e BoRRS U RRGRWPIR B Arige s R g s e rnber 56
to prevent displacenent of the di aphragm 34 intg he port when_t he

pr ess peEPehaatdo atlow thergas ehasge te Bowiipta the yaivey QMpégwag@bﬁéﬁ t he
retaining wall 55. Bent legs 61 a of the poppet 61 hold the poppet in

pl ace whi | #hpdetaikdramingefFigure&itiustiatesihetaxially ehd ragielypextending spacail | ow t he
gas charge.to flow fromthe valve 60 Into the chanber 56. The detail

dr awi B9 {9fmdd Betubeh thb!flst boRéMD2 A the Ferforated digikeas. abliinguperatlonof space
30 forned between the flat bottom 22 and the perforated disk 25. During

ol 2%{@“@@?’{]&@@@?%%@%%?'59 inldt 5% feVitiet 1 P81 thBAskBnBly along © the
a course indicated by the arrow A. In following the course between the inlet and outiet,
the fluid is forced to flow through the perforations 27 in the disk 25 between the axial
spaces 30 and 31. The back and forth flow of the fiuid through the perforations 27 and
the compression of the diaphragm 33 damps the pressure pulsations in the fluid.

.In the operation of the damping apparatus of the present invention, the vaﬁoué
backing and support surfaces afforded on either side of the diaphragm 33 are eﬁéctive
in protecting the diaphragm from damage regard}ess of the direction or the size of the
pressure differential acting across the diaphragm. When the damping assembly-10 is
Initially provided with a gas charge through the charging valve 60, the absence of
pressure in the spaces 30 and 31 allows the diaphragm 33tobe expanded fully against
the annular ring 40, Teﬂ_on@ ring 45 and the perforated disk 25. The annular disk 25
may be pushed againsf fhe backing surféce 22 when thé pressure in the cHarﬁber 56
is sufficiently high. Full distension of the diaphragm may also occur during operation

at any time the pressure in the chamber 56 Is sufficlently greater than that of the fluid

being damped.



a course indicated by the arrow A. In follow ng the course between the
inlet and outlet, the fluid Is forced to flow through the perforations 27
in the disk 25 between the axial spaces 30 and 31. The back and forth flow

of the fl h the perforations 27 and the conpresg, e

di aphragm %gg E@ﬁ%@pthe pressure pulsations In the fluid. f?ﬂﬁﬁghg%gration
of the danpi ng apparatus of the present invention, the various backing and
support, surfaces -af forded on either side of ‘the di aphragm 33 are effective
in protecting the di aphragm from dante regardl ess of the direction or the
size of the pressure differential acting across the diaphragm Wen the
danpi ng as Sdvebdasign of the assemblyl10yprevenisdizinage fo the pesfocdted disktduringgh t he
chargi ng val ve 60, the absence of pressure in the spaces 30 and 31 al |l ows

t he ditppdy ﬁ&iﬂ&%ﬁeaaheelgwﬂﬁm@smé ibd tﬁ’éigésﬂéﬁamﬁé\fﬁea%l!ﬁl%na ItAg sﬂr@m

Teflon(r) ring 45 and the perforated di sk 25. The annul ar di sk may be

P o pRH ety e 18 BicRAa B e 27 and B dlsR PN el ‘%P%‘ﬁ@@?ﬁer >
STt heahvites ik helw M ioldiia HgsSorine Hisk mdtgta %@‘éﬁ%&s Pedddromossa

PCT/ US02/ 23524 -12- The design of the assenbly prevents damage to the
per f orheingl permanaally dgfarmaskwbeni ibds nslshfa@a&amséﬂpe Haghingraustageedhen t he
gas chanmber 56. To this end, the small. spacing between the backing

sur f acnfaraing 48 erovidés additionat backirng support abaves theonndiar gmevéd @8dobed di sk
bel ow the yielding stress of the disk material and prevents the disk from

bei ng revemNAB! mutetil F TRE dibaSHr g 33 fomhesing Wit o7 textidgedaRicubE thy' f ace.
The annular ring 45 provides additional backing support above 't he annul ar

gr oov vent the material of the diaphragm 33 from being cut or
extru egf%tr%t&&? 7et he

When the pressure of the working fluid sufficiently exceeds the pressure in the
gas chamber 56, which may occur during abnormal working pressures or because of
a loss of pressure in the chamber 56, the diaphragm 33 is forced against the retaining
wall 85. The retaining wall 55 limits the axial movement and distension of the
diaphragm 33 to protect it from damage. During such periods of high working fluid
pressures acting on the diaphragm, the roundheaded boppet 61 prevents the material
of the diaphragm from extruding into the charging port. |

Under normal operating conditions, the gas chamber 56 is charged to a pressure
that is determined by the operating pressure of the working fiuid to be damped. An
initial gas chamber charge may.be 60to 90 pefcent, or more, of the expected operating

_ pressure of the fluid to be damped. During normal operation, when exposed to the
system fluids, tﬁe diaphragm 33 is displaced awa.y from the perforated disk 25 into the
area between the backing surface 22 and the retaining wall 55 such that the average

gas charge pressure and the average pressure of the fluid being damped are

substantially equal.



