WO 03/ 010463 PCT/ US02/ 23524 -1 PULSATI ON DAMPI NG ASSEMBLY AND METHOD
Background of the Invention Field of the Invention The present invention
rel at es twotoh@im@aipi ng of pressure pulsations in a fluid peydatsemssdbre
particularly, the present invention relates to a gas charged pul sation
danpi ng assenbly for danping pressure pul sations in power, transm ssion or
control systens. Setting of the Invention Wirking fluid used in power,
transm ssion and control systens may be subjected to periodic, rapid
pressure i ncr eas@JaBATHENIRANMPINGAA SSEMBLYrAND, MET®IOBr m "working fluid"
is intended to refer to liquids and gases, both flowing and static, used to

noni tor, power or regul agggggﬁ]ljmg)yﬂ% H{e&er#t fluids noving through a

pi peline, or to other flul at are t ective or active fluids in a

stati nani ¢ stem These pressure fluctuations in working fluids,
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referr as "pulsations," can damage and interfere with the
operation of the systens. Pressure pulsations are frequently induced by
positive ditfppeasamsmventiopsedspts teedampirty ofsyreseute pisatides raaifetiy of

devi ces have been devel oped to danpen the pul sations. A comon pul sation
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an energy-absorbing device that tends to dimnish the anplitude of the
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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 fluids, referred to generally as
"pulsations,” can damage and interfere with the operation of the systems. 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 pulsation damping technique allows the working fluid pressure to be exerted
against an energy-absorbing device that tends to diminish the amplitude of the
pulsations.

A common "tubular" design used for pulsation damping of flowing fluids 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



di aphragm contained within a section of a systemfluid flow line. One such
design is WO 03/010463 PCT/ US02/ 23524 -2 illustrated in U S. Patent No.
4,759, 38 wWoRalsebs ons in the working fluid (usually a |iq®ecajusot/bzsas ng

t hrough the perforated tube are danped by distending the diaphragmradially
outwardly. This action forces the working fluid within the tube to flow
radially through the perforations +8-the tube, thereby dissipating a
portion of the pulsation energy with no systemloss of flowor drop in

pr essillustratbd i SWPatentiNb| 4,769,387 Fatisatiornddntriengorkings fuie (ustiatgatibeid)
described prior art design are usually intended to operate wthin a
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pressur.e range, .the.pressuri,zin as .and the pressure_surges caused by
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resilient diaphragm By virtue of their design, these prior art pulsation
danpi thg pgyiaratiensairethedubei thargby disgipading, a pertiopef the puisetiomederdyf with ency of
such systens vary as a function of the gas pressure charges acting agai nst

t he di@ppstagosOE I OF diptin e salre T tHaWIrkig Aufangenent  of the _
descri bed "tubul ar” design exhibits a significant decrease in danping ratio
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"tubul ar” pul sation danﬁiér;\g systens require the fabrication of a perforated
t ubullgrengiest tPRafale Wi 13 dBladivalys DgpeMt Presfeire mange awiteingwaiy den  Sorme
of such systens require additional structural supporting naterials to
pr eveditphtagnpér $ubbstbeiialtyulrestrdsset dbtHeapsstam isogeratet @utsideite eptinainf or ce
exerted by the pressurized diaphragm These perforated tubes and
assoghakeGreThhEe! HeAbreSURRARG lBY JFRITAB PreSte RBrdcd QRisRAGY pulsations in

the working fluid 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 efficiency 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 exhibits a significant decrease in damping ratio as the

gas charge (determined as a percentage of working fiuid pressure) is increased toward

the operating pressure of the working fluid.

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 compressive force exerted by the pressurized 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.



expensive to fabricate, particularly when it is necessary to use exotic
netal s and alloys and other corrosion resistant or specialty

st rengt h-wolaooi4egy materi als. WO 03/ 010463 PCT/ US02/ 23524 pCTRISAmedsker pri or
art pul sati on danpi ng design uses a bellows or a piston-cylinder
arrangenment di sposed in a surge chanber that conmunicates with the working
fluid being danped. U S. Patent No., 5,205,326 illustrates pul sation
danpers of this type. The bellows conpresses, or the piston is driven into

the cylinger, as the pressure of the rki i g, It mber
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to resist the conpressive force exerted by the fluid pulsation. As wth
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bel l ows and pi ston-cylinder arrangenents varies over the range of the
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responsive el enent. The bellows and piston-cylinder nenbers of these prior
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fabricate. r art also teaches a pul sat1on danper design enploying a
relatively thick, flexible diaphragmthat rests. .agaifst a doned
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sufficiently greater than that of the pressure of the worki ngg{jl uid. The
desi greqghaoicat tspringe alicapbedidon resisintheprampregsivadoree lexeged dre s flaid
differential exists between the pressure of the working fluid and the gas

char galsaBbRS AYRALh 1B teN@BPp&isalios HsH katfis tay daenseg Bfficlendy Sf tHeéat ent
No. g 563, 257, which enpl %ys a perfg?]a%jﬁa%tpl at e havi ngg?a cup or di sh shape
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stf etcﬁgignegorosrprisr;[grf%?gé gge;tgc? 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 prior art also teaches 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 sufficiently greater than that of the pressure of the
working fluid. The design protects the diaphragm 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 subport the gas
charged diaphragm. The diaphragm is movable in a large chamber between its
extreme pressured and unpressured positions 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



di aphragm Because the di aphragm can nove its entire length in either
direction from its central nounting point, the pul sation absorber

