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Z is provided. The cylinder receives a fluid for the pulsation control product.
The gas charged cartridge can include a head 324, 424, a plug 326, 426, an
clastomer composite 320, 420, and a perforated retaining sleeve 330, 430. The
head is located on a first end of the gas charged cartridge. The plug is located on
a second end of the gas charged cartridge. The elastomer composite connects
the head to the plug. The perforated retaining sleeve is affixed to the plug
surrounding the elastomer composite.
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RETAINING SLEEVE FOR HIGH PRE-CHARGE CARTRIDGE

TECHNICAL FIELD
[0001] This disclosure relates generally to the operation of reciprocating pump fluid transfer systems.

More specifically, this disclosure relates to a pulsation control dampener with a cartridge retaining sleeve.

BACKGROUND
[0002] Pulsation control in reciprocating pump fluid transfer systems is in constant need of
improvement. Among the desirable improvements are reduced pulsation amplitudes to the pumps and from
pumps to the downstream system as well as greater flexibility in integration of pulsation control dampeners

with other elements of an overall pump system.

SUMMARY
[0003] This disclosure provides retaining sleeve for high pre-charge cartridge for a pulsation control
discharge dampener.
[0004] In one embodiment, a gas charged cartridge, comprising: a head on a first end of the gas charged
cartridge; a plug on a second end of the gas charged cartridge, wherein the plug includes a cup portion and
a base portion extending from the cup portion; a cylindrical elastomer composite connecting the head to the
plug, the elastomer composite bonded to the cup portion of the plug; and a perforated retaining sleeve
affixed to the plug surrounding the elastomer composite.
[0005] In one embodiment, a pulsation control dampener, comprising: a cylinder configured to receive
a fluid for the pulsation control dampener; a gas charged cartridge inserted in the cylinder, wherein the gas
charged cartridge includes: a head on a first end of the gas charged cartridge; a plug on a second end of the
gas charged cartridge, wherein the plug includes a cup portion and a base portion extending from the cup
portion; a cylindrical elastomer composite connecting the head to the plug, the elastomeric composite
bonded to the cup portion of the plug; and a perforated retaining sleeve affixed to the plug surrounding the
elastomer composite.
[0006] In any of the above embodiments, the perforated retaining sleeve also connects to the head may
be included.
[0007] In any of the above embodiments, the perforated retaining sleeve extends a partial length of the
elastomer composite, and the gas charged cartridge further includes a crimping sleeve configured to secure
the perforated retaining sleeve to the elastomer composite may be included.
[0008] In any of the above embodiments, the gas charged cartridge further includes a crimping sleeve
configured to secure the elastomer composite to the plug; and a retaining plate coupled to a base of the plug,
where the perforate retaining sleeve is affixed to the retaining plate may be included.
[0009] In any of the above embodiments, the plug includes a cup portion and a base portion extending

from the cup portion may be included.
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[80161 In any of the above embodiments, the gas charged cartridge further includes a crimping sleeve
configured to secure the elastomer composite to cup portion of the plug, and the perforated retaining
sleeve is coupled to the base portion of the plug may be included.

{0011}  In any of the above embodiments, an inside circumterence of the perforated retaming slecve 1s
coupled on an outside circumference of the base portion of the plug may be mcluded.

[8012] In any of the above embodiments, a base of the perforated retaining sleeve couples to an outside
circumference of the base portion of the plug may be included.

[0013]  In any of the above embodiments, the gas charged cartridge further includes a crimping sleeve
configured to secure the perforated retaining sleeve to the elastomer composite and secure both to the cup
portion of the plug may be included.

{6014} In any of the above embodiments, a crimping sleeve molded to an outer diameter of the
elastomer composite may be included.

[0015]  Other techuical features may be readily apparent to one skilled in the art from the followmng
figures, descriptions, and claims.

180616} Before undertaking the PETAILED DESCRIPTION below, it may be advantageous to set forth
definitions of certain words and phrases used throughout this patent document. The term “couple” and its
derivatives refer to any direct or indirect commumnication between two or more elements, whether or not
those clements are in physical contact with one ancther. The terms “include”™ and “comprise,” as well as
derivatives thereof, mean inclusion without limitation. The term “or” is inclusive, meaning and/or. The
phrase “associated with,” as well as dervatives thercof, means to mclude, be meluded within,
interconnect with, contain, be contained within, connect to or with, couple fo or with, be commumnicable
with, cooperate with, interleave, juxtapose, be proximate to, be bound to or with, have, have a property of,
have a relationship to or with, or the like. The phrase “at least one of)” when used with a list of itoms,
means that different combinations of one or more of the listed items may be used, and only onc item in
the list may be needed. For example, “at least one of: A, B, and C” includes any of the following
combinations: A, B, C, A and B, A and C, B and C, and A and B and C. The terms dampener and
stabilizer may be used interchangeably.

[0017]F Definitions for other certain words and phrases are provided throughout this patent document.
Those of ordinary skill in the art should understand that in many if not most instances, such definitions

apply to prior as well as future uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] For a more complete understanding of the present disclosure and its advantages, reference is now
made to the following description taken in conjunction with the accompanying drawings, in which like

reference numerals represent like parts:
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[6019} FIGURE 1 illustrates a simphfied cross-sectional and somewhat schematic view of a
reciprocating pump system emploved within pulsation control dampener system with multiple flow paths
according to an embodiment of the present disclosure;

{00207 FIGURE 2 illustrates an example location of a pulsation suction stabilizer and a pulsation
discharge dampener 1n relation to a pump according to various embodiments of the present disclosure;
{66217 FIGURE 3A illustrates an external view of a pulsation countrol dampener according to various
embodiments of the present disclosure;

[0022] FIGURE 3B illustrates an external view of a pulsation control dampener cartridge according to
various embodiments of the present disclosure;

(00231 FIGURE 3C illustrates an external view of a pulsation control dampener cartridge with a
perforated retaining sleeve according to various cmbodiments of the present disclosure;

[06024] FIGURE 3D illustrates an external view of a pulsation control stabilizer cartridge with a
perforated retaining sleeve and an extemal crimping sleeve according to various embodiments of the
present disclosure;

[06625] FIGURE 4 illustrates a cut away view of a pulsation control dampener according o various
embodiments of the present disclosure;

[06026] FIGURE § illustrates an exploded view of a pulsation control dampener according to various
embodiments of the present disclosure;

[80277 FIGURE 6 illustrates a partial cross sectional view of a fluid delivery and pulsation dampening
system according to various embodiments of the present disclosure;

[0028] FIGURE 7 illustrates a cross sectional view of a top portion of a pulsation control stabilizer
cartridge with a perforated retraining sleeve according to various embodiments of the present disclosure;
and

(00291 FIGURES 8A-8G dlustrate cross sectional views of a bottom portion of a pulsation control
stabilizer cartridge with a perforated retraining sleeve according to various embodiments of the present

disclosure.

DETAILED DESCRIPTION

[0030] FIGS. 1 through 8G, discussed below, and the various embodiments used to describe the
principles of the present disclosure in this patent document are by way of itlustration only and should not
be construed in any way to limit the scope of the disclosure. Those skilled in the art will understand that
the principles of the present disclosure may be implemented in any suitably-arranged piping manifold
dampener that can be used to control or partially control pulsation amplitudes.