perforations 27. Wien the pressure of the working fluid sufficiently
exceeds the pressure in the gas chanber 56, which may occur during
abnornmal working pressures or because of a |oss of pressure in the chanber

56, the di%ﬁg@#B is forced against the retaining wal &,C.g/gsgzyég‘“

r et ai ni ng imts the axial novenent and di stension

di aphragm 33 to protect it from damage. During such periods of high working
, fluid pressures acting on the diaphragm the roundheaded poppet 61

" prevents the material of the diaphr&dm fromextruding into the charging
port. Under normal operating conditions, the gas chanber 56 is charged to a
pressure tReassues pdsationmefdheworking Suidreause thediaphragm tormovedaakratichg f 1 ui d
to be danped. An initial gas chanber charge nay be 60 to 90 percent, or

mor e, foith idhewpex betvemethatretidning wallsss endthe perfdratédidisio 26 ealtbangtety. Duri ng
-normal operation, when exposed to the systemfluids, the diaphragm33 is

backi e B g g o B e B Rd e
chr eyl SRS 1A RSN o B RS el BEALIptots DY AOSIRE SRS,
ar ca CASABEHNY Hie FRRTgh o RHIPRLOES A Hie MAERG TN D8 SEBORLI0 2BTORRISR nat el y
conpressi ng and deconpressing the gas charge in the chanber 56. This action
f or cesof perforations by the cordbinedraction bfithe antulargroova 23 andithe lesgesurfageat i ons
27 in the disk 25, dissipating the energy of the pul sations. The working
fluid hreaefornegth the spacy IEbetaen the perforated disk and the backing surface 22.

The system design permits fluid damping with the diaphragm 33 having to move only

the length of the axial height of its annular wall section 36. The diaphragm 33 may-not

travel axially beyond Its point of mounting with the main body, thus preventing reverse

flexing of the diaphragm. |

Figure 6 of the drawings is a graphical representation of the operating efficiency

of the pulsation damper of the present invention and a prior art pulsation damper

Jillustrating the relationship between darﬁping ratio anq the gas charge in the gas

chamber és a percentage of the preésure of the working \ﬂu=id. The curves of Figure 6

were developed using a triplex pump operating at a speed of 150 revolutions per minute

and a working or "line pressure" of 1000 pounds per square inch (psi). The damping

ratio, depicted on the vertical axls, is the ratio of the pulsation amplitude in the working

fluid before and after damping. The horizontal axis depicts the pressure charge in the

ga§ chamber as é percentage of the working line pressure.

The curve 70 in Figure 6 was obtained using a damping assembly 10 of the

present invention in which all the metal components were constructed of 316 stainless

steel. The perforated disk 25 has a thickness of 0.015 in. and the perforations have a



of perforations by the conbined action of the annular groove 23 and the
| arge surface area fornmed in the space 30 between the perforated di sk and
t he backi ng surface 22. The system design permts fluid danping with the

di aphragm 33 having to nove only the length of the axial | its
annul ar MMO%@M&. 36. The di aphragm 33 may-not travel P&i@ﬁlﬁ?g%eyond

Its point of mounting with the main body, thus preventing reverse flexing
of the diaphragm Figure 6 of the drawings is a graphical representation of
the operating efficiency of the pul$ation danper of the present invention
and a prior art pulsation danper .illustrating the relationship between

danpi ndlidniétePof0O3BA. The didisragm 38 amt0ging 4 oherdeonstactedusfi\iton@ge of the
pressure of the working fluid. The curves of Figure 6 were devel oped using

a triphesinfl rBB%%hirHQtefiEIé?T Ii%@@?gg{tjgﬁ% 6f‘fHé’Hu}bE1géb‘-}n @%rvzég OWWTirP].gnd a

wor ki ng - or I'ne pressure S per sq i nch (psi).

danping, rati | ct.ed th ertical ' I Spil el O .

pul Sat Tk ap e Hidkahvasna etk e fickiesdiof Sfp. el EE v gbtid T
hori zontal axis depicts the pressure charge in the gas chanbér as a

per cengabisknassafd. W9 i Ry nitrgepad pEassuresTaRGIRG Poweed 300 nsi god 808 peks

obt ai ned using a danpi ng assenbly 10 of the present invention in which all

t he netwals empipyed to shargedhe chambec 66d Toe cdislde dismetenssf the treain botly S0
perforated di sk 25 has a thickness of 0.015 in. and the perforations, have

a VO 03/2819)26 In.ReAH theaxidRBRdth-df4he dissermbly| aoindasist tentrdllycaciosptheagm 33

and O-ring 41 were constructed of Viton(r), a flexible fluorocarbon

oL | gy R SRS 8, e A e 8 ¢ 10
:né hgggl%\nagi ?308{' 5%'. ?nlc?uciiiﬂg 'tﬁ)er %hgrigﬁnrgo\gﬁ\r)e %b, 8155545.9' in.>Thé %gétgﬂlp%eﬁmgaec[bnzoo ps.i
damping assembly operating with the design, materials of construction and dimensions
given for the assembly 10 weighs 6 Ibs. and is rated at a maximum operating pressure

of 5000 psi and a maximum temperature of 400 degrees Fahrenheit.