descri bedwprswhEepat ent requires a chanber that is subst &amritsot/g3sea ce t he
unstressed axi al displacenent height of the WO 03/010463 PCT/ US02/ 23524 -4
di aphragm The cup or dish shape is said in the patent to be preferable to
a flat perforated plate in that it acts as an arch and provides a greater
area for perforations. As with the previously described pul sati on danpi ng
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and expensive to fabricate, particularly when it nust be constructed of
met a|peaf§>r%i§§ Riatedp taat it gelsian 2y arch apd grevidemageeagr amaior prgoratiaas. danpi ng
efficiency of the systens can also be widely variable over the range of the
pressur e Ve with tlenpravioudhed esoribiedgpdlsatich danpingr systéms leenployiagtiilouia/

fl exi ble diaphragmis disposed between a working fluid and a gas-charged
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when fully™ distended by press es agalnst a flat,
perforated circulal al sheet. The perfarated netal sheet.is closely
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permanent |y deform ng under the force exerted by the pressurized
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working fluid in contact wwth the perforated netal sheet and permts fluid
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backi ng surface. Pressure pulsations in the working fluid displace the
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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 metal sheet is closely spaced from a planar backing surface that
prevents the sheet from permanently deforming under the force exerted by the
pressurized diaphragm. An annular channel formed in the backing surface places the
working fluid in contact with the perforated metal sheet and permits fluid flow through
the assembly when the perforated sheet is engaging the planar backing surface.
Pressure pulsations in the working fluid displace the diaphragm away from the
perforated metal sheet. A flat retaining 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 thé gas chamber dissipate

the energy of the pulses to achieve the damping effect.



di aphragm away fromthe netal sheet. Back and forth flow of the pulsing
working fluid through the perforations and the conpression of the gas in
t he gas cWwertbmro46s ssi pate the energy of the pul ses to ackrCansor/s24danpi ng
effect. WD 03/010463 PCT/ US02/ 23524 -5 The diaphragmis maintained in a
non-stressed condition during its novenent between the flat netal sheet
and the flat retaining wall. The diaghragm noves only in a single
direction fromits nounting within the body of the danper assenbly, which

reduces vephe BlapHigg iBRRAIRGHTMENTh § HOnLdtRasRA donditRighmsh kddvehadnthei ght
of the danping assenbly. The lateral walls of the cup-shaped di aphragm are

rel at,i vely thi co red.to the_di aphragm bas The . thin wall copstruction
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working fluid while the thicker base protects the diaphragmfrom damage
caus e’ siigle dijagiior fonmiits mourtingrwibire the body of theydapmer asgseatplyi wkichThe

desi gn of the conponents of the present invention coupled with the limted

noverredices avest dferediappeigrhi a1 cangibutds tdeedlicipditiag it odighe of thew cost,
| ong- live assenbly that exhibits a linear relationship between its danping
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pressure. The conponents of a pu| sation da r of the present invention ma
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The use of. planar surfaces for the perforated netal sheet, the backing
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fabrication costs of both the retaining nenbers and the conform ng

di aphyaessts HeatibpRiadp@frbhiihrathé aaes ey &gddinent with, and movement over,
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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 pressure.

The components 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 is easily machined or milled to provide a desired fluid 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



perforated nmetal sheet is easily machined or mlled to provide a desired
fluid course that is maintained in close contact wwth the sheet. The
limted owopBatenent and absence of stress in the di aphr gmusovess2s he ful |
operating range of the system conbined with WD 03/010463 PCT/ US02/ 23524
-6 the system design, enables long-lived, efficient operation even at gas
pressure charges approaching the dgsign operating pressure of the working
fluid. The design of the pressure danper of the present invention also
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i nproved operating efficiency and smal ] size, of fﬁth pressure danpi ng
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pressure sensitive control systens and other pressure sensitive devices,
such as piThet degignavEthempressure damipeefofvthkevpresent lintentiper alsedpgitssur e
relief valves are set to open and closed automatically as required to
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The "set pressure’ e relief vdlve is typically set at sonme percentage
bel ow t he maxi num all o .e working pressure of the piping and equi pnent
asso@le&?‘:é?fs\kﬁ‘Pﬁeﬁwem%'nggwém ‘n many commercial systens, such as may
be found for exanple at a chemical plant, it is desirable to operate a
"process" The improvgd epgrating eficigacy @i small sige Bf Ahe essyEedANPRY | evel s
of the piping and associ ated equi pnent. QOperating at hi gher pressures

per maksebghsiithepresétiayasticinehimidesritsysudtabitityf foouse irepreseuessensitive | ot
operated pressure relief valve protects the piping and attached equi pnent
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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 below the maxilmum allowable working pressure of the piping and
equipment associated with the relief valve.

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 the piping and associated equipment. Operating at higher pressures
permits higher efficiencies and better yields from the process. A pilotoperated pressure
relief valve protects the piping and attached 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. Adding a



peaks of the pressure pulsations in the working fluid are typically high
enough to activate the pilot and pressure relief valve and/or cause
excessi vewamanli4m t he pilot. To keep from activating thepPceliset23sad ve and
reducing the life of the pilot, the plants nust reduce the pressure of the
process, thus reducing efficiency and yield. Adding a WO 03/010463

PCT/ US02/ 23524 -7 pul sation danper 70f the present invention allows the
process working pressure to be raised closer to the set pressure of the
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hi gh"degree o Iciency at gas charge pressures approaching 100

percent of the process workin ressure. Int nmet hod of , the p nt
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wor king fluid. The pul sation danpers are provided with different gas
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the working fluid. In viewof the foregoing, it will be appreciated that an
I MpoptatirddhSsloaRhird 00 PERERINLS tHY pRidees wdtking messtide an ef fi ci ent
pul sati on danper having relatively small dinensions, which is
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danper for danping pressure pulses |n wor ki ng flui d wherein, tge. ul sation
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t he danper approaches the pressure of the fluid being danped. An object of
t he piffesentgasstentesito nore@ffectvelge aanpers pelsbtigns in Wideyeressuee rangasat i ons
in anonitored fluid in which the danping ratio of the assenbly increases
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In view of the foregoing, it will be appreciated that an important object of the
present invention is to provide an efficient 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-bodied
pulsation damper for damping pressure pulses in a working fluid wherein the pulsation
damper exhibits an increasing damping ratio as the gas charge pressure in the damper
approaches the pressure of the fluid 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 charge in the damper approaches the pressure of the monitored
fluid.