[0031] Reciprocating systems, such as reciprocating pump sysiems and similar equipment, operaie in
many types of cyclic hydranlic applications. For exarpple, reciprocating mud pump systems are used 1o
circulate the mud or drilling fluid on a drilling rig. Pressure peaks, as well as the magnitude of pressure

pulsations within the pumped fluid, hasten the deterioration of the pump, the pump’s fluid end expendable
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parts, and equipment downstream from the pump, such as measurement equipment used to deternune
dniling parameters. Failure 1o control such pressure peaks and the magnitude of the pulsation inevitably
affects the operating performance and operational life of the pump, pump fluid end expendable parts, and
all upsiream or downstream components. Pressure peaks and magnitude of the pressure pulsations may
also interfere with instrument signal detection, such that failure to control pressure peaks and magnitude
of the pressure pulsations may also affect the signal detection and/or quality of the signal detection in, for
example, measurement during drilling operations.

[0032] Pulsations arc the sudden change in pressure within a closed svstem when fluid velocities
increase and decrease m a constant friction piping system resulting in pressure changes and also the
acceleration or deceleration of the fhuid as a result of valves opening and closing. Since fluid is not casily
compressible, any force applied to the fluid by a pump can be accounted for. The purap produces variable
energy in the fluid from its reciprocating motion and its valves opening and closing. The vanations can
become extreme and cause damage to upstream or downstream components depending on the location of
the high variations. It can also cause damage, such as cavitation, inside the fluid end cylinder of the pump.
Additionally, the pressure variations can be increased when the pump lacks a proper suction flow. For
cxample, if the pump lacks a proper suction flow, as the pump’s piston moves from a retracted position to
a forward, the piston can impact the fluid creating a pressure variation in the flnd,

[0033] Pulsation conirol equipment is typically placed immediately upstream, downstream, or both
from a reciprocating pump, ofton with a relative size and configuration proportional to the volume of
desired fluid displacement per stroke of the pump and the maximum allotted magnitude of the pressure
peaks and magnitude of the pressure pulsations that may be expenenced by the pump system during each
pulsation. Pulsation control equipment aids in reducing pump loads and minimizing pulsation amplitudes
to the pump, the pump’s fluid end expendable parts, and to equipment upstream or downstream from the
pump. As a result, pulsation control equipment improves the relative operating performance and life of
the pump, the pump’s fluid end expendable parts, and any equipment upstream or downstream from the
pump.

[0034] Different pulsation dampening systems have been developed, including gas-charged
dampeners. Common types of pulsation control dampeners are a hydro-pncumatic dampener, or a gas-
charged pressure vessel (containing compressed air or nitrogen and a bladder or bellows that separates the
process fluid from the gas charge). Most commonly cylindrical or rooghly spherical, gas-charged
pulsation control dampeners may be either flow through or appendage type devices. To optimize the
pulsation dampening cffect, it is often preferable that the pulsation control dampencr be installed as close
as possible to the pump discharge. At such locations, however, the presence of the pulsation control
dampener may interfere with installation of other system components, such as a strainer or a cross. In
addition, the gas-charged pulsation control dampener design typically requires that the gas pre-charge in
the cartridge or bladder be appropriately below the normal system pressure, and that the pulsation control

dampener be properly sized with the correct gas volume for the svstem operating conditions to mect a
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desired pulsation level performance. An undersized dampener cannot adequately compensate for pressure
and flow fluctuations, while an oversized dampener will act as an accumulator, storing too much fluid and
causing slow stabilization and delayed response to system changes.

[0035] Regardless of the type of dampener, the performance of the dampener diminishes when the
pressure of the drilling fluid from the pump is not within the pressure range that the dampener is designed
to handle. For example, even when a pulsation control dampener is mstalled in a drilling system,
pulsations may be experienced further downstream from the pumps as the pressure of the fluid within the
pipeline is ramping-up to a pressure suitable for the drilling operation. These downstream pulsations can
cause damage to the various downstream components (both equipment and sensors), increase audible
netse, increase noise in sensor readings related to the dnlling operation, and reduce performance of the
dritling operation when the pressure of the system 1s not within the pressure range the pulsation control
dampener 1s designed to handle.

[0036] FIG. 1 llustrates a simplified cross-sectional and somewhat schematic view of a reciprocating
pumyp system 100 employed within a pulsation control dampener system with multiple flow paths,
according to an embodiment of the present disclosure. Generally, the reciprocating pump svstem 100
includes a pump suction and/or discharge pulsation control product including a gas-charged pulsation
control dampener or a reactive pulsation control dampener according to an embodiment of the present
disclosure. The reciprocating pump system 100 may employ a reciprocating pump of a type well-known
and commercially available. The pump within the reciprocating pump system 100 1s configured to
reciprocate one o1 more pistons or plungers 101 {only one shown in FIG. 1). Each piston or plunger 101 is
preferably connected by a suitable rotatable crankshaft (not shown) mounted 1 a suitable “power end”
housing 102, Power end housing 102 is connected to a fluid end structure 103 configured to have a
separate pumping chamber 104 for each piston or plunger 101, Pumping chamber 104 1s exposed to its
respective piston or plunger 101, One such pumping chamber 104 is shown in FIG. 1.

[00377 More specifically, FIG. 1 illustrates a simplified cross-sectional view through a typical pumping
chamber 104, Fluid end structure 103 includes housing 103, Pumping chamber 104 receives fluid from
inlet manifold 106 by way of a conventional poppet type inlet or suction valve 107 (only one shown).
Piston or plunger 101, projecting at one end into pumping chamber 104, connects to a suitable crosshead
mechanism, including crosshead extension member 108, Crosshead extension member 108 15 operably
connected to a crankshaft or eccentric (not shown) in a ksown manner. Piston or plunger 101 also projects
through a conventional liner or through conventional packing 109, respectively. Hach piston or
plunger 101 is preferably configured to pumping chamber 104, Each piston or plunger 101 is also
operably connected to inlet manifold 106 and discharge piping manifold 110 by way of a suitable suction
valve 107 or discharge valve 111, as shown. Inlet manifold 106 can include a suction piping manifold that
tvpically receives fluid from suction stabilizer (pot shown in FIG. 1) or a suction piping with a suction
stabilizer. Discharge piping manifold 110 typically discharges into a discharge dampener {not shown in

FIG. 1). Valves 107 and 111 are of conventional design and typically spring biased to their respective
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closed positions. Valves 107 and 111 each also may include or be associated with removable valve seat
members 112 and 113, respectively. Each of valves 107 and 111 may preferably have a seal member (not
shown} formed thereon to provide fluid sealing when the valves are in their respective closed and seat
engaging positions.

[0038] Those skilled in the art will recognize that the techniques of the present disclosure may be
uiilized with a wide variety of single and multi-cylinder reciprocating piston or plunger power pumps as
well as possibly other types of positive displacement pumps. As one example, the number of cylinders of
such pumps may vary substantially between a single cylinder and cssentially any number of cylinders or
separate pumping chambers. Those skilled in the art will also recognize that the complete structure and
operation of a suitable pump system is not depicted or described herein. Instead, for simplicity and clarity,
only so much of a pump system as is unique to the present disclosure or necessary for an understanding of
the present disclosure 1s depicted and described.

[0032] Conventional pump systems, such as the reciprocating pump system 100 shown m FIG. 1,
typrcally include pulsation control products such as a discharge dampener, a suction dampener, or both.
FIG. 2 illustrates an example location of a pulsation control suction stabilizer and a pulsation control
discharge dampener in relation to a pump according to various embodiments of the present disclosure. In
particular FIG. 2 illustrates a fluid delivery and pulsation dampening system 200 according to various
embodiments of the present disclosure. FIG. 2 illustrates an example location of a pulsation suction
stabilizer 225 and a pulsation discharge dampener 235 in relation to a pump 210. Pump 210 1s similar to
the reciprocating pump sysicm 100 of FIG. 1.