The curQe 71 in Figure 6 was obtained using a prior art "tubular" pulsation
absorber (suppressor) device manufactured by Wilkes-MclLean, Ltd. The Wilkes-
MclLean suppressor. emplbying a deslign such as described in detail in U.S. Patent No.
4,759,387, was operated with adry nitrogén gas charge pressure ranging between 200
psi and a 900 psi. The prior art suppressor had a tubular diameter of 2.5 inches, a
tubular length of 6.875 inches and a combined tubular diameter and charge valve
height of 4.25 in. The device welghed approximately 6.5 Ibs. -

An important feature of the damping assem_bl;t 10 is that the damping ratio of the
aséembly continues fo increase linearly as the gas charge in the gas chamber 56
approaches the operating pressure of the line containing the working fluid. This feature

is readily apparent from the straight-line curve 70 in Figure 6. As may be seen by

reference to the curve 71, a conventional prior art dampening assembly exhibits a



was enpl oyed to charge the chanber 56. The outside dianmeter of the main
body 50 was 3.25 In. and the axial length of the assenbly, as neasured
centrally across the main body 50 and coupling 20, was 2.7 In. The total
dimension laterally across the main body 50, including the _charging valve
60, was 4.9”9HW“Wﬂ% prototype pul sation danping asseanyPSB@FﬂV%ﬁagmdth
the design, materials of construction and di nensions given for the
‘assenbly 10 weighs 6 Ibs. and |Is rated at a maxi mum operating pressure of
5000 psi and a maxi num t enper at ure efi5400 degrees Fahrenheit. The curve 71
Iin Figure 6 was obtained using a prior art "tubular" pulsation absorber

( suppr des@asintpdampinganatid at the epparoperatingsrangesas the assembly gasigh@sge McLean
suppressor. enpi bying a design such as described in detail in US,

Pat ent aHEroacﬁe%%t%? the INfepregstirel Kdesirad) te duryiperiassembly tsf theprapenpr essur e
rangi ng between 200 psi and a 900 psi. The prior art suppressor had a

t ubul a i t f ' . | i . ' d a
combi nimgpggﬁlrﬁ%y gﬁeaﬁ%?sde;&gﬁﬁﬁc%%? _gs;%%%tll lsées trﬁgl%gﬂd)ﬂo?ig4®§ge¢ thl'ﬁ]eﬂ%evi ce
10 s Pivakine et artagci aprbing e Rate SRt RIS M Igtpof i Bl osem™Y
linearly as the ?as charge in the gas chanber 56 ﬂa roaches the operating
pr essu@asystera mould have use.fonexampladn #emaingPressyrg. aliong i} A PEBSSUES [ eadi | y
apparent fromthe straight-line curve 70 In Figure 6. As may be seen by

referegaagéo the curve 71, a conventional prior art danpening assenbly
exhibits a WO 03/010463 PCT/ US02/ 23524 -15- decreasing danping ratio in the

Lpper obet Sl 333 Ke SRRy lns prabrggarymprigones phwere! (e
invention installed in the pilot operating system of a pilot operated, pressure relief valve
indicated generally at 100. A pressurized working fluid in a regulated or monitored
system 101 is provided to an inlet 102 of the valve 100. Excess pressure in the system _
101 Is vented through the valve 100 to an outlet 105.

The damper assembly 10 is secured to the valve 100 with an accessory bracket
107. The damper assembly 10 is plumbed between pilot sense line sections 109a and
109b so that -:pressure at the inlet 102 of the valve 100 communicates througﬁ-the
damper assembly 10 to the éehsing input of a pilot control 111. A discharge pressure
line 112 discharges fluid flowing through the pilot control 111 into the outlet 105. A pilot
control line 115 extends from the pilot 111 to the relief control 100 to regulate the

opening and closing of the valve 100. When opened under the direction of the pilot -

control 111, the valve 100 permits ﬂpid from the system 101 to flow thropgh the valve
100 and but through the outlet 105.

A Pressure verses Time .chart 120 in Figure 5 illustrates pressure fluctuations in
the working fluid contained within the system 101. A similar chart 125 in Figure 5

illustrates the damped fluctuations in the system working fluid after the pylsation



