
(12) STANDARD PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2011338574 B2

(54) Title
Compressor and/or expander device with rolling piston seal

(51) International Patent Classification(s)
F15B 15/10 (2006.01)

(21) Application No: 2011338574 (22) Date of Filing: 2011.12.06

(87) WIPO No: WO12/078606

(30) Priority Data

(31) Number (32) Date (33) Country
61/420,505 2010.12.07 US

(43)
(44)

Publication Date: 2012.06.14
Accepted Journal Date: 2015.07.09

(71) Applicant(s)
General Compression, Inc.

(72) Inventor(s)
Hauer, lstvan;lngersoll, Eric D.;Aborn, Justin A.;Blieske, Matthew

(74) Agent / Attorney
Pizzeys, PO Box 291, WODEN, ACT, 2606

(56) Related Art
DE 31 28 539
US 5275014
US 4887516
EP 0812990



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization
International Bureau

(43) International Publication Date 
14 June 2012 (14.06.2012) WIPO I PCT

(10) International Publication Number

WO 2012/078606 Al

(51) International Patent Classification:
F15B 15/10 (2006.01)

(21) International Application Number:
PCT/US2011/063498

(22) International Filing Date:
6 December 2011 (06.12.2011)

(25) Filing Language: English

(26) Publication l anguage: English

(30) Priority Data:
61/420,505 7 December 2010 (07.12.2010) US

(71) Applicant (for all designated States except US'): GENER
AL COMPRESSION, INC. [US/US]; 275 Washington 
St., Suite 210, Newton, Massachusetts 02458 (US).

(72) Inventor; and
(71) Applicant : HAUER, Istvan [HU/US]; 28 Mossdale 

Road, Jamaica Plain, Massachusetts 02130 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): INGERSOLL, Eric 

D. [US/USJ; 120 Lakeview Avenue, Cambridge, Mas
sachusetts 02138 (US). ABORN, Justin A. [US/US]; 2 
Riverview Road, Hingham, Massachusetts 02043 (US).

BLIESKE, Matthew [US/US]; 597 Poor Farm Road, 
Francestown, New Hampshire 03043 (US).

(74) Agents: TALIIOT, C. Scott et ah; COOLEY LLP, 777 6th 
St, NW, Suite 1100, Washington, District of Columbia 
20001 (US).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, 
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, 
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GII, 
GM, KE, LR, LS, MW. MZ, NA, RW, SD, SL, SZ, TZ, 
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 
DK, EE, ES, FI, FR, GB, GR, IIR, IIU, IE, IS, IT, LT, LU, 
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA GN, GQ, 
GW, ML, MR, NE, SN, TD, TG).

[Continued on nextpagej

(54) Title: COMPRESSOR AND/OR EXPANDER DEVICE WITH ROLLING PISTON SEAL

w
o 2

01
2/

07
86

06
 A

l III
III
III

III
III

III
III

III
III

III
III

III
III

III
H

(57) Abstract: An apparatus can include a piston 
movably disposed within a pressure vessel and 
defines a first interior region and a second interior re
gion. The piston has a first position in which the first 
interior contains a gas having a first pressure and has 
a volume greater than the second ulterior region, and 
a second position in which the second interior region 
contains a gas having a second pressure and has a 
volume greater than the first interior region. A seal 
member is attached to the piston and to the pressure 
vessel. The seal member has a first configuration in 
which at least a portion of the seal member is dis
posed at a first position when the piston is in its first 
position, and a second configuration in which the 
portion of the seal member is disposed at a second 
position when the piston is in its second position.
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COMPRESSOR AND/OR EXPANDER DEVICE 
WITH ROLLING PISTON SEAL

Cross-Reference to Related Applications

[1001] This application claims priority to and the benefit of U.S. Provisional Application 

Serial No. 61/420,505, entitled “Compressor and/or Expander Device with Rolling Piston 

Seal,” filed December 7, 2010, the disclosure of which is hereby incorporated by reference 

herein in its entirety.

Background

[1002] The invention relates generally to devices, systems and methods for the 

compression and/or expansion of a gas, such as air, and/or the pressurization of a liquid, such 

as water, and particularly to such a device that includes a rolling piston seal.

[1003] Known devices and systems can include a cylindrical housing with a movable 

piston disposed therein. Some known devices include the use of a gas, such as air, to move 

the piston to produce an output of work. Some pneumatic devices are used to compress 

and/or expand a gas, such as air. For example, a piston can be moved within a cylinder to 

push or move the gas out of the cylinder at an increased pressure. Such a device can be used, 

for example, in a compressed air energy storage system. Other devices can be used to 

pressurize a liquid, such as water, and/or pump the pressurized liquid, by applying force / 

work to a piston disposed within a cylinder in contact with the liquid. Such devices, or other 

devices, can also produce an output of work by urging pressurized liquid into the cylinder and 

against the piston.