(80461 Fluid enters the pump 210 at inlet 220 and exits the pump at discharge 230. Inlet 220 15 referred
to as the suction end of the pumyp 210, as the fluid 1s sucked into the pump, and the fhud is discharged via
discharge 230 to downstream components and cquipment. Pulsation control suction stabilizer 225
stabilizes and dampens the fluid as it enters the pump 210, while the pulsation control discharge
dampener 235 stabilizes and dampens the fluid as it exits the pump 210, Pulsation control suction
stabilizer 225 dampens fluid prior to entering the pump 210 to provide a steady flow of the fluid into the
pump 210, Pulsation control suction stabilizer 225 also reduces pulsation levels inn the manifold and inside
the pump. Pulsation control discharge dampener 235 dampens fluid pulsations inside the pump and pump
manifold, and as 1t exits the pump, to provide reduced pulsation and flow variations towards the
downstream equipment and components. In certain embodiments, pulsation control suction stabilizer 225
or pulsation control digscharge dampener 235 is omitted from the pulsation dampening system 200,

[00411  Pulsation control stabilizers 225 and 235 are sized based on the capacity of the pump 210, the
fluid type, the temperature of the fluid, the operating system pressure, the diameter of the plunger or
piston of the pumyp 210, the stroke length of the pump 210, and the like. Pulsation control stabilizers 225
and 233 can be sized differently.

[B042] FIG. 3A illustrates an external view of a gas charged pulsation control stabilizer according to

various embodiments of the present disclosure. FIG. 3A illustrates a gas charged pulsation control



W

10

13

20

30

[#8]
h

CA 03105031 2020~12-23

WO 2020/005771 PCT/US2019/038554

-7 -

stabilizer 300A. Pulsation control stabilizer 300A is similar to the pulsation control stabilizers 225 and
235 of FIG. 2. Pulsation control stabilizer 300A acts as an energy absorber to pressure pulsations in the
fluid. As shown with respect to FIGS 3B, 3C, 3D and 4 below, the pulsation control stabilizer 300A
includes an elastomer composite gas filled cartridge. When the gas filled cartridge is presented with a
pressure variation, the gas within the cartridge compresses or expands as it absorbs the pressure variations
of the fluid.

{86043} Pulsation control stabilizer 300A includes a cvlinder 302, a top ring 304, a concentric
reducer 306, a flange connection 308, and a bleeder valve 310. The cylinder 302 has a height and a width
sized to contain a gas filled cartridge, and based on the operating conditions of the closed pumping
system. The top ring 304 is the connection for the gas filled cartndge. The flange connection 308 is the
connection between the pulsation control stabilizer 300A and the pipe containing the fluid that is t be
dampened. In certain cmbodiments, the flange connection 308 is threaded. The blecder valve 310
provides a temporary opening in the closed system, allowing air or other substances to be removed from
the system by way of pressure differences.

{06644} FIG. 3B ilustrates an oxternal view of a pulsation controf stabilizer cartridge 300B according to
various embodiments of the present disclosure. FIG. 3B illustrates a cartridge 300B. Cartridge 300B
performs the dampening of pressure variations to the fluid. Carindge 300B includes an elastomer
compostte 320, an mternal volume 322 of the clastomer composite 320, a head 324, a plug 326, and
crimping sleeves 328A and 328B. In certain cmbodiments, the head 324 and the plug 326 arc metal. In
certain cmbodiments, the head 324 and the plug 326 arc bonded to the clastomer composite 320. In
certain embodiments, the elastomer composite 320 1s molded to the head 324 and the plug 326, In certain
embodiments, the elastomer composite 320 includes cords to reinforce the elastomer composite 320 and
against both high internal pressures and high external pressurcs. Cartridge 300B is placed in the
stabilizer 300A as shown in FIGS 4, and 5 below.

[0043]  In certain embodiments, the elastomer composite 320 15 cured and bonded to the bead 324 and
the plag 326, Thereafier, the elastomer composite 320, head 324 and the plug 326 are removed from the
mold and a first sleeve 328A is slipped over and affixed by crimping to the clastomer composite 320 in
proximity to the head 324 and a second sleeve 328B is slipped over and affixed by crimping to the 1o the
elastomer composite 320 in proximity to the plug 326, The crimping of sleeves 328A and 328B create
radially inward concentrated pressure locations that provide additional pressure forces to help secure the
clastomer composite 320 to the head 324 and plug 326, respectively. In certain embodiments, the
crimping sleeves 328A and 328B are affixed directly to the tube of the eclastomer composite 320, as
shown in FIGS. 3C, 7, 8A, 8B, and 8C. In certain embodiments, the crimping sleeves are affixed on top of
a perforated retaining sleeve, as shown in FIGS, 3D, 8C, and 8D. The crimping sleeves can also be
molded to the elastomer composite for full length or partially at the head or the plug.

[8046] The pulsation control stabilizer 300A is open on the botiom of the flange connection 308,

allowmg fhud from the piping system to enter and exit the pulsation control stabilizer 300A. Pressure
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variations contained within the fluid also enter the pulsation control stabilizer 300A and are dampened by
the cartridge 300B. The head 324 of the cartridge 300B is affixed to the top ring 304 of the pulisation
control stabilizer 300A. Therefore the head 324 is fixed and cannot move while the closed pumping
system 1s operating. The plug 326 is attached to the head 324 via bonding of the clastomer composite 320
to head 324 and plug 326. The attachment of head 324 to the elastomer composite 320 by bonding 1s
enhanced by crimping sleeve 328A, which applies pressore forces onto elastomer composite 320 and head
324. Similarly, the attachment of plug 326 to elastomer composite 320 by bonding is further enhanced by
crimping sleeve 328B. The elastomer composite 320 1s filled with gas. The mternal pressure of the gas
within the elastomer composite 320 is a pre~charge pressure. In certain embodiments, the gas is nitrogen.
The clastomer composite 320 is sealed by the head 324 and the plug 326 to create an air tight cyhinder.
The seal is enhanced by the crimping bands.

[06047] In certain embodiments, when the clastomer composite 320 1s filled with a gas, also called pre-
charging, the internal pre-charge pressure can range from 100 PSI to 500 PSI. The cartridge 300B is
selected to match the operating cutput pressure from a pump. For example, if the pressuse of the fhud in
the pipeline is at 2,500 P51, then the cartridge 3008 within the pulsation control stabilizer 300A could be
pre-charged to a comparable pressure, such as 500 PSL to reduce both high and low frequency pressure
pulsations. The smaller the difference between the pressure of the fluid in the pipeline and the mternal
pressure of the cartridge 300B, the more efficient the cartridge 300B is at dampening pressure variations.
Similarly, the larger the difference between the pressure of the fluid in the pipeline and the intemal
pressure of the cartridge 3008, the poorer the cartridge 300B 1s at dampening. Also, when the internal
pressure of the cartridge 300B is larger than the pressure of the fluid in the pipeline, minimal pressure
dampening is accomplished.

[6048] When the clastomer composite 320 is presented with a pressure variation, the gas within the
cartridge compresses or expands effectively reducing pressure vanations of the fluid. By the gas
expanding and compressing, the circumference of the elastomer composite 320 can mcrease and decrease,
thereby causing the plug 326 to move up and down the length of the cvlinder 302 of the pulsation control
stabilizer 300A.