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.



fluid. A related object of the present invention is to provide an apparatus
for danping pressure pulsations in a nonitored fluid wherein the danping
rati o of wbhe3ap@es atus increases linearly over a range ofrcgasovbseges t hat
extends beyond a gas charge of 90 percent of the nonitored fluid pressure.
WO 03/ 010463 PCT/ US02/ 23524 -8 Yet another object of the present invention
is to provide a small, inexpensively_fabricated, danping apparatus that
may be used in a pressure sensitive system whereby operation of the
pressure i A : ; i sent
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danpi ng, apparatus,that nmaybe used with a pil ot operated pressure, relief
val véattr&ag%c},nﬁi%mpm goearalys iteatb may gﬁd“?f‘%el"al %Pr??@rﬁr%?é@es%?t@m bei ng
protected by the pressure relief valve. The foregoing objects, features and
advamthagesy operatienpfdise pressuve sensitive aystesh is oplémizeders, will be better
understood and nore fully appreciated by reference to the follow ng

draw ngs, asgesdifid 6BJdcPBf e BrédeHt MverBidrels SNV & @mdll, indipesmiyngs
Figure 1 1s a vertical sectional view of a pulsation danper of the present

I
invention, Figure 2 is .a sectigna i_ew ; i P Fi gure
- ErgRBted. e oo e pprbale lnal PRV AR UEFL BRIt oot @iedsie i e s
illustrating details in the construction of the danping of the %resent
i nvereliefrnvalve garrermii émprovede eHicianeyvaedy, Vipldr of e \Proeessesysiem being
illustrating a nodified form of
protected by the pressure relief valve.

The foregoing objects, 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;

Figure 2 is a sectional view taken along the line 2-2 of Figure 1;

Figure 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 section, illustrating a modified form of
the pulsation damper of the present invention;

Figure 5 is a perspective view of a pilot operated pressure valve equipped with
the pulsation damper of the present invention; and

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



t he pul sati on danper of the present invention; Figure 5 is a perspective
view of a pilot operated pressure valve equipped wwth the pulsation danper
of the prweanwmid4nyention; and Figure 6 is a graphical reprPeTarshaLison
conparing the operating efficiency of a pulsation danper of the present
invention with a prior art pul sation danper. Description of the Preferred
Embodi ments WO 03/ 010463 PCT/ US02/ 23524 -9 A pul sation danpeni ng assenbly
of the present invention is indicated generally at 10 in Figure 1. The

working flyid to be danped enters, t assenbly thr.ough. an inl et rt 15
And extts RGNS o SEST DMt hA BRERR e ALCHES bt SoaeRMiar | cal
steel coupling 20 and are equi pped with internally threaded receptacles
15a adtdl Oind;igures pEle wesking fluigito berdaroped entrs the asserdely thiaughragsinlet

connecting to a pressure system As best illustrated by joint reference to
Fi gurgsrt 15 ahdexdtsthrédith 0ubtiensore97] Tharportxaral foymed it BdiyliadGodl istskli cal

body having a flat recessed axial end surface 22. An annul ar groove 23

per i FPER B Are SRR AR RerRay TrisRdlly Bopfadll e Snf e por

17. A circul ar tal di sk 25 havi ultiple perforations 27 is nounted on
an arfRaParively, @éc‘é@nﬁ%&oﬂﬁéﬁ‘%%ﬁﬂag@ ﬁﬁmﬁ&owem%aﬁ%%ﬂg?yéfemhe st eel
coupling 20. The nounting of the disk 25 on the ridge 29 produces an

axi al | y aniis badi ilstyatedtbgrjdind iefespramedoFig resvie @ranch@, thesoupbngd is be
recessed surface 22 through which the working fluid flows during operation
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30 is forced to flow back and” forth through the perforations 27 between the
zggggqr{%g}lgrngdrogvg Eg%gmgc)ﬂnaghleyplgrqgr err?djgt?llféé/e 55%85‘1%&9 wittfthe pBO}'tsf‘Pé gﬁg on the
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
in the 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 diaphragm 33 has a reduced thickness,
annular wall section 36 that extends between the relatively thi.ck flat bottom 34 and 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



side of the disk 25. A flexible flat-bottomed di aphragm 33 is positioned
wth its flat bottom 34 engageable with the netal disk 25. The di aphragm
33 has a wedaoedes hi ckness, annular wall section 36 that PeTESa2g3shbet ween
the relatively thick flat bottom 34 and an enlarged annular nmounting lip
37 at the nouth of the diaphragm The reduced thickness, annular wall
section 36 is supported agai nst an nul ar steel ring 40 positioned on the
rim29 of the coupling 20. An annular, elastomeric O-ring seal 41 WO