I nvention may be used to danp pressure pulses in a static fluid system by
sinply blocking the outlet port and applying the static working fluid to
the inlet port 15. Such a system would have use, for exanple, in danping
pressure fluctuations in a pressure gauge. Figure 5 of t 1.00S
iIIustratega?%%"%Wgssure danper 10 of the present inventPgﬁﬁ%ﬁg%ggled I n
the pilot operating systemof a pilot operated, pressure relief valve
~indicated generally at 100. A pressurized working fluid in a regulated or
nmonitored system 101 is provided te18mr inlet 102 of the valve 100. Excess
pressure in the system 101 is vented through the valve 100 to an

out | et daoperTiRchatyprocessactheflujd.1Asimaybe noted hyocarhparing the différence in an
accessory bracket 107. The danper assenbly 10 is plunbed between pil ot

sense lhaamplitidesds tHdPresaneb puldstiordnthathartcs20/a6d 425, the puldatibnd §2 of ,
the val ve 100 communi cates through the danper assenbly 10 to the sensing

nbut - go préled AGRNKY ﬂ?eé%fi?ﬁi%gfuﬁé S HEPDEST SUBstahtidlfy dotiticBl S oY 0

fluid oW ng throug control Into e ou pi | ot

L Lin f he pil th | i ef ol 100
o ot PG PG Bl e b e PR T Y |
direction of bhe pilot, control %1, the valve 100 permts fluid fromthe
syst ensy¥em 401 tg\he rrisagdirleses todhecopaming o5 sebpointinfdhgrpilotopsrated: 105. A

Pressure verses Time chart 120 in Figure 5 illustrates pressure
f 1 uct uprassase relief valgeid0ki ng fluid contained within the system 101. A
simlar chart 125 in Figure 5 illustrates the danped.fluctuations in the

Lo 1 (Ao bssen e s ISR a1

di T er 99G e Eiure 4 of the drawings. The system 210 permits the range of high damping of
the working fluid to be efficiently extended over wider pressure ratios. The pulsation
damper 210 includes two symmetrically arranged pulsation damper sections 211 and
212, each similar in operation to the pulsation damper 10. The sections 211 and 212 |
are combined to effectively Increase the damping effect of pulsafions in a working fluid
flowing through the damper. An important feature of the system 210 is that each of its
dual gas charge _chambers.may be charged to different gas chérge pressures to
accommodate énd more efficiently dampen pressure pulsations over larger pressure
ranges of fluids as compared with the system 10.

The pulsation dampener section 211, which is identical in construction to its

symmetrical section 212, is identified with reference characters that are higher by 200
than corresponding components in the pulsation damper 1Q. Because of the similarity
in construction and operat‘ion of the two damper sections 211 and 212, only the section
211 will be described in detail. It will be understood that components of the damper

section 212 operate in a manner symmetrically consistent with their corresponding

components In the damper section 211.



the anplitudes of the pressure pulsations in the charts 120 and- 125, the
pul sations In the pressure fluid In the sensing |ine 109b have been
substantially reduced. The reduction in the pulsation anplitudes permts

t he operat] ressure of the fluid in the system 101 to ' cl oser
to the ope%ﬁ}?’boréiet poi nt of the pilot operated, pressfl&gu#@z?sé? val ve
100. A nodified pul sation danper. of the present invention is indicated
general |y at 210 in Figure 4 of the drawi ngs. The system 210 pernits the
range of high danping of the worki-i@ §luid to be efficiently extended over
wi der pressure ratios. The pul sation danper 210 Includes two symetrically

arranged puiVesking fluldctorber damped by theodyistem@002rersearcinietiport 245 formeger at i on
to the pul sation danper 10. The sections 211 and 212 are conbined to

ef f ect jnvdileVerld G eLmam By mwagv&khgqmwﬂovwﬂhmgmné dafperiep2b0 Badf | ui d
flowi ng through the danper. An inportant feature of the system 210 is that

each Oéxi{sttﬁgou%rt\ ditfet Pttt 967 FPRABRGH the SBYodiR. sidE ?ﬁ% thln%JJﬁ'ﬁ?tAgas

charge pres onmodat e and nore efticien anpen - pressure

pul sati,ons over er, . pressure .ranges, of i ag_conpat ed. w t he
Byst enttotconring 220 el i esaipiioe hE Bk bcw430 Wik pfedi SR RAINEASY,
construction to its symetrical section 212, is identified with reference
char acfosms a igas ehargai ¢fiambesy256z0in theadaaper septionii2ld. c Anpynmetrically ¢ he

pul sati on danper 10. Because of the simlarity in construction and .
oper at ¢erregpontiing dasochimntps2566ds formed 2 theadjolding) pulsation dempersection 211
Wl be described in detail. It will be understood that conponents of the
danpergqgection 212 operate in a manner symmetrically consistent with their
correspondi ng conponents In the danper section 211. WO 03/010463

PCT/ US02/ 23844 is ét?p'plied to the chamber 256a through a gas charge valve 260. A spring
ioaded poppet 261 covers the access opening from the charging valve to the chamber
256. The poppet 261 cooperates with a flat retaining wall 255 to limit displacement of
a diaphragm 233. The diaphragm 233 isolates the gas chamber 256a from a space
231 that communicates with the working fluid. A perforated disk 225 in the space 231
communicates with an annular groove 223 machined into a flat backing surface 222

formed on the main body 250. The backing surfaée 222 limits displacement of the
.‘diaphragm 233 when the gas charge greatly exceeds the pressure of the fluid at the
inlet 215. As with the assembly 10, compression of the gas charged chamber 256a by
the working fluid in the assembly 210 causes fluid entering the port 215 to flow back
and forth through perforations in the perforated disk 225 to dampen pressure pulsations
in the ﬂ_uld|.