[0049] The clastomer composite 320 is under large hoop stress and axial stress loads duc to the
frequent expansion and compression caused by pressure variations in the fluid. Hoop stress is a stress that
is tangential to the direction of the elastomer composite 320. The hoop stress is the force exerted
circumferentially, perpendicular both to the axis and to the radius of the object, in both directions on
every particle in the cvlinder wall of the clastomer composite 320. For example, any force applied to the
cviindrical walls of the elastomer composite 320 by the internal pressure of the gas, as well as the external
pressure of the fluid, creates hoop stress. Axial stress 1s a stress that is parallel to the axis of the cyhinder.
Axial stress is also at the location where the elastomer composite 320 is bonded to the head 324 and the
plug 326. Any force applied to the head 324 or the phig 326 by a static pressure induces the axdal stress on

the clastomer composite 320,
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[6086F The carndge 300B ofien fails after a period of time due to the frequent expansion and
compression caused by pressure variations in the fluid, as well as the hoop stress and axial stress loads,
endured by the elastomer composite 320, the head 324, and the plug 326. For example, the elastomer
composite 320 can burst duc to the hoop stress. In another example, a leak can form between the
elastomer composite 320 and the plug 326. As the plug 326 moves up and down, and as the elastomer
composite 320 expands and compresses due to pressure variations, the bond between the plug 326 and the
clastomer composite 320 can start to fail. Small holes or cracks are formed between the plug 326 and the
elastomer composite 320, allowing the pre-charged gas to escape. The internal pressure of the
cartridge 300B decreases as the gas escapes the carinidge, thereby decreasing the effectiveness of the
cartridge 300B from reducing pressure pulsations within the fluid. In another example, the inside wall of
the clastomer compostte 320 can start to crack. If a cord of the clastomer composite 320 breaks fiee, the
cord can cause an intemal puncture of the homogenous rubber of the internal sleeve of the clastomer
composite 320. The pre-charged gas can then escape the cartridge through the puncture. The internal
pressure of the cartridge 300B decreases as the gas to escapes the cartridge.

{06517 FIG. 3C illustrates an external view of a pulsation control stabilizer cartridge with a perforated
retaining sleceve according to various embodiments of the present disclosure. FIG. 3C illustrates a
cartridge 300C. Cartnidge 300C 1s similar to the cartridge 300B, with the addition of the perforated
retaiping sleeve 330, In certain embodiments, cartridge 300C can include crimping sleeves 328A and
328B, sumilarly installed as the crimping slecves 328A and 328B illustrated in FIG. 3B, that are covered
by the perforated retaining sleeve 330,

[0052] FIG. 3D illustrates an external view of a pulsation control stabilizer cartridge with a perforated
retaining sleeve and an external crimping sleeve according to various embodiments of the present
disclosure. FIG. 3D illustrates a cartridge 300D, Cartridge 300D is sinular to the cartridge 300B, with the
addition of the perforated retaining sleeve 330, Cartridge 300D is also similar to the cartridge 300C, with
the addition of external crimping sleeves 328C and 328D, External crimping sleeves 328C and 328D are
similar to crimping sleeves 328A and 328B of FIG. 3B, with the exception of their location. In particular,
external crimping sleeves 328C and 328D are located externally of the perforated retaining sleeve 330,
whereas crimping sleeves 328A and 328B covered by the perforated retamning sleeve 330, as shown in
FIG. 3C. In certain embodiments, cartridge 300D can also include crimping sleeves 328A and 328B (not
shown as they are covered by the perforated retaining sleeve 330} as well as crimping sleeves 328C and
328D {(as shown). In certain embodiments, the perforated retaining sleeve 330 includes only exiernal
crimping sleeves 328C and 328D while the crimping sleeves 328A and 328B are omitted. A detailed view
and description of the extemal crimping sleeves 328C and 328D is discussed below with respect to FIGS.
8C and 8D,

[0053F] The perforated refaining sleeve 330 13 external to the elastomer composite 320, depicted in
FIG. 3B, and anchored on the head 324 and the plug 326, In certain embodiments, the perforated retaining

sleeve 330 extends the entire length of the elastomer composite 320 and overlaps all or a portion of the
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outside diameter of elastomer composite 320 that has been bonded to the head 324 and the plug 326. In
certain embodiments, the perforated retaining sleeve 330 covers a portion of the outside diameter of
clastomer composite 320 bonded to the head 324. In certain embodiments, the perforated retaining
sleeve 330 covers a portion of the outside diameter of clastomer composite 320 that has been bonded to
the plug 326. In certain embodiments, there are two perforated retaining sleeves 330, one that covers a
portion of the outside diameter of elastomer composite 320 that has been bonded to the head 324, and a
second that covers a portion of the owtside diameter of elastomer composite 320 that has been bonded to
the plug 326. In this embodiment, the clastomer composite 320 can still compress and expand to dampen
the pressure variations within the fluid. In certamn embodiments the perforated retaining sleeve 330 is
affixed to the head 324 and the plog 326, and extends a distance that is equal to the internal length of the
cylinder 302.

[0054] In certain embodiments, the perforated retaining sleeve 330 is welded to the head 324 as well as
to the plug 326. The elastomer composite 320 cannot extend, shorten or expand, thereby preventing the
plug from moving ap and down the length of the cylinder 302 of the pulsation control stabilizer 300A.
The plog 326 1s locked in place as the perforated retaining sleeve 330 1s anchored to the plug 326 and the
head 324 that is affixed to the top ring 304 of the pulsation control stabilizer 300A. The perforations of
the perforated retaining sleeve 330 allow the clastomer composite 320 to continue to compress and
expand to dampen the pressure variations within the fluid, while mamtaining a linear resistance to the
hoop and axial stress loads.

[0055]  In certain embodiments, the perforated rotaining sleeve 330 allows an increased pre-charge
pressure of the cartridge 300C. The closer the internal pressure of the cartridge 300C 1s to the fluid in the
pipeline, the more efficient the pulsation control stabilizer 300A is at dampening pulsations in the fuid.
For example, the flud transmits the contained pulsations to the gas within the cartridge 300C, dependent
on the pre-charge of the gas within the cartridge 300C, and the pressure of the piping system when in
operation. It 1s noted that cartnidge 300C in the previous example can be interchanged to cartridge 300A,
300B, or 300D. For example, if the fluid in the pipeline 15 2,500 PSI, and the pre-charge of the cartridge
is 500 P8I, then the ability to dampen is minimal. In another example, if the flid in the pipeline
15 2,500 PSL, and the pre-charge of the cariridge is 1,000 PSIL, the abilitv to dampen is significantly
improved. The perforated retaining sleeve 330 reduces the axial and hoop stress applied across the
elastomer composite 320, as the stresses are transferred to the perforated retaining sleeve 330, Since the
axial and hoop stresg is transferred to the perforated retaining sleeve 330, a larger pre-charge pressure to
the cartridge 300C is attainable. Also, the possibility for failure of the elastomer composite 320, are
reduced as well as the possibility for failure between the bond between the elastomer composite 320 and
the plug 326 or head 324. When the perforated retaining sleeve 330 is continuous from the head 324 to the
plug 326, the sheer fatlure of the bond between the elastomer composite 320 and the plug 326, is almost
entirely eliminated, as the clastomer composite 320 is prevented from stretching along the bond at the

plug 326 or head 324,
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[60356] In certain embodiments, the perforated retaining sleeve 330 i1s a metal component that can
withstand the various environmental factors of the closed pumping system. Environmental factors can
include the high operating pressure, the corrosive natire of the fluid, the temperature of the fluid, and the
like. For example, the perforated control retaining sleeve 330 is stainless steel, chrome, mickel, iron,
copper, cobalt, molybdenum, tungsten, titanium, or the hike. In another example, the perforated retaning
sleeve 330 has a coating that protects the matenial of the perforated retaming sleeve 330 from
environmental factors of the closed pumping system. The thickness of the perforated retaining sleeve 330
is dependent on the material used and the pressure of the system and the pre-charge pressure of the
cartridge.