03/ 010463 PCT/ US02/ 23524 -10 posi.tioned hetween the ring, 40, and the ridge
2 mapatianad betypes i dia 40prg BieHdgS BHE R RisoaLr S5 REMREN e 11 g
45 of Teflon(r) (polytetrafluoroethylene "PTFE") is clanped between the

st eeltwoicogpinentsl t he netal disk 25 to provide a snmooth, low friction
surface for the diaphragm 33 to nove al ong as the di aphragm pushes the

perforat e dhipkflgbringn4® dfheefoi® | (polyastanRrédhyRneh P TREN! sngaripedkeepi ng
the di aphragmfromextruding into the perforations or being cut on the
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t hreaded, steel retaining ring 51 js positioned in the cylindrical opening
47 t Pribegiaphiegne ddgrimeveslong as the daphiperRYshes the prrferated diskdyp 50.
Wench recesses 52 are provided at an end of the ring 51 for engagenent

Wi t hirtotthe cumaularegrobvé 23tinithé estipinge ), kéepingrilye dmphsagntfom ekbudinghe ri ng
51 to make up the threads between the ring and the body 50 to firmy seat
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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 make up

the threadé 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 indication 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 surface to enclose a gas pressure chamber 56. A gas
pressure charge is supplied to the gas chamber 56 via a gas chamber charging valve
60. Dry nitrogen, or other suitable gas, may be used to charge the chamber 56. The

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

charging gas into the confined area of the pressure chamber 56. A round top poppet



or Oring failure. The cylindrical body 50 is provided with a flat
retaining wall 55 that extends laterally fromthe central axis of the body
50. The vwablo3®i46poperates with the flexible diaphragm 32Crashveisea
retention surface to enclose a gas pressure chanber 56. A gas pressure
charge is supplied to the gas chanber 56 via a gas chanber chargi ng val ve
60. Dry nitrogen, or other suitable,gas, may be used to charge the chanber
56. The valve 60 operates conventla ally to permt the one-way application

of a_high-pressure charging i he confined area of the ressure
chanBacOsgfs tEer%ﬁ%P?’éﬁX%@HHQg ?wy hersiBnaes L%)@ﬁczg‘wamqq HFiicovers
the entry port extending through the retaining wall 55 into the chanber 56

to prevemtdishlaptmenteitthefdiapieradingSdr mdonti3e porit whehehp qrressirenoft the
pressure of the nonitored fluid collapses the di aphragm agai nst the
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pl ace while permttlng sufficien m)vement of t e  poppet headto allow the
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30 forned between the flat bottom 22 and the perforated disk 25. During
oper BOPRet igad thellpwitkeges whasgsta flow figra the velye BOJMQ e chaneberi®S.t o t he

outlet 17 of the assenbly along a course indicated by the arrow A. In

f ol | ow ng TheeletailidsavihgofEirRiuré Ballustlatés tiechxiallylagid, radidiig ektamdihg spdoer ced to
flow through the perforations 27 in the disk 25 between the axial spaces
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t he corrpre55| on o di a hragm e pressure puls |ons in
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side of t he di aphragm 33 are ef fective
a course indicated by the arrow A. In following 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 fluid 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 various
backing and support surfaces afforded on either side of the diaphragm 33 are effective
in protecting the diaphragm from damage regardless 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 33 to be expanded fully against
the annular ring 40, Teflon® ring 45 and the perforated disk 25. The annular disk 25
may be pushed against the backing surface 22 when the pressure in the chamber 56
is sufficiently high. Full distension of the diaphragm may also occur during operation

at any time the pressure in the chamber 56 is sufficiently greater than that of the fluid

being damped.



in protecting the diaphragm from damage regardl ess of the direction or the
size of the pressure differential acting across the diaphragm Wen the
danpi ng aweanioloss3 10 is initially provided with a gas chacgasohesegh t he
charging valve 60, the absence of pressure in the spaces 30 and 31 all ows
t he di aphragm 33 to be expanded fully against the annular ring 40,
Teflon(r) ring 45 and the perforated _di sk 25. The annul ar disk 25 may be
pushed agai nst the backing surface "22 Wwhen t he pressure in the chanber 56
is sufficiently high, Full distension of the diaphragm nmay al so ogcur

duri ng opj’ﬁ@%ﬂgné’? tla%@sww@?st @%@@ﬁap@quwh@mw\é@@%durmg
sufficiently greater than that of the fluid being danped. WO 03/010463
PCT/ s paitis of relativiely highipyessfres irethesgendiamider §6. dodhtserdittegemald t he
perforated disk during these periods of relatively high pressures in the

gas GpaBhRbetieehInbBdckiig sufise 27%nd trﬁa‘)&i%i]g 28 IRRtYBRaLiBrARS lof fige Sur f ace

22 and thé disk 25 Iimts the axial travel of the perforated disk bel ow

the yieldin tr.ess t he .di sk material. and . .prevents th i sk. from being
por s 198 AR s Rl ot e R e ek P R kB e
annul ar ring 45 provi des additional backing support above the annul ar

gr ooPeings pegMapeetiy refermacdwwien 4 isopusird @gaptst dben BB kinopitRsegThit or
extruded through the perforations 27. Wen the pressure of the working

f | ui dinswtdriririgeAs|proeides estiiitidveal ki suppgort BBovg dte ahanlbeyrddve Ihteh may
occur during abnormal working pressures or because of a |oss of pressure

ocet i o su . of pr essur
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]gl: 3?3)%%@t%%stf7.pr otect it from damage. During such periods of high working

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 65. 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 poppet 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 fluid to be damped. An
initial gas chamber charge may be 60 to 90 percent, or more, of the expected operating
pressure of the fluid to be damped. During normal operation, when exposed to the
system fluids, the diaphragm 33 is displaced away 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.