In operation, the chambers 256a and 256b are each charged to a different
pressure. The chamber charge with the lower pressure dampens pulsations of lower
average pressure efficiently whereas the damper with a higher charge dampens the

pulsations of higher average pressure more efficiently. The dual chamber Qesi__gn also



Wrking fluid to be danped by the system 200 enters an Inlet port 215
formed in one end of a nmain body 250. The working fluid flows through the
danpener 200 and exits through an outlet port 217 forned in the opposite
side of the main body 250. A steel coupling 220, held in_position on the
mai n body YSPXH43 2 steel retaining ring 251, forns a gBSTERRRI*4chamber
256a in the danper section 211. A symmetrically corresponding gas chanber
256b is forned i'n the adjoining pul sation danper section 212. Gas is
supplied to the chanber 256a through 48 gas charge valve 260. A spring
| oaded poppet 261 covers the access opening fromthe charging valve to the

chanberprovidés aTbmrkiﬂ?ﬂﬁcka@ﬁ thgtooeitiiues pulédtion darmpingedwinifthevdf the255 to
limt displacenment o a di aphragm 233. The di aphragm 233 isol ates the gas

oo AT SR BT b e O S RGP 0,
223 i i i 222 i 250.
223 T o b 5L B R TP PR 7,

gas charge reatlz exceeds the pressure of the fluid at the inlet 215. As
with tIR8 %Fgg‘@dﬁﬁsi d pisterrrpindet forre Abserhingydevieaspreifet aguivalentdmyicasy  t he
morking fluid in the assenbly 210 causes fluid entering the port 215 to

f1 ow babat abaob the enenglyraf dhyh pressare pulsationsi n t he - perforated di sk 225 to
danpen pressure pulsations in the fluid. In operation, the chanbers 256a
and 256b ar Vkiks preférred echbodimensts fof teepilsativnedemer of The pridantipventivar ge with

the | ower pressure danpens pul sations of |ower average pressure .
of T ot Vb ibeipagaiteRtn AUTaE hehbih it il b/ orélafd nde GER SortaCor fiYl sat | ons
of hi'gher average pressure nore efficlently. e dual chanber "design al so

Vo 03/ %Pe%gn '?nCaTJ l%JeS %%/dze%?l&%ut departing from the spirit and scope of the invention, as

set forth in the following claims.



-18- provides a working back up that continues pul sation danping even if
one of the chanbers should fail. It will be appreciated that the pul sation
danpi ng effect provided by the charged chanbers 256a and 256b can be

provi ded bgﬂs&givalent devi ces such as spring |oaded piston-cxlinder force
absor bi ng W8463r ot her equival ent devices that absor BCTHEZR8Hgy of
the pressure pul sations. Wiile preferred enbodi nents of the pul sation
danper of the present invention have been described in detail herein, it
wi |l be appreciated that other. forrggaf the 'invention may be nade wi t hout
departing fromthe spirit and scope of the invention, as set forth In the
f ol | owiwiBacCisaCkimed@Ps03/ 010463 PCT/ US02/ 23524 -19 What Is Clainmed Is: 1. An
apparatus for danping pressure pulsations in a working fluid, conprising:

a housing, 4,1 1 9 cRBARALs 1 fr WrfpifG|eRsrbObuls s i\ Audthyi ida | ui d to

be danped, 'a secon r in said housing for receiving a pressurized
char gi ng fluid, a flexible diaphragm di sposed between said first and second
chambeP8MAING or i ng a pressure separation between said first and second

chanbers, said diaphragm being novable within said first and second
chanbers in resp8f¥WsiNg, pressure differentials existing between said first
and second chanbers, a planar backing surface in said first chanber for
limting the novarfiestichamberin said housing for recsiving a working fluid to be damped,

a second chamber in said housing for receiving a pressurized charging
fluid,

a flexible diaphragm disposed between said first and second chambers
for forming a pressure separation between said first and second chambers, said
diaphragm being movable within said first and second chambers in response to
pressure differentials existing between said first and second chambers,

a planar backing surface in said first chamber for limiting the movement
of said flexible r:iiaphragm away from said second chamber, and

a perforated body disposed in said first chamber of said housing between
said backing su;face and said flexible diaphragm, said perforated body having multiple
perforations whereby sald working fluid flows through perforations in said body as said
diaphragm is moved within said first and second chambers.

2.. An apparatus as defined in Claim 1 wherein sald perforated body has a
planar surface for engagement with said _ﬂgxible_ diaphragm.