[00577 The perforations of the perforated retaining sleeve 330 are holes through the cylindrical sheet of
metal. In certain embodiments, the perforations of the perforated retaining sleeve 330 can be of the same
size and the same shape. In certain embodiments, the perforations of the perforated retaining sleeve 330
can be of different diameters or different shapes or both. For example, the perforations can be square,
rectangular, circudar, or triangular, and the like. In another example, the perforations can be different
sizes. Each perforation can be a different size. A portion of the perforations can be a different size than
other portions of the perforations. In certain embodiments, the perforations are evenly distributed along
the perforated retaining sleeve 330. In certain embodiments, the perforations are irregularly distrnbuted
along the perforated retaining sleeve 330. In certain embodiments, there 1s a correlation between the size
of the perforations, the thickness of the retaining sleeve, the type of material used for the retaimning sleeve,
the operating pressure of the system, the pre-charge pressure, and the like,

[0058] FIG. 4 illustrates a cut away view of a pulsation conirol stabilizer according to various
embodiments of the present disclosure. FIG. 4 illustrates a pulsation control stabilizer 400. Pulsation
control stabilizer 400 is similar the pulsation control stabilizer 300A of FIG. 3A, the cartridge 300C of
FIG. 3C, and the pulsation control stabilizers 225 and 235 of FIG. 2. Pulsation control stabilizer 400
includes cvlinder 402 (similar to the cvlinder 302 of FIG. 3A), a top ring 404 (similar to the top ning 304
of FIG. 3A), a flange connection 408 (similar to the flange connection 308 of FIG. 3A), an elastomer
composiic 420 (similar to the elastomer composite 320 of FIG. 3B), an imternal volume 422 of the
elastomer composite 420 (similar to the internal volume 322 of FIG. 3B), a head 424 (similar to the
head 324 of FIGS. 3B and 3C), a plug 426 (similar to the plug 326 of FIGS. 3B and 3C), a perforated
retaining sleeve 430 (similar to the perforated retaining sleeve 330 of FIG. 3C), an opening 440 to the
fluid within the piping gystem, and an annulus 442,

[00591  The cartridge, similar to cartridge 3008 of FIG. 3B, includes the clastomer composite 420, the
head 424, the plug 426, and the perforated retaiming sleeve 430. In certain embodiments, the cartridge 400
also inchudes crimping sleeves 328A and 328B, external crimping sleeves 328C and 328D, or crimping
sleeves 328A, 3288, 328C and 328D (both between the cartridge 3008 and the retaining sleeve 330 and

external to the retaining sleeve 330) in similar locations as discussed with respect to FIGS. 3B and 3D.
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The cartridge is inserted inside the cylinder 402, and sealed to prevent the escape of the fluid from the
piping system. In certain embodiments, the top ring 404 and the head 424 fit flush.

[0060G]  Pulsation control stabilizer 400 sits on a pipe tn a piping system and is connected at the flange
connection 408. The fluid enters the pulsation control stabilizer 400 through opening 440. The fluid the
travels upwards and downwards inside the cvlinder 402, The annulus 442 is the area between the cartridge
and the mner circumference of the cylinder 402. The annulus 442 is an area that allows the fluid to travel
inside the cylinder and through the perforated retaining sleeve 430. The fluid traveling inside the
cylinder 402 and outside the cariridge transmits pressure pulsations to the gas filled cartridge. The gas
filed cartridge compresses and expands as the cartridge absorbs and exudes the pressure created by the
pulsations from the pump. By absorbing the pressure pulsations, the pressure pulsations within the fhud
arc dampened.

[0061] FIG. 5 illustrates an exploded view of a pulsation control stabilizer 500 according to various
embodiments of the present disclosure. The pulsation control stabilizer SO0 of FIG. 5 includes
cylinder 502 (similar to the cylinder 302 of FIG. 3A and the cylinder 402 of FIG. 4), a top ring 504
{simular to the top ring 304 of FIG. 3A and top ring 404 of FIG. 4), a head 5324 (similar to the head 324 of
FIGS. 3B and 3C, and the head 424 of FIG. 4), a perforated retaining sleeve 530 (similar to the perforated
retaining sleeve 330 of FIG. 3C and the perforated retainmg sleeve 430 of FIG. 4), a bleeder valve 510
(similar to the bleeder valve 310 of FIG. 3A}, and an O-Ring 512.

80627 The O-Ring 512 acts as a mechanical gasket between the head 524 and the cylinder 502. The
head 524 is threaded and 13 inserted into the top nng 504, In certain cmbodiments, the top ring 504
includes a screw clamp that locks the head 524 in place. The elastomer composite (similar to the
elastomer composite 320 of FIG. 3B) is located behind the perforated retaining sleeve 330

60631 FIG. 6 illustrates a partial crogs sectional view of a fluid delivery and pulsation dampening
system 600 according to various embodiments of the present disclosure. FIG. 6 illustrates a pipe 640
containing fluid 642 and a pulsation control stabilizer 602. The pulsation control stabilizer 602 includes a
top ring 604 (sumilar to the top ning 304 of FIG. 3A, the top ring 404 of FIG. 4, and the top ring 504 of
FIG. 5). a plug 626 (similar to the plug 326 of FIGS. 3B and 3C, and the plug 426 of FIG. 4), a perforated
retaining sleeve 630 (similar to the perforated retaining sleeve 330 of FIG. 3C, the perforated retaining
sleeve 430 of FIG. 4, and the perforated retaining sleeve 530 of FIG. 3}, an clastomer composite 620
(similar to the elastomer composite 320 of FIG. B, and 420 of FIG. 4}, and an annulus 644,

{60664} The pipe 640 and the annulus 644 are filled with the fluid 642, The fluid 642 moves through
pipe 640 and the annulus 644, and contains pressure variations. The elastomer composite 620 compresses
and expands as the pressure variations within the fluid 642 are dampened. The perforated retaining
sleeve 630 provides structure and support to the elastomer composite 620, while the elastomer
composite 620 is still able to dampen pressure variations within the fluid.