pressures acting on the diaphragm the roundheaded poppet 61 prevents the
material of the diaphragmfromextruding into the charging port. Under

nor mal opepaBiongerondi ti ons, the gas chanber 56 is char ge@Crasa2/pasessur e
that is determ ned by the operating pressure of the working fluid to be
danped. An initial gas chanber charge may be 60 to 90 percent, or nore, of
t he expected operating pressure of 1 he fluid to be danped. During nor nal
operation, when exposed to the syst&mfluids, the diaphragm33 is

di spl aced away fromthe perforated djsk 25 into.the area between the
backi ng. s rEaburealisndd e fadluidedion Mediapliingth G0t Brgkendgas
charge pressure and the average pressure of the fluid being danped are
substfaﬁﬁ iimthe apbetwean B/ @10y waTbbsog/ thegmsforates! disk 2Supkematalywt i ons
of the working fluid cause the diaphragmto nove back and forth in the
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conpressi ng and deconpressing the gas charge in the chanber 56. This action
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fluid is exposed to a large area of perforations by the conbi ned action of
the dhssipaliingthsoseergy ofibe prisatignge Togrwarking tiyidds e3pad [hailafgedsage 30
bet ween the perforated di sk and the backing surface 22. The system design
per mdfpeffonatibraampthegcombimedrestionayflinegmalar beatven23 anddiie largesurfabe | engt h
of the axial height of its annular wall section 36. The di aphragm 33 may
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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
illustrating the relationship between damping ratio and the gas charge in the gas
chamber as a percentage of the pressure of the working fluid. 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 axis, is the ratio of the pulsation amplitude in the working
fluid before and after damping. The horizontal axis depicts the pressure charge in the
gas chamber as a 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 the pul sation danper of the present invention and a prior art pulsation
danper .illustrating the relationship between danping ratio and the gas
char ge i nwolg/ogas3 chanber as a percentage of the pressur@cafusonessaor ki ng
fluid. The curves of Figure 6 were devel oped using a triplex punp
operating at a speed of 150 revolutions per mnute and a working or "line
pressure” of 1000 pounds per square inch (psi). The damping ratio,
depicted on the vertical axis, is tAé-ratio of the pul sation anplitude in

t he wor k| n id before and after danpi ng. The horizontal axis depicts
the (¥ @f@nﬁf&;eﬁ -i hhe diapigagmchnage O- rérsgéﬂ perresnatiicied ehatamPud ng 1 ine
pressure The curve 70 in Figure 6 was obtained using a danping assenbly 10
of t Hiexibhbe 8sertcarimore materiali nThehihirh pattiont 3t ofritteadiapbragon 88tveasverl 7 in.
constructed of 316 stainless steel. The perforated disk 25 has a thickness
of 0. 0 i34 - 14
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Vi t on( uorocarbon nate thin rtion of .t he
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of 0.033 in. The flat PTFE ring 45 had a thickness of 0 010 in

ni t r de@plqyedsioshasge dhgchamber @ber Neowutpisie diametamfibe mareé:@ypﬂ%yed to
charge the chanber 56. The outside dianeter of the main body 50 was 3.25

in. aveb 8126 iaxbal thergidl |odgthld tAe SeEbMPly, 3% Measureridcattriiyaddrysaeiess t he
mai n body 50 and coupling 20, was 2.7 in. The total dinension [aterally

acr 0%s4 Wlfod ngoéyuﬁﬂ QA 40 H;t hﬁw&&ﬂ%%ﬁ‘ﬁ’eﬁ’ﬁﬂ%}té%&@?&oéﬁw n. The

prototype pul i'Ng assenbl'y opera mat eri al s

of construc and di nensions, given for the ass 10, weighs 6 | bs. and
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tenperature of 400 degrees Fahrenheit.
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 curve 71 in Figure 6 was obtained using a prior art "tubular" pulsation
absorber (suppressor) device manufactured by Wilkes-McLean, Ltd. The Wilkes-
Mclean suppressor. employing a design such as described in detail in U.S. Patent No.
4,759,387, was operated with a dry nitrogen 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 weighed approximately 6.5 Ibs.

Animportant feature of the damping assembly 10 is that the damping ratio of the
assembly continues to 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



The curve 71 in Figure 6 was obtained using a prior art "tubular" pul sation
absor ber (suppressor) device manufactured by WI kes-MLean, Ltd. The

W | kes- MyDaani@eppressor. enploying a design such as des@cCThesd2/easzdet ai |
in US, Patent No. 4,759,387, was operated with a dry nitrogen gas charge
pressure rangi ng between 200 psi and a 900 psi. The prior art suppressor
had a tubular diameter of 2.5 inchesg a tubular |ength of 6.875 inches and
a conbi ned tubul ar diameter and charge valve height of 4.25 in. The device
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linearly as the gas charge in the gas chanber oaches, the o eratr ng .
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apparent fromthe straight-line curve 70 in Figure 6. As may be seen by

r ef efprggiononiayebe wised téldampqsregsuvel pulsks pin izostasictiluddsystarnm dpyasisgipl y
exhibits a WD 03/010463 PCT/ US02/ 23524 -15 decreasing danping ratio in the
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| i ne press anper assenbfy 10 of the present |nvent|on

may beuedto res ure ses jn a static flLu S
bl ock”i e ?rﬁé"’%‘ﬂ}g?\g’ep %‘?d‘a%ﬁﬂ?yp MRy ?f%ﬁsiuée\ﬁﬂ ?ﬁé %I'rh"fl EY? e inl et
port 15. Such a system would have use, for exanple, in danping pressure

fluctgaageons in a pressure gauge. Figure 5 of the drawings illustrates the
pressure danper 10 of the present invention installed in the pilot

operating F‘a?@ﬁeem@ffth% BAWhgoNRIAtREs the gesdiger ddrnpér 8l okthd peiseatted
generally at 100. A pressurl zed working fluid in a regul ated or nonitored
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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 through the
damper assembly 10 to the sensing 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 fluid from the system 101 to flow through the valve
100 and out through the outlet 105.