3. An apparatus as defined in Claim 2 wherein said pianar backing surféce
is spaced from said perforated body a distance that prevents said perforated body from
bending in a direction toward said planar backing surface an amount that is beyond a

yielding stress of materials of said perforated body.



of said flexible diaphragmaway from said second chanber, and a perforated
body disposed in said first chanber of said housing between said backing
surface and said flexible diaphragm said perforated body having nultiple
perforations whereby said working fluid flows through perfaqrati in said
body as saMP ¥8#Mragmis noved within said first and se&g'ﬁ@ﬁ%%ers. 2.
An apparatus as defined in Caiml wherein said perforated body has a

pl anar surface for engagenent with said flexible diaphragm 3. An apparatus
as defined i'n Caim2 wherein said plBrar backing surface is spaced from
said perforated body a distance that prevents said perforated body from
bendi ng i n &.di r éat apparatuscasddefimied ip/Claiay 3 dnekéin gakl firshclamberdnoludest hat i s
beyond a vyielding stress of nmaterials of said perforated body. WO

03/ 0104p3nREAhYaRYABERA restitctidely SOnAUTNAL BaitbwerkiriteAuid fiflo aRd CuBbfeald wher ei n

said first chanber includes an inlet and an outlet for respectively
conductﬁiré}q:hgmﬁvmrki ng fluid Into and out of said first chanber. 5. An
apparatus as defined in Claim4 further conprising fl ow passages recessed

in said planar backing surfac nd, exjendi etween said.inlet and said
outlet for Sommu "c%?'??fﬁy%??ﬁﬁ@"?q i ﬁf}%@t%‘é’ﬁ’esra?%"ﬁ"?ﬁ"& QW PESEAEeS Ut | et..
6. An apparatus as defined in Caim2 wherein said flexible diaphragmls
provi déecaased ia saichplangs dacking shage aad: extprding hajween said wlat@adesaid sai d
perforated body. 7. An apparatus as defined in Claiml further conprising
a secomuitlepforicammunitatingsworkingfido belweetnsaid injeard saideoublet.sat i ons I n sai d
wor king fluid, said second
6. An apparatus as defined in Claim 2 wherein said flexible diaphragm is
provided with a flat base for engagement with said planar surface of said perforated
body.
7. An apparatus as defined in Claim 1 further comprising a second apparatus
for simultaneously damping pressure pulsations in said working fluld, said second
apparatus having a pressurizable chamber for receiving a pressurized fluid at a
pressure different than the pressure of the fluid in said second chamber whereby
pulsations of higher average values in said working fluid may be damped over an
incréased range of damping ratios.
8. A pulsation damper for damping pressure pulsations in a working fluid,
comprising:
a first assembly for reacting to pressure pulsations in said working fluid,
a second assembly for slmultangously reacting with gald first assembly
to pressure pulsations in said working fluid,

a first preset force in said first assembly for resisting pressure pulsations

in said working fluid, and



apparatus having a pressurizable chanber for receiving a pressurized fluid
at a pressure different than the pressure of the fluid in said second
chanber whereby pul sations of higher average values in said working fluid
may be danped over an increased range of danping ratios. 8. A pulsation
danmper for Y¥AMPWE3pr essure pul sations in a working fl ui dFCTESH2 ng: a
first assenbly for reacting to pressure pulsations in said working fluid,
a second assenbly for sinultaneously reacting wi.th said first assenbly to
pressure pul sations in said working.pjuid, - a first preset force in said
first assenbly for resisting pressure pulsations in said working fluid,

and WO 03/ 010463 gPégdord0tedatféfce thlsaid seRoAN GsBEMBAL fd‘r%él%tih?‘ présdufesecond
assenbly for resisting pressure pulsations in said working fluid, said

pul sat Fyfeenn 8§ SEEARAGHAT Bl Ai30hirde) raFRORG arBleF Blar B3 Gecing

assenbl i es %o. rise first and second gas charged chanbers having first and
second pr@%%t B¥®r ge pressures, respectively, for providing said first and
second preset forces. 10. A pul sation danper as defined in Claim9 further

conpri si ng 9 r st Aapisatinncdarapen asdefineddn &daimag mheselpHeld firsg asdisecand ki ng
fluid fromsaid first and second gas charged chanbers, respectively, and
movabl eassembliep comprise it and secornlyastharged chambearschavimds firsy aht sedond1. A
pul sation danper as defined in Caim210 further conprising first and

gas charge pressures, respectively, for providing said first and second preset forces.

;lO. A pulsation damper as defined in Claim 9 further comprising first and
second flexible diaphragms separating said working fluid from said first and second .gas
charged chambers, respectively, and movable in response to pressure pulsations in
said working fluid.

11. A pulsation damper as defined in Claim 10 further comprising first and
second perforated disks disposed in said working fluid whereby said working fluid flows
through said perforated disks as said first and second diaphragms are moved.

12. A pulsation damper as defined in Claim 11 wherein said first and second
perforated disks are closely backed by first and second planar retaining surfaces
whereby said retaining services limit movement of said first and second disks,
respectively.