[B0653] FIG. 7 illustrates a cross sectional view of a top portion of a pulsation control stabilizer

cartridge with a perforated retraining slecve according to various embodiments of the present disclosure.
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The cross sectional view of the cartridge of FIG. 7 illustrates an example connection between the
perforated retaining sleeve 706 and to the head 702. The perforated refaining sleeve 706 (sinular to the
perforated retaining sleeve 330 of FIG. 3C, the perforated retaining sleeve 430 of FIG. 4, the perforated
retaining sleeve 530 of FIG. 5, and the perforated retaining sleeve 630 of FIG. 6) includes a head 702
{similar to the head 324 of FIGS. 3B and 3C, and the head 424 of FIG. 4, and the head 524 of FIG. 3), an
elastomer composite 704 (similar to the elastomer composite 320 of FIG. B, and 420 of FIG. 4, the
clastomer composite 620 of FIG. 6), and a crimping sleeve 710. The perforated retaining sleeve 706
includes holes 708,

[0066] The elastomer composite 704 s bonded to the head 702. In certain embodiments, the head has a
valve allowing gas to fill the clastomer composite 704, in order to pressurize the cartridge. A crimping
sleeve 710 is located around the circumference of the clastomer composite 704. The crimping sleeve 710
is located near the shoulder of the head 702 and extends down the clastomer composite 704 for a
predetermined length. In certain embodiments the predetermined length is the length that the head 702
extends down the elastomer composite 704 towards the phig (not shown). The crimping sleeve 710 creates
external pressure forces on top of the elastomer composite 704 and the head 702. In certain embodiments,
the clastomer composite 704 is molded to the head 702 and the crimping sleeve 710 provides further
security to the bond the clastomer composite 704 to the head 702. In certain embodiments, the cnmping
sleeve 710 15 affixed external to the perforated setaining sleeve 706, For example, the elastomer
composite 704 is affixed to the head 702, and the perforated retainimg sleeve 706 sarrounds the outer
circumierence of the elastomer compositc 704, and the cnmping slecve 710 surrounds a portion of the
outer circumference of the perforated retaining sleeve 706,

{60677 The perforated retaiming sleeve 706 13 positioned adjacent to the elastomer composite 704. In
certain embodiments, the perforated retaining sleeve 706 fits against the clastomer composite 704, In
certain embodiments, there is a gap between the perforated retaining slecve 706 and the clastomer
composite 704, The perforated retaining sleeve 706 is adjacent to and touches the head 702, A weld
connection 712 bonds the head 702 to the perforated retaining sleeve 706, The weld connection 712
creates a strong bond between the two components.

[0068] FIGS. 8A-2D illustrate cross sectional views of a bottom portion of a pulsation control
stabilizer cartridge with a perforated retraming sleeve according to various emboduments of the present
disclosure. FIGS. 8A-8D illustrate different embodiments of bonding a perforated retaining sleeve to the
plug of the cartridge. The perforated retaining sleeve 806 (similar to the perforated retaining sleeve 330 of
FI1G. 3C, the perforated retaining slecve 430 of FIG. 4, the perforated retaiming sleeve 530 of FIG. 5, the
perforated retaining sleeve 630 of FIG. 6, and the perforated retaining sleeve 706 of FIG. 7) includes an
elastomer composiie 804 (similar to the elastomer composite 320 of FIG. B, and 420 of FIG. 4, the
elastomer composite 620 of FIG. 6, and the clastomer composite 704 of FIG. 7), a crimping sleeve §10
(similar to the crimping sleeve 710 of FIG. 7). The perforated retaining sleeve 806 also includes
holes 808.
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[8065] FIG. 8A illustrates the perforated retaining sleeve 806 affixed to a retaining plate 822 via weld
connection 830. The retaining plate is positioned below the plug 820 (similar to the plug 326 of FIGS. 3B
and 3C, the plug 426 of FIG. 4, and the plug 626 of FIG. 6). The clastomer composite 804 is affixed to the
plug 820. In certain cmbodiments, the elastomer composite 804 is molded to the plug 820 and secured to
the elastomer composite 804 to the plug 820 using the crimping sleeve 810, In certain embodiments, the
retaining plate 822 is a metallic disk with a diameter larger than the perforated retaining sleeve 806. In
certain embodiments, the weld connection 830 goes around the circumference of the perforated retaining
sleeve 806 affixing the perforated retaining sleeve 806 to the retaining plate 822. The retaining plate 822
is positioned across the diameter of perforated retaining sleeve 806 and touches the bottom of the
plug 820. The retamnimg plate 822 provents the elastomer composite 804 from expanding beyond the
length of the perforated retaiming slecve 806. A portion of the axial stress is transferred onto the
perforated retaining slecve 806, the retaming plate 822, and the weld conoection 830 that conmects
perforated retaining sleeve 806 to the retaining plate 822, The weld connection 830 1s strong enough 1o
withstand any force applied by the plug 820 onto the retaming plate 822 due to the eclastomer
composite 804 clongating due to pre-charge pressures and pressure vanations in the fluid. The retaining
plate 822 is designed to withstand any impacts from the plug if the plug as the elastomer composite 804
expands duoe 1o the pressure varations of the fluid. In certain embodiments, the retamning plate 822 is a
material similar to the material of the perforated retaining sleeve 806,

[807¢] The clastomer composite 804 cannot expand beyond the length of the perforated retaining
sleeve 806, as the perforated retaimning sleeve 806 is (1) affixed to a retaiming plate 822 via weld
connection 830 on one end and (1) the head (not shown in FIG. 8A) on the other end. The plug 320 15
prevented from moving beyond the length of the perforated retaining sleeve 806, as the plug 820 i
stopped by the retaining plate 822, By preventing the plug 820 from moving beyond the length of the
perforated retaining sleeve 806, less boop and axial stress is applied across the length of the elastomer
composite 804, and less shear and hoop stresses are applied to the bond between elastomer composite 804
and plug 820, since the clastomer composiie 804 cannot expand bevond the length of the perforated
retaining sleeve 806. Similarly, by limiting the movement of the head {not shown) due to the perforated
retaining sleeve 806, results in less hoop and axial stress that is applied to the bond of the clastomer
composite 804 head, and across the length of the clastomer composite 804, since the elastomer
composite 804 is prevented from over expanding.

60711 FIG. 8B illustrates the perforated retaining sleeve 806 affixed directly to the plug 824, The
plug 824 is manufactured as a single clement with a cup 826 similar to the plug 820 and a base 828
similar to the retaining plate 822 of FIG. 8A . The clastomer composite 804 is affixed to the cup 826 of the
plug 824. In certain embodiments, the eclastomer composite 804 is molded to the plug 824 and the
crimping sleeve 810 secures the elastomer composite 804 to the outside 826a of the cup 826 of the
plug 824. The plug 824 is manufactured with a base 828. The base 828 of the plug 824 is a similar

diameter to the inside diameter of the perforated retaining sleeve 806, For example, the plug 824 can be
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positioned within an inside circumference 806a of the perforated retaining sleeve 806. The weld
connection 832 is located on the bottom of the perforated retaining sleeve 806 along the outside
circumference 828a of the base 828 of the plug 824. In certain embodiments, the weld connection 832
goes around the circumference of the perforated retaining sleeve 806 affixing the perforated retaining
sleeve 806 1o the plug 824.

{8072  The plug 824 is unable to move as the plug 824 is affixed to the perforated retamning sleeve 806
via weld connection 832 as well as a similar connection to head. By preventing the plug 824 from
moving, there is less hoop and axial stress applied across the length of the elastomer composite 804, and
less shear and hoop stresses are apphied to the bond between elastomer composite 804 and plug 820, since
the plag cannot move up or down in response to the clastomer composite 804 expanding and contracting
due to pre-charge pressures and pressure variations in the fhud. Simlarly, by limiting the movement of
the head results in less hoop and axial stress that is applied across the length of the clastomer
composite 804 and to the bond between elastomer composite 804 and head, since the clastomer
composite 804 1s prevented from over expanding due to pre-charge pressures and pressure variations in
the fluid. For example, when a pre-charge pressuire or pressure variation of the fluid causes the elastomer
composite 804 to expand or contract, the plug 824 is rigidly affixed to the perforated retaining slecve 806
via a weld connection 832, and the axial load is cammed against the plug 824, the perforated retaining
sleeve 806, and the weld connection 832, Similarly, the clastomer composite 804 can expand to the
diameter of the perforated retaining slecve 806, When the clastomer composite 804 expands to the width
of the perforated retaining sleeve 806, the hoop stress applied across the clastomer composite 804 is
transferred onto the perforated retaining sleeve 806, Shear and hoop stresses are reduced in the bond of
elastomer composite 804 and plug 824. Sumilar affects occur at head not shown.