A Pressure verses Time ehart 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 pulsation



101 is vented through the valve 100 to an outlet 105. The danper assenbly
10 is secured to the valve 100 with an accessory bracket 107. The danper
assenbl y w0 3®1(@bainbed bet ween pil ot sense |ine sections PQYasames2409b so
that pressure at the inlet 102 of the val ve 100 conmuni cates through the
danper assenbly 10 to the sensing input of a pilot control 111. A discharge
pressure line 112 discharges fluid ,{é owing through the pilot control 111
into the outlet 105. A pilot control line 115 extends fromthe pilot 111

to t i t 100, .t o, regul ate the opening and closi. of t.he val ve
100, SaiEReh F hES Hrhes b Aty s g R RS ARy Ve
100 permts fluid fromthe system 101 to flow through the valve 100 and
out ttheangplitudes gfithecpressyre pulpptiersinetheeshests 1B0hend A35: thezniisationisjar e 5
illustrates pressure fluctuations in the working fluid contained within

t he dhstpesd@e. fldidsinnileasending tind2H09m hevg Usearb substantialarafudedle Tagped
fluctuations in the systemworking fluid after the pul sati on WO 03/010463
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conparing the difterence | e pressure pulsations in
the charts 0,and 125, the pulsagtions jn the pressure fluid in the
sensisr¥6{qmné&16‘§)87%5§/§e%é"2?§€§u st OP&MNNY Pé&@&é’@f”ﬁ'lfﬁet?‘er BHiQR%AEd t he
pul sation anplitudes permts the operating pressure of the fluid in the

syst dreseuretrgligvalue 96@. cl oser to the opening or set point of the pilot
operated,  pressure relief valve 100. A nodified pul sati on danper of the
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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 pulsations 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 charge pressures to
accommodate and 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 10. Because of the similarity
in construction and operation 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.



danper 210 includes two symmetrically arranged pul sati on danper sections
211 and 212, each simlar in operation to the pul sation danper 10. The
sections WOb3aAnd6212 are conbined to effectively increas@Crhsodasspd ng
effect of pulsations in a working fluid flow ng through the danmper. An
inportant feature of the system 210 is that each of its dual gas charge
chanbers may be charged to differenél gas charge pressures to accommodate
and nore efficiently danpen pressure’pul sations over |arger pressure

ranges of i.ds _as, co red th the St 1Q. The, pul sat i da ner
et s on_ 2 Working dhi & S dhmpedl b om0, SersAt ISt BtAapPRMRd cect i on
212, is identified with reference characters that are higher by 200 than
cor r g8 poedintyofeompimesd w250 The woukisg fluisHlaesiheoudiotheBéanseernd0Q ard
simlarity in construction and operation of the two danper sections 211

and Zadts taUgH 8% oBBEt perh 212 ¥drmiéd in B Ssseditetade ontiEehRIin boly 2601 1A be

under st ood that conmponents of the danper section 212 operate in a manner

symetrjcal |y i : i i 2 1 e danper
eori Sreiplng2ag; Atk biBls w58 H6aPERS e SEERRRAANS shB S amped by
the system 200 enters an inlet port 215 fornmed in one end of a main body
250. TPHBSVibIIaSNEN306i ehambak 2667 dagiher Hampersestien 200 - arft syaymelsically ough™ an
outlet port 217 forned in the opposite side of the main body 250. A steel
coupl dorgesppbdimedats cirambesr 2568misdormée imthienadjomyn2pllsativh damgiezalectien ai ni ng
ring 251, forns a gas charge chanber 256a in the danper section 211. A
symej{g cal |y corresponding gas chanber 256b is formed in the adjoining
pul sati on danper section 212. Gas is supplied to the chanmber 256a through

a gas charégs Ysaét}/pepli%%% tF\A‘e eRamber 2562 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 surface 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 fluid.

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 design also



| oaded poppet 261 covers the access opening fromthe charging valve to the
chanber 256. The poppet 261 cooperates with a flat retaining wall 255 to
limt di sppbasemant of a di aphragm 233. The di aphragm 233 Pc3aisar/ess24 he gas
chanber 256a from a space 231 that comunicates with the working fluid. A
perforated disk 225 in the space 231 conmunicates wi'th an annul ar groove
223 machined into a flat backing surface 222 forned on the main body 250.
The backing surface 222 limts displacénent of the diaphragm 233 when the
gas char reatly exceeds the pressure of the fluid at the inlet 215. As
Wi th P%ﬁi%gm%mefb pdaat Gﬁnﬁﬂww%w%ﬁ@emcﬁm& onged the the
working fluid in the assenbly 210 causes fluid entering the port 215 to

fl ow bbambesmshduldifail.t bimillibe aperdaiatatitbatthe putdatiop elahupiag effedt rbvi228 t o
danpen pressure pulsations in the fluid. In operation, the chanbers 256a
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the 1 ower pressure danpens pul sations o ower average pressure
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WD 03/ 010463 PCT/ US02/ 23524 -18 provides a working back up that continues
pul sathadRbgampiheyereral qfthe peessiure pelsaiiRBser s shoul d fail. It will be
appreci ated that the pul sati on danpi ng effect provided by the charged
chanbers 29aileamef@dbéd eadiodi@entsof tHe dulation WavapaTuf e presmt ivedhtions
spring | oaded piston-cylinder force absorbing devices or other equival ent
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set forth in the following claims.