13. A pulsation damper as defined in Claim 12 wherein said first and second

: diaphragms have first and second flat bottoms, respectively, engageable with said first
and second perforated disks, respectively. |

14. A pulsation damper as defined in Claim 13 wherein said first and second

diaphragms have first and second annular walls, respectively, connecting said first and

second diaphragms to said first and second assemblies, respectively, and whergin said



second perforated di sks disposed in said working fluid whereby said working
fluid flows through said perforated disks as said first and second

di aphragns are noved. 12. A pulsation danper as defined in Caim 1l wherein
said first_and second perforated disks are closely backe]g 1% fi LS t and
second pl SWQO3PWEEH ni ng surfaces whereby said retaining £8 §°@Q§ X mit
novenent of said first and second disks, respectively. 13. A pulsation
danmper as defined in Caim12 wherein said first and second di aphragns
have first and second flat bottons,.g@spectively, engageable with said
first and second perforated disks, respectively. 14. A pul sation danper as

def i nefirst @ §eéar;u3 awharasalvvausacdnrﬁeotammméids firstnand djezphd alatshdttorms f i r st
and second annular walls, respectively, connecting said first and second

S;?B“L%‘*%f%’%&%‘ﬁﬁé#ﬂﬁ%ﬁ%ﬂ%@@%ﬁ%ﬁﬁ? ol e el s
id

first and s oniﬁaais%ﬁmﬁé@aaﬁﬁgﬁs@@%rtﬁé"bti%s@ﬁ%@fﬁ@%{ﬁ%ﬁeﬁn nr danper

as defined in Caim1l4 wherein said first and second flat bottons.are

t hi ckeflatthpiiemsaare thickgttf@ﬁcﬁai‘éﬁ@ﬁénﬁﬁﬁgq”éﬁa%'@’s".”a{i% An appar atus for

danpi ng pulsations in a working fluid, conprising: a housing extending

al ong a centB.al Axeppamtds fosdaaipimppulsationsdnd workinghfiuidxcampitising:al ong sai d
central axis for receiving a working fluid, a second chanber in said

housi ng ext endi nghalising exBirdiealbhgla contral é)qg receiving a pressurized
charging fluid,

a first chamber in said housing extending along said central axis for
receiving a working fluid,

a second chamber in said housing extending along said central axis for
receiving a pressurized charging fluid,

a c'up-shaped, flexible diaphragm extending along said central axis
between said first and second chambers for forming a pressure separation between
said first and second chambers, said diaphragm being movable between said first and
second chambers in response to a difference in pressure existing between said ﬂr'st and
second chambers, said diaphragm further havir‘ng a base connecting with an annular
wall that expands axially an axial wall height énd an annular mounting lip at an end of
said annular wall opposite said base,

a backing surface in said first chamber and a retaining wall in said second
chamber for limiting the movement of sald flexible dxaphragm and

a perforated body disposed in said first chamber of said housmg between
said backing surface and said flexible diaphragm, said perforated bady having multiple

perforations whereby said working fluid flows through perforations in said body as said

diaphragm is moved within said first and second chambers.



a cup-shaped, flexible diaphragm extending along said central axis between
said first and second chanbers for formng a pressure separation between
said first and second chanbers, said di aphragm bei ng novabl e bet ween sai d

first and hanbers in response to a difference in Xistin
bet ween saﬁdﬁ:’?‘ﬂgﬁgand second chanbers, said di aphragmf#&ﬁ%ﬁﬂ#gafng a )
base connecting with an annular wall that expands axially an axial wall

height and an annular. nounting lip at an end of said annular wall opposite
sai d base, a backing surface in sai<23krst chanmber and a retaining wall in

said second chanber for Iimting the novement of said flexible diaphragm

and a per f oAt edAh ehparitesoss defined dh CClalm st6 whandinrsald pewforated Usodyg
bet ween said backing surface and said flexible diaphragm said perforated

body hyaui,Bds g_tﬂét?g@rﬁ%&@@@éahgggn%@bwm}@wki ng fluid flows through

perfo(rjatlhons I'n 2 body as sa ragmi1s noved within said first and
second cha rs. 3 / r as
defined | nn%e'ai rﬁ‘ﬁépﬁﬁ@ég%@sﬁ@ﬂﬁﬁ%@ﬁ? ‘89%'3’"? %éi%@%s@?‘l’ |‘gzigéés‘sanar.
surface facing sajd fl exi b'q?@é“ aph;@%m 18. ..An g ar at def ] od

i - : atus, as,defjned in
Ol ai m SPRORATEN Saktpertaratad brokbY paligance sufigeatitd prvpathendng ¢iFe ca bod
by a distance sufficient to Frevent bendi ng of said perfordgid body beyo%d
| ts yimdribratpdoeody beyarabitaiyielding bending padits.us as defined in Caim 17

wherein said annular wall of said diaphragmis thinner then said base of
sai d di aphrgmm &9 apparaaesasaiefineddn Gialme? wherdhasaid afndlar walof said udi ng a

second pul sation
diaphragm is thinner then said base of said diaphragm.

20.  Anapparatus as defined in Claim 16 further including a second pulsation
damper for simultaneously damping pressure pulsétions in said working fluid, said
second pulsation damper having a pressurized chamber for receiving a pressurized
fluid at a pressure different than the pressure of the fluid in said second c,haﬁwber.