60731 FIG. 8C illustrates the perforated retaining sleeve 806 affixed directly to the plug 824 via weld
connection 834, The plug 824 is manufactured as a single clement similar to the plug 820 and the
retaining plate 822 of FIG. 8A. The clastomer composite 804 1s affixed to the plug 824, In certain
embodiments, the elastomer composite 804 15 molded to the plug 824. The perforated retaining sleeve 806
is surrounds the elastomer composite 804 and the crimping sleeve 812 secures the perforated retaining
sleeve 806 and the clastomer composite 804 to the plug 824, The phlug 824 is manufactured with a base
828, Crunping sleeve 812 15 similar to the crnmping sleeve 328D shown m FIG. 3D, In certain
embodiments the length of the crimping sleeve 812 is equal to or taller than the height of the plug 824,
where the height of the plug 824 is the distance the plug 824 extends towards the head {not shown in FIG.
8C) within the clastomer composite 804. The basec 828 of the plug 824 is larger than the outside diameter
of the perforated retaining sleeve 806, For example, the base 828 of plug 824 extends the diameter of the
perforated retaining sleeve 806. The weld connection 834 is located on along the boitom edge of the
perforated retaining sleeve 806 along the shoulder of the base 828 of the plug 824, In certain
embodiments, the weld connection 834 goes around the circumference of the perforated retaining

sleeve 806 affixing the perforated retaining sleeve 806 to the plug 824,
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[6074] The plug 824 is unable to move since the plug 824 13 affixed to the perforated retaining
sleeve 806 via weld connection 834 as well as a similar weld connection to head not shown. By
preventing the plug 824 from moving, there is less hoop and axial stress applied across the length of the
elastomer composite 804 and less shear and hoop stresses are applied to the bond between elastomer
composite 804 and plug 820, since the plug 824 cannot move up or down o response to the elastomer
composite §04 expanding and contracting due to pre-charge pressures and pressure varnations in the fluid.
Similarly, by limiting the movement of the head (not shown) results in less hoop and axial stress that is
applied across the length of the clastomer composite 804 and to the bond between clastomer composite
804 and head, since the clastomier composite 804 is prevented from over expanding due to pre-charge
pressures and pressure variations m the fluid. For example, when a pre-charge pressure or pressure
variation of the fluid causes the clastomer compositc 804 to expand or contract, the plug 824 is rigidly
affixed to the perforated retaining sleeve 806 via weld connection 834, and the axial load is carried
against the phuig, the perforated retaining sleeve 806, and the weld connection 834. Similardy, the
elastomer composite 304 can only expand to the diameter of the perforated retaming sleeve 306. When
the clastomer composite 804 expands to the width of the perforated retaining sleeve 806, the hoop stress
applied across the clastomer composite 804 is transferred onto the perforated retaining slecve 806. Shear
and hoop stresses are reduced in the bond of clastomer composite 804 and plug 824, Simiar affects ocour
at head not shown.

[8075] FIG. 8D iHustrates the perforated retaiming sleeve 806 bonded directly to the plug 824 via weld
connection 836, The plug 824 is manufactured as a single clement similar to the plug 820 and the
retaining plate 822 of FIG. 8A. The elastomer composite 804 1s affixed to the plug 824, In certain
embodiments, the clastomer composite 804 is molded to the plug 824. The perforated retaming sleeve 806
surrovnds the eclastomer composite 804, The crimping sleeve 812 secures the perforated retaining
sleeve 806 and the clastomer composite 804 to the plug 824. The crimping sleeve 812 is similar to the
crimping sleeve 328D shown in FIG. 3D, In certain embodiments the length of the crimping sleeve 812 1s
equal to or taller than the height of the plug 824, where the height of the plug 824 is the distance the plug
824 extends towards the head (not shown in FIG. 8D} within the clastomer composite 804, The plug 824
is manufactured with a base 828. The basec 828 of the plug 824 has a diameter that is approximately the
same diameter as the perforated retaining sleeve 806, In certain embodiments, the base 828 of the plug
%24 has a diameter that allows the perforated retaining sleeve 806 to overhang the base 828 of the plug
824 enough for the weld connection 836. That is, a portion of the perforated retaining sleeve 806 sits on
the base 828 of the plug 824 and the remainder of the perforated retaining sleeve 806 overhangs the base
828 of the plug 824. The weld connection 836 1s located between the portion of the overhanging
perforated of the perforated retaining sleeve 806 and the base 828 of the plug 824, In certain
embodiments, the weld connection 836 goes around the circumference of the perforated retaining

sleeve 806 affixing the perforated retaining sleeve 806 to the plug 824,
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[6076] The plug 824 is unable to move as the plug 824 1s affixed to the perforated retaining sleeve 806
via weld connection 836. By preventing the plug 824 from moving, there is less hoop and axial stress
applied across the length of the elastomer composite 804 and less shear and hoop stresses are applied to
the bond between clastomer composite 804 and plug 820, since the plug 824 cannot move up or down in
response to the elastomer composite 804 expanding and contracting due to pressure vanations in the fluid.
Simlarly, by limiting the movement of the head (not shown) results in less hoop and axial stress that is
applied across the length of the elastomer composite 804 and to the bond between elastomer composite
804 and head, since the clastomer composite 804 15 prevented from over expanding due to pre-charge
pressures and pressure vanations in the flind. For example, when a pressure vanation of the fluid causes
the elastomer composite 804 to expand or contract, the plug 824 is rigidly affixed to the perforated
retaining sleeve 306 via weld connection 836, and the axial load is carnied against the plug, the perforated
retaining sleeve 806, and the weld connection 836, Similarly, the clastomer composite 804 can only
expand to the diameter of the perforated retaining sleeve 806, When the elastomer composite 304 expands
to the width of the perforated retaining sleeve 806, the hoop stress applied across the elastomer
composite 804 is transferred ounto the perforated retaining sleeve 806. Shear and hoop stresses are reduced
in the bond of elastomer composite 804 and plug 824. Similar affects occur at head not shown.