[1004] In some known devices, a seal is disposed, for example, between an outer surface 

of the piston and an inner surface of the cylinder, to provide a fluid-tight seal between the 

piston and the cylinder wall. Various types of seals can be used, such as, for example, o

rings disposed on an outer surface of the piston and/or disposed on an inner surface of the 

cylinder, such that the piston can move relative to the cylinder while still maintaining a fluid- 

tight fit. However, use of traditional o-ring type seals can still require precision machining 

on the inner surface of the cylinder to produce a good seal and minimize wear on the o-ring, 

and can generate frictional losses caused by the sliding contact between the o-ring and the 

surface against which it seals (e.g. the cylinder wall), resulting in energy loss through heat.
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Some known devices that use fluid to move the piston to produce an output can include what 

is referred to as a rolling seal or a rolling diaphragm disposed between the piston and the 

cylinder wall.

11005] in a compressed air energy storage system, the pressure vessel(s) or cylinder(s) in 

such systems can be very large in diameter, particularly at the early stages of a compression 

process. A rolling seal may be useful in such systems to compress and/or expand gas. For 

example, forming a precision machined surface on the interior of a large pressure vessel 

sufficient to receive a movable piston with a fluid-tight seal can be difficult and costly. For 

example, a pressure vessel may need to undergo a honing and chroming process to create a 

suitable surface to enable a smooth yet fluid-tight sliding movement of the piston within the 

pressure vessel. Thus, there is a need to provide improved sealing mechanisms in devices, 

such as pneumatic devices used to compress and/or expand air. There is also a need to 

improve the performance of known rolling seals.

Summary of the Invention

[1006] In some embodiments, an apparatus includes a pressure vessel that defines an 

interior region in which at least one of a liquid and a gas can be contained. A piston is 

movably disposed within the interior region of the pressure vessel. The piston divides the 

interior region into a first interior region on a first side of the piston and a second interior 

region on a second, opposite side of the piston. The piston is movable between a first 

position in which fluid having a first pressure is disposed within the first interior region and 

the first interior region has a volume greater than a volume of the second interior region, and 

a second position in which fluid having a second pressure is disposed within the second 

interior region and the second interior region has a volume greater than a volume of the first 

interior region. A seal member is attached to the piston and is attached to the pressure vessel. 

The seal member configured to move between a first configuration in which at least a portion 

of the seal member is disposed at a first position within the pressure vessel when the piston is 

in its first position, and a second configuration in which the at least a portion of the seal 

member is disposed at a second position within the pressure vessel when the piston is in its 

second position.
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Brief Description of the Drawings

[1007] FIG. 1 is a schematic illustration of a compressor device according to an 

embodiment.

[1008] FIG. 2a is a partial cross-sectional view of a portion of a compressor device 

according to an embodiment shown in a first configuration.

[1009] FIG. 2b is a partial cross-sectional view of the portion of the compressor device of 

FIG. 2a shown in a second configuration.

[1010] FIG. 3 is a side-view of a rolling seal according to an embodiment, shown in an 

unrolled configuration.

[1011] FIG. 4 is a side view of a portion of the rolling seal of FIG. 3.

[1012] FIG. 5 is a side view shown partially in cross-section of a portion of the

compressor device of FIG. 2a.

[1013] FIG. 6a is a partial cross-sectional view of a portion of a compressor device 

according to another embodiment shown in a first configuration.

[1014] FIG. 6b is a partial cross-sectional view of the portion of the compressor device of 

FIG. 6a shown in a second configuration.

[1015] FIG. 7a is a partial cross-sectional view of a portion of a compressor device 

according to another embodiment shown in a first configuration.

[1016] FIG. 7b is a partial cross-sectional view of the portion of the compressor device of 

FIG. 7a shown in a second configuration.

[1017] FIG. 8a is a partial cross-sectional view of a portion of a compressor device 

according to another embodiment shown in a first configuration.

[1018] FIG. 8b is a partial cross-sectional view of the portion of the compressor device of 

FIG. 8a shown in a second configuration.

[1019] FIG. 9 is a side view of a rolling seal according to another embodiment, shown in

an unrolled configuration.
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[1020] FIG. 10 is a partial cross-sectional view of a portion of the compressor device of 

FIGS. 8a and 8b.

[1021] FIG. 11 is a partial cross-sectional view of a portion of the compressor device of 

FIGS. 8a and 8b.

[1022] FIG. 12 is a perspective view of a portion of a rolling seal according to another 

embodiment.

[1023] FIG. 13 is a perspective view of a portion of a compressor device according to 

another embodiment.

[1024] FIG. 14 is a cross-sectional view of the portion of the compressor device of FIG. 

13.