invention may be nmade wi thout departing fromthe spirit and scope of the
invention, as set forth in the following clains. WO 03/010463
PCT/ US02/®B892341046319- VWhat is Clained is: 1. An apparatus fPOT/whazpdsey
pressure pulsations in a working fluid, conprising: a housing, a first
chanber in said housing for receiving a working fluid to be danped, a
second chanber in said housing for rﬁ;cei ving a pressurized charging fluid,
a flexible diaphragm di sposed betweel¥ Said first and second chanbers for
for mﬁﬁg %gr?s_sur .Separation between said first and second chanbers, said
di apht'ag Gi V&ble within said first and second chanbers in response
to pressure differentials existing between said first and second chanbers,
a pl anar bhcki ynsapparatus rfos alampings predsand epuléationsi i ta ngorking floidenent
of said flexible diaphragmaway from said second chanber, and a perforated
body @i L in said first chanber of said housing between said backing
surface and Said flexible diaphragm said perforated body having nmultiple
perforations whereby. said working fluid flows through perforations in said
body as said a"i’gﬁHgé’@m is noved within said first and second chanbers. 2.
An apparatus as defined in Caim1l wherein said perforated body has a
pl anar surface &8st ehgabentraaidheHsisgifer receiing awarking fuigie be dampeshpar at us
as defined in Claim2 wherein said planar backing surface

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 diaphragm away from said second chamber, and

a perforated body disposed in said first chamber of said housing between
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.

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

3. An apparatus as defined in Claim 2 wherein said planar backing surface
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.



is spaced fromsaid perforated body a distance that prevents said
perforated body from bending in a direction toward said pl anar backi ng
surface awoanounbdthat is beyond a vyielding stress of nmareriahy23584 sai d
perforated body. WO 03/010463 PCT/ US02/ 23524 -20 4. An apparatus as
defined in Caim3 wherein said first chanber includes an inlet and an
outlet for respectively conducting s?qd working fluid into and out of said
first chanber. 5. An apparatus as defined in Claim4 further conprising

bet woon satd | nhGEPRAPS 25 CUIICLE GBI CE ARG P10 ShaPRTRG! FRBI et voen

said inlet and said outlet. 6. An apparatus as defined in Caim2 wherein
sai d an yetans an apﬂetafgﬁmspeobvwc@@aumlmgmsaldquklrtgaf%dmiﬁ aadguigefreaid with
said planar surface of said perforated body. 7. An apparatus as defined in
C ai nfirst Eharhber. conpri sing a second apparatus for sinultaneously danping
pressure pulsations in said working fluid, said second apparatus having a

i I
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danpi ng pressure pul sations in a working flui d conprising: a f| rst
as s enttiet far coreantinicaiingow pridras fivid tpnthmni&airiinlat arud daidostkiehg fluid, a
second assenbly for simultaneously reacting wwth said first assenbly

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 fluid, said second
appaAratus 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
increased 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 simultaneously reacting with said 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



to pressure pulsations in said working fluid, a first preset force in said
first assenbly for resisting pressure pulsations in said working fluid,
and WO 03w01046863CT/ US02/ 23524 -21 a second preset forcecrrusoyaise4 second
assenbly for resisting pressure pulsations in said wrking fluid, said
first preset force being greater than said second preset force. 9. A

pul sati on danper as defined in Claim@8 wherein said first and second
assenbl i es conprise first and secon31gas charged chanbers having first and
second gas charge pressures, respectively, for providing said first and
second preset fa6668nd nueset forses it sald sreanst agsernblyi fesdesiating Aressureur t her
conprising first and second flexible diaphragns separating said working
f1 ui pulsatiorsandald netrking diukt caitifigt prest fogebatipgbeater thaspsidtse¢cohy, and
novabl e in response to pressure pulsations in said working fluid. 11. A
pU|SﬁibQQtQﬁ&¥er as defined in Gaim10 further conprising first and

seco J perforated disks disposed in said working fluid whereby said working

fluid fl t h ough sai forated disks. id fi d d
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said first and second perforated disks are closely backed by first and
secorassphanigs aomptiss firgt and secwy gah chatgedscliaimbersdiavingfissé and sesonhd i t
novenent of said first and second disks, respectively. 13. A pulsation
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, . pectively, engageable with said

first 10. 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 wherein said



and second perforated disks, respectively. 14. A pul sation danper as
defined in Caim13 wherein said first and second diaphragns have first
and secomnwoanfui4es wal | s, respectively, connecting said fiPC3tusameBs2second
di aphragns to said first and second assenblies, respectively, and wherein
sai d WO 03/ 010463 PCT/ US02/ 23524 -22 first and second annul ar walls
connect with said first and second f at bottons, respectively to formsaid
first and second gas charged chanbéers, respectively. 15. A pul sation danper
as defined in Claim 14 mhereln said first and seco flat bottons are
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danpi ng pulsations in a working fluid, conprising: a housing extending
al ongespeetivalyato forirssaid firstranid sécorubgas ohamged dhaondiery, respentiielg al ong sai d
central axis for receiving a working fluid, a second chanber in said

housi ng ex1§nd' g@%ﬂ%ﬁe&gﬁ eoﬁﬁ'@amum%;@an@a'"@f@sﬂaha%%ebhaed

char gi ng fluid cup- shaped Ie di aphragm extendi ng al ong said

centr i bet er t, an co rrbe s for formng a pressure
cepar 0T AT Tt R AN SBEHE ERANBEPEIsard df aphr agm bel ng
movabl e between said first and second chanbers in response to a difference
i n pressurt.exi Aniappapivadendamping pulsatientin awedntg dHighisemprisig: d

di aphragm further having a base connecting with an annular wall that

expands axi al | ya @@u@?ﬁgaéxtéﬁ&i(hg@@@b cumirapgxignnul ar nmounting lip at an end
of said annular wall opposite said base, a backi ng surface in said first

chamber and a r gt G WA} in Is3idP Absii§@Ending 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 firstand
second chambers, said diaphragm further having a base connecting with an annular
wall that expands axially an axial wall height and 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 said flexible diaphragm, and

aperforated body disposed in said first chamber of said housing between
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.