[00777 FIG. 8E illustrates a perforated retaiming sleeve 806 bonded directly to the plug 824 via weld
connection 36 and molded to the clastomer composite 804, FIG. 8F illustrates a crimping sleeve 812
formed into the owter diameter of the clastomer composite with the perforated retaining sleeve 806
bonded directly to the plug 324 via weld connection 836, FIG. 8G illustrates a perforated retaiming
sleeve 806 bonded duectly to the plug 824 via weld connection 836 and molded to the clastomer
composite 804 and the perforated retaining sleeve 806 is further crimped on each end of rubber composite
204 to enhance the bond between rubber composite 304 and the cvlindrical surface of Plug 826, Similar
features also take place at the head (not shown)”). The plug 824 is manufactured as a single clement
similar to the plug 820 and the retaining plate 822 of FIG. 8A. The clastomer composiie 804 1s affixed to
the plug 828, In certain embodiments, the clastomer composite 804 is molded to the plug 828. The
perforated retaining sleeve 806 surrounds the elastomer composite 804, The perforated slegve is crimped
838 to sccurc retaining sleeve 806 and the elastomer composite 804 to the plug 828, In certain
embodiments, the length of the crimp 838 is equal to or taller than the height of the plug 828, where the
height of the plug 824 is the distance the plug 824 extends towards the head opposite plug 824 within the
clastomer composite 804. The crimp 838 is represented by the saw tooth paitern in the perforated slecve
806 The plug 824 is manufactured with a base 828, The base 828 of the plug 824 has a diameter that is
approximately the same diameter as the perforated retamning sleeve 806. In certain embodiments, the base
828 of the plug 824 has a diameter that allows the perforated retaining sleeve 806 to overhang the base
828 of the plug 824 enough for the weld connection 836, That s, a portion of the perforated retaining
sleeve 806 sits on the base 828 of the plug 824 and the remainder of the perforated retaining sleeve 806

overhangs the base 828 of the plug 828, The weld connection 836 is located between the portion of the
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overhanging perforated of the perforated retaining sleeve 806 and the base 828 of the plug 828. In certain
embodiments, the weld connection 836 goes around the circumference of the perforated retaining
sleeve 806 affixing the perforated retaining sleeve 806 to the plug 828.

[0078] The plug 824 is unable to move as the plug 824 is affixed to the perforated retaining sleeve 806
via weld connection 836. By preventing the plug 824 from moving, there is less hoop and axial stress
applied across the length of the elastomer composite 804 and less shear and hoop stresses are applied to the
bond between elastomer composite 804 and plug 820, since the plug 824 cannot move up or down in
response to the elastomer composite 804 expanding and contracting due to pressure variations in the fluid.
Similarly, by limiting the movement of the head (not shown) results in less hoop and axial stress that is
applied across the length of the elastomer composite 804 and to the bond between elastomer composite 804
and head, since the elastomer composite 804 is prevented from over expanding due to pre-charge pressures
and pressure variations in the fluid. For example, when a pressure variation of the fluid causes the elastomer
composite 804 to expand or contract, the plug 824 is rigidly affixed to the perforated retaining sleeve 806
via weld connection 836, and the axial load is carried against the plug, the perforated retaining sleeve 806,
and the weld connection 836. Similarly, the elastomer composite 804 can only expand to the diameter of
the perforated retaining sleeve 806. When the elastomer composite 804 expands to the width of the
perforated retaining sleeve 806, the hoop stress applied across the elastomer composite 804 is transferred
onto the perforated retaining sleeve 806. Shear and hoop stresses are reduced in the bond of elastomer
composite 804 and plug 826. Similar affects occur at head not shown.

[0079] Although the figures illustrate different examples of user equipment, various changes may be
made to the figures. For example, the pulsation control stabilizer can include any number of each component
in any suitable arrangement. In general, the figures do not limit the scope of this disclosure to any particular
configuration(s). Moreover, while figures illustrate operational environments in which various pulsation
control stabilizer features disclosed in this patent document can be used, these features can be used in any
other suitable system.

[0080] None of the description in this application should be read as implying that any particular element,
step, or function is an essential element. The scope of patented subject matter is defined only by the claims.
[0081] Although the present disclosure has been described with an exemplary embodiment, various
changes and modifications may be suggested to one skilled in the art. It is intended that the present

disclosure encompass such changes and modifications as fall within the scope of the appended claims.

Date Recue/Date Received 2022-07-04
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CLAIMS:

1. A gas charged cartridge, comprising:

a head on a first end of the gas charged cartridge;

a plug on a second end of the gas charged cartridge, wherein the plug includes a cup
portion and a base portion extending from the cup portion;

a cylindrical elastomer composite connecting the head to the plug, the elastomer composite
bonded to the cup portion of the plug; and

a perforated retaining sleeve affixed to the plug surrounding the elastomer composite.

2. The gas charged cartridge of Claim 1, wherein the perforated retaining sleeve also

connects to the head.

3. The gas charged cartridge of Claim 1, wherein:
the perforated retaining sleeve extends a partial length of the elastomer composite, and
the gas charged cartridge further includes a crimping sleeve configured to secure the head

to the elastomer composite.

4. The gas charged cartridge of Claim 1, further comprising:
a crimping sleeve configured to secure the elastomer composite to the plug; and
a retaining plate formed by the base of the plug,

wherein the perforated retaining sleeve is affixed to the retaining plate.

5. The gas charged cartridge of Claim 1, further comprising:
a crimping sleeve configured to secure the elastomer composite to the cup portion of the

plug,
wherein the perforated retaining sleeve is welded to the base portion of the plug.

6. The gas charged cartridge of Claim 1, wherein an outside circumference of the

perforated retaining sleeve is welded to an upper surface of the base portion of the plug.

7. The gas charged cartridge of Claim 1, wherein a base of the perforated retaining

sleeve is welded to an outside circumference of the base portion of the plug.

Date Recue/Date Received 2022-07-04
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8. The gas charged cartridge of Claim 1, further comprising:
a crimping sleeve configured to secure the perforated retaining sleeve to the elastomer

composite and secure both to the cup portion of the plug.

9. The gas charged cartridge of Claim 1, wherein the perforated retaining sleeve is

crimped to the elastomer composite.

10. A pulsation control dampener, comprising:
a cylinder configured to receive a fluid for the pulsation control dampener;
a gas charged cartridge inscrted in the cylinder, wherein the gas charged cartridge includes:
a head on a first end of the gas charged cartridge;
a plug on a second end of the gas charged cartridge, wherein the plug includes a
cup portion and a base portion extending from the cup portion;
a cylindrical elastomer composite connecting the head to the plug, the elastomeric
composite bonded to the cup portion of the plug; and

a perforated retaining sleeve affixed to the plug surrounding the elastomer composite.

11.  The pulsation control dampener of Claim 10, wherein the perforated retaining

sleeve also connects to the head.

12.  The pulsation control dampener of Claim 10, wherein:
the perforated retaining sleeve extends a partial length of the elastomer composite, and
the gas charged cartridge further includes a crimping sleeve configured to secure the head

to the elastomer composite.

13.  The pulsation control dampener of Claim 10, wherein the gas charged cartridge
further includes:

a crimping sleeve configured to secure the elastomer composite to the plug, and

a retaining plate formed by the base of the plug,

wherein the perforated retaining sleeve is affixed to the retaining plate.

4.  The pulsation control dampener of Claim 10, wherein:
the gas charged cartridge further includes a crimping sleeve configured to secure the

elastomer composite to the cup portion of the plug, and

Date Recue/Date Received 2022-07-04
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the perforated retaining sleeve is welded to the base portion of the plug.

15.  The pulsation control dampener of Claim 14, wherein an outside circumference of

the perforated retaining sleeve is welded to an upper surface of the base portion of the plug.

16.  The pulsation control dampener of Claim 14, wherein a base of the perforated

retaining sleeve is welded to an outside circumference of the base portion of the plug.
17.  The pulsation control dampener of Claim 10, wherein the gas charged cartridge
10 further includes a crimping sleeve configured to secure the perforated retaining sleeve to the

elastomer composite and secure both to the cup portion of the plug.

18.  The pulsation control dampener of Claim 10, wherein the perforated retaining

sleeve is crimped to the elastomer composite.

Date Recue/Date Received 2022-07-04
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