[1025] FIG. 15 is a perspective view of a rolling seal member of the compressor device of 

FIG. 13.

[1026] FIG. 16 is a perspective view of a pressure vessel of the compressor device of 

FTG. 13.

[1027] FIG. 17 is an enlarged view of the portion of FIG. 16 identified in FIG. 16 by the 

line 17.

[1028] FIG. 18 is a perspective view of a piston of the compressor device of FIG. 13.

[1029] FIG. 19 is a cross-sectional view of a portion of a compressor device according to

another embodiment.

[1030] FIG. 20 is a cross-sectional view of a portion of a compressor device according to 

another embodiment.

[1031] FIG. 21 is a cross-sectional view of a portion of a compressor device according to 

another embodiment.

[1032] FIG. 22 is a cross-sectional view of a portion of a compressor device according to 

another embodiment.
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[1032] FIG. 23 is a schematic illustration of a compressor/expander system according to 

an embodiment.

Detailed Description

[1033] Devices and systems used to compress and/or expand a gas, such as air, and/or to 

pressurize and/or pump a liquid, such as water, are described herein. Pneumatic devices 

described herein can be used to compress gas within a cylinder or pressure vessel. As 

described herein, a piston can be movably disposed within a cylinder or pressure vessel and 

actuated to compress air within the cylinder or pressure vessel. Such a device can include a 

single-acting piston configured to compress gas when moved in a single direction, or a 

double-acting piston configured to compress gas when moved in either direction. Pneumatic 

devices as described herein can include what is referred as “a rolling seal” (also referred to 

herein as “rolling piston seal” or “rolling diaphragm”) disposed between the cylinder or 

pressure vessel and the piston. The rolling seal can provide a fluid-tight seal between the 

piston and the cylinder wall during movement of the piston relative to the cylinder and reduce 

or eliminate the need to precision machine (e.g., hone and chrome) the inner surface of the 

pressure vessel. In some embodiments, pneumatic devices as described herein can be used in 

a compressed air energy storage (CAES) system.

[1034] In some CAES systems, devices can be actuated with, for example, hydraulic 

and/or pneumatic actuators. For example, in some compressed air devices and systems, a 

mechanical piston can be used to move or compress gas, such as air. In some compressed air 

devices and systems, a hydraulic actuator can be used to move or compress air within a 

pressure vessel. For example, an actuator can move a liquid within a pressure vessel such 

that the liquid compresses air in the pressure vessel. Such compressed air devices and 

systems are described in U.S. Patent Publication No. 2011/0061836; U.S. Patent Publication 

No. 2011/0062166; and U.S. Patent Publication No. 2011/0061741, each titled “Compressor 

and/or Expander Device” (collectively referred to as “the Compressor and/or Expander 

Device applications”), incorporated herein by reference in their entirety. The Compressor 

and/or Expander Device applications describe a CAES that can include multiple stages of 

compression and/or expansion. As described herein, compressor/expander devices using 

pneumatic actuators and rolling seals can also be used within a CAES.
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[1035] In some embodiments, an apparatus includes a pressure vessel that defines an 

interior region in which at least one of a liquid and a gas can be contained. A piston is 

movably disposed within the interior region of the pressure vessel. The piston divides the 

interior region into a first interior region on a first side of the piston and a second interior 

region on a second opposite side of the piston. The piston is movable between a first position 

in which gas having a first pressure is disposed within the first interior region and the first 

interior region has a volume greater than a volume of the second interior region, and a second 

position in which gas having a second pressure is disposed within the second interior region 

and the second interior region has a volume greater than a volume of the first interior region. 

A seal member is attached to the piston and is attached to the pressure vessel. The seal 

member configured to move between a first configuration in which at least a portion of the 

seal member is disposed at a first position within the pressure vessel when the piston is in its 

first position, and a second configuration in which the at least a portion of the seal member is 

disposed at a second position within the pressure vessel when the piston is in its second 

position.

[1036] In some embodiments, an apparatus includes a pressure vessel that defines an 

interior region in which at least one of a liquid and a gas can be contained. A piston is 

movably disposed within the interior region of the pressure vessel between a first position 

and a second position within the interior region of the pressure vessel. A seal member is 

attached to the piston and attached to the pressure vessel. The seal member defines an 

interior region configured to contain a pressurized fluid. The seal member is configured to 

move between a first configuration in which at least a portion of the seal member is disposed 

at a first position within the pressure vessel when the piston is in its first position, and a 

second configuration in which the at least a portion of the seal member is disposed at a 

second position within the pressure vessel when the piston is in its second position.