chanmber for limting the novenent of said flexible diaphragm and a
perforated body disposed in said first chanber of said housing between

sai d backwogssuubmice and said flexible diaphragm said perCarasopedshody
having nultiple perforations whereby said working fluid flows through
perforations in said body as said diaphragmis noved within said first and
second chanbers. WD 03/010463 PCT/ USgZ/ 23524 -23 17. An apparatus as
defined in Caim16 wherein said pefforated body includes a flat planar
surface facing said flexible diaphragm 18, An apparatus as defined in

dai m 17 Wher e gaParaHekashgeloed 4peClaim %%afélé%pe?r} SAd pe Ob%??’ot?%{g’ed body
by a distance sufficient to prevent bending of said perforated body beyond
its jrickidBong flaeplinag susfdcesacind samhflexiplerdiapisragsn.defi ned in Caim 17
wherein said annular wall of said diaphragmis thinner then said base of

sai d di aphragm r « b | § } uding a
second puhgati @ﬁgggﬁ%etg?%%r@%mf@aﬁaﬂ&fe Wﬁ@%ﬁg%s%migﬁ?gﬁ ons in

sai d_wor ki fluid, sai second pul sation_da r havi a pressur.i.zed
chanBERCTbORL ek e rates BRECPY slisBbn ot B s RESEHY, han « ne
pressure of the fluid in said second chanber. 21. An apparatus for danping
pul saerforaed hodywsyioindgts yiglding benginggedits. a housi ng ext endi ng al ong a
central axis, a first chanber in said housing extending along said central
axi s for 1peceind agparai@s ksnikfihkediid Clairhe 70heeth saidseenidr whhberid n sai d

housi ng extendi ng al ong said central axis for receiving a pressurized
char gia'%réér'ﬁi i€ thinner then said base of said diaphragm.

20.  Anapparatus as defined in Claim 16 further including a second pulsation
damper for simultaneously damping pressure pulsations in said working fiuid, 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 chahber.

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 along said central axis for
receiving a working fluid to be damped,

a second chamber in said housing extending along said central axis for
receiving 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 movable 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

axially an axial wall height and an annular mounting lip at an end of said annular wall,



a cup-shaped, flexible diaphragmextending along said central axis between
said first and second chanbers for form ng a pressure separation between
said firswoandi®erond chanbers, said di aphragm bei ng novalpCa/user/essen sai d
first and second chanbers in response to a difference in pressure existing
between said first and second chanbers, said di aphragm further having a
base and an annul ar wal | extendi ng _QgLally an axi al wall height and an
annular nounting lip at an end of said annular wall, WO 03/010463
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t hi ckness of said a base, a backing surface in said first chanber and a
r et ai WG ajthickaess lessdhan the Hnelsressf saidathass. t he novenent of said
fl exi bl e di aphragm al ong said central axis, and a perforated body di sposed
in said first clebduking$uriaiednsaidsirstictimhibercand seetdinirarkalin said §econdand
said flexible diaphragm said perforated body having nultiple perforations

uher e Bhafitlel /ARG tho obdrhoneol i HBRibRe aaahAldrA Borld s g hnbafides sai d

di aphragm is nove insad first and seco anbers. 22. An apparat us
for danping pul sations as defined in Caim21 wherein said base of said
f1exi B" di aphragmis planar and said perforated body includes a planar
perforated surface for engagenent with said base of said flexible

di aphragm 23. Avpeifgiatest bedy dispdseshinapigfirss ehamber efsaibhoyriag betw@en m 22
wherein sai.d backing surface conprises a planar surface closely spaced

away fsaRibsckin feficy at@daidiestibl@tiapheagrassie perbfated %U%/mmfgﬂﬁellﬁble
per manent bendi ng of said perforated body when said perforated body is

moved J oA Al e RGPS HIl#ifid 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 closely 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 said 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



24. An apparatus for danping pulsations as defined in Caim21l, wherein
said diaphragmis secured at said nounting |ip adjacent one or the other
of said baolosog46surface and said retaining wall whereby a&xiraiSomessenent of
said diaphragmis limted to a distance equal to said axial wall height.
25. A nethod for danping pressure pulsations in a working fluid,
conprising: applying a working fluigisto a first pul sation danper having a
first response to pressure pul sations in said working fluid, and WO

03/ 010463 PCT/ USR;i; p{\s ga%EplzfngagéI@%QHﬁ 3ﬂu‘?d°9hé!liié?9 c&if 8 (ﬁﬁnper n'n;{,,dng

applied to said erto seco satron
a sec nd re onse ressure ulsatlons in,said mo fl ui wher e
hi gh 3 Seranl oAt daBar RaMnGA spaRid FngRSeto PREReuE R Ut s as

conpar ed WI th danping ratios obtained using a single pulsation danper.
in said working fluid, whereby high damping ratios are obtained for a wider range of

pressure ratios as compared with damping ratios obtained using a single pulsation

damper.