21.  An apparatus for damping pulsations in a working fluid, comprising:

a housing extending along a central axis,
a first chamber in said housing extending a-iong said cent'r'a!‘axis for
receiving a working fluid to I;e damped, \
a second chamber in said housing extending along sald central axis for
recelving a pressurized charging fluid,
a cup-shaped, flexible diaphragm extending along said central axis
between said first and second chambers for forming a pressure separation between
said first and second chambers, said diaphragm being rhovab!e between said first and
second chambers in response to a difference in pressure existing between said first and

second chambers, said diaphragm further having a base and an annular wall extending

axfally an axial wall helght and an annutar mounting lip at an end of said annular wall,



danper for sinultaneously danping pressure pul sations In said working
fluid, said second pul sation danper having a pressurized chanber for
receiving a pressurized fluid at a pressure different than the pressure of
the fluid in said second chanber. 21. An apparatus for danpin ul sati ons
In a wor ki W§ PO conprising: a housing extending al onﬁ%(“@é axi s,
a first chanber in said housing extending along said central axis for

. receiving a working fluid to be danped, a second chamber in said housing
extending along said central axis for24dreceiving a pressurized charging
fluid, a cup-shaped, flexible diaphragmextending along said central axis
bet weersaichdidphragso baing seatwed ta sakidwusingat said mawnting fipeaandusaid aspalaat i on
between said first and second chanbers, said di aphragm bei ng novabl e

bet weerwsiphaling athickngks (e8¢ thxh theathieRnasd of sxidpdase, to a difference in .
pressure existing between said first and second chanbers, said di aphragm

further having a qﬁﬁﬁ' ﬂ@%?‘ ' -ngx& 1RV ral wal |
hei ght and an anr?u ar mgorygqu%ieﬁg pJj g{agﬁé@gg%@%g@ﬂng nu%’(!l};I lée\g{éféé%
03/ 010463 PCT/US02/.23524 -24- said diaph i red i_.d. housi ng
2t sai FhaGR GRS Bieimoemen, ol el YRy CleRfteh ARRH B bSuaks T han
the thickness of said a base, a backing surface in said first chanber and a
retaim3ﬂ§ wall in said second chanber for limting the novenent of said
fl exi bl e di aphragm al ong said central axis, and a perforated body di sposed
In said first chapesiorateddmdy disposeddn $aid fiest charaberdf saidtiougingibetwean and
said flexible diaphragm said perforated body having nmultiple
said backing surface and said flexible diaphragm, said perforated body having multiple
perforations whereby said working fluid flows through perforations in said body as said
diaphragm is moved within said first and second chambers.
22.  Anapparatus for damping pulsations as defined In Claim 21 wherein said
base of said flexible diaphragm is planar and said perforated body includes a planar
perforated surface for engagement with said base of said flexible diaphragm.
23.  Anapparatus for damping pulsations as defined in Claim 22 wherein said
backing surface comprises a planar surface élosely spaced away from said perforated.
body at a distance sufficient to prevent permanent bending of said perforated body
when said perforated body is moved toward said backing surface.
24.  Anapparatus for damping pulsations as defined in Claim 21, wherein said
diaphragm is secured at said mounting lip adjacent one or the other of said backing
surface and sald retaining wall whereby axial movement of said diaphragm is limited
to a distance equal to said axial wall height.

25. A method for damping pressure pulsations in a working fluid, comprising:

applying a working fluid to a first pulsation damper having a first response

to pressure pulsations in said working fluid, and



perforations whereby said working fluid flows through perforations in said
body as said diaphragmis noved within said first and second chanbers. 22.
An apparatus for danping pul sations as defined In Caim21 wherein said
base of said flexible diaphragmis planar and said perforated body includes
a pl anar B‘é‘??%qlﬁ‘f%d surface for engagenment with said bas & COVUSEHE3324% | exi bl e
di aphragm 23. An apparatus for danping pul sations as defined in Claim?22
wherein said backing surface conprises a planar surface closely spaced
away fromsaid perforated. body at %7 stance sufficient to pr event

per manent bendi ng of said perforated, body, when said perforated body is
moved toward sai coimaiRNeRusly applying sald warking.fiid applied ta sajd fisstpylsatiodat i ons
as defined in Caim2l, wherein said diaphragmis secured at said nounting
| i p adjdarapertoasecond palsatibredampesiavingassdong resporisade pressuregulisationgi ni ng
wal | whereby axial novenent of said diaphragmis limted to a distance
equal tin guid WoPRihg fiults Whesbyg high ddmplfig Talidtoarel dtitalatiione widesrige of

pul sations in a working fluid, conprising: applying a working fluid to a

first i : e i b S : : dANS i N
ai d warRre oS B orReeply B Sebiind FRRRRI Aok RIS S Gl LARKERT
applying said working fluid applied to said first pulsation danper to a
second B8t i on danper having a second response to pressure pulsations in
said working fluid, whereby high danping ratios are obtained for a w der

range of pressure ratios as conpared with danping ratios obtained using a
single pul sation danper.