[1037] In some embodiments, an apparatus includes a pressure vessel that defines an 

interior region in which at least one of a liquid and a gas can be contained. A piston is 

movably disposed within the interior region of the pressure vessel between a first position 

and a second position within the interior region of the pressure vessel. A seal member has a 

first end portion, a second end portion, and an intermediate portion. The first end portion and 

the second end portion are each coupled to the pressure vessel and the intermediate portion is 

coupled to the piston, the seal member is configured to move between a first configuration in
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which at least a portion of the seal member is disposed at a first position within the pressure 

vessel when the piston is in its first position, and a second configuration in which the at least 

a portion of the seal member is disposed at a second position within the pressure vessel when 

the piston is in its second position.

[1038] FIG. 1 is a schematic illustration of a compressor device according to an 

embodiment. A compressor device 100 includes a cylinder 110 (also referred to herein as 

“pressure vessel”) and a piston 112 movably disposed within an interior region (not shown) 

defined by the cylinder 110. At least one rolling seal member 114 is disposed within the 

interior region of the cylinder 110 and is attached to the piston 112 and to the cylinder 110. 

The compressor device 100 can be used, for example, to compress a gas, such as air, within 

the cylinder 110.

[1039] The cylinder 110 can include an inlet conduit (not shown in FIG. 1) and an outlet 

conduit (not shown in FIG. 1) each in fluid communication with the interior region of the 

cylinder 110. The compressor device 100 can include multiple valves (not shown in FIG. 1) 

coupled to the inlet conduit and/or outlet conduit and/or to the cylinder 110. The valves can 

be configured to operatively open and close the fluid communication to and from the cylinder 

110. Examples of use of such valves are described in more detail in the Compressor and/or 

Expander Device applications incorporated by reference above. The cylinder 110 can contain 

within the interior region a fluid, such as a liquid and/or a gas that can be communicated to 

and from the interior region via the inlet conduit and the outlet conduit, respectively. In some 

embodiments, the cylinder 110 is configured to contain gas, such as air.

[1040] The piston 112 is movably disposed within the interior region of the cylinder 110 

and can divide the interior region between a first interior region and a second interior region. 

The piston 112 can also be coupled to an actuator 116 via a piston rod (not shown in FIG. 1). 

The actuator 116 can be for example, an electric motor or a hydraulically driven actuator such 

as, for example, the hydraulic actuators described in U.S. Provisional Patent App. No. 

61/290,107, to Abom et. al. (“the Abom application”), entitled “System and Methods for 

Optimizing efficiency of a Hydraulically Actuated System,” the disclosure of which is 

incorporated herein by reference in its entirety. The actuator 116 can be used to move the 

piston 112 back and forth within the interior region of the cylinder 110. As the piston 112 

moves back and forth within the interior region of the cylinder 110, a volume of the first 

interior region and a volume of the second interior region will each change. For example, the

7
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piston 112 can be moved between a first position in which the first interior region includes a 

volume of fluid greater than a volume of fluid in the second interior region, and a second 

position in which the second interior region includes a volume of fluid greater than a volume 

of fluid in the first interior region. As used herein, “fluid” means a liquid, gas, vapor, 

suspension, aerosol, or any combination thereof.

[1041] In some embodiments, the piston 112 is moved within the cylinder 110 to 

compress a gas, such as air, within the cylinder 110. In some embodiments, the compressor 

device 100 can be configured to be single-acting in that the piston 112 can be actuated to 

move or compress air in only a single direction. In some embodiments, the compressor 

device 100 can be configured to be double-acting in that the piston 112 can be actuated in 

two directions. In other words, the piston 112 can be actuated to compress and/or expand gas 

(e.g., air) in two directions. For example, in some embodiments, as the piston 112 is moved 

in a first direction, a first volume of fluid having a first pressure can enter the first interior 

region of the cylinder 110 on one side of the piston 112, and a second volume of gas having a 

second pressure can be compressed by the other side of the piston 112 in the second interior 

region and then exit the second interior region. When the piston 112 is moved in a second 

direction opposite the first direction, the first volume of gas within the first interior region can 

be compressed by the piston 112 and then exit the first interior region having a third pressure 

greater than the first pressure, and simultaneously a third volume of gas can enter the second 

interior region.

[1042] The rolling seal member 114 (also referred to herein as “rolling piston seal” and 

“rolling diaphragm”) can be releasably attached or fixedly attached to the piston 112 and can 

be releasably attached or fixedly attached to the cylinder 110. The rolling seal member 114 is 

configured to be disposed within the interior region of the cylinder 110 between the piston 

112 and an interior wall of the cylinder 110. The rolling seal member 114 can reduce or 

eliminate contact between the piston 112 and the interior wall of the cylinder 110 as the 

piston 112 is actuated. In some embodiments, more than one rolling seal member 114 can be 

disposed between the piston 112 and the cylinder 110. The rolling seal member 114 can be 

attached to the piston 112 at one or more attachment locations and can be attached to the 

cylinder 110 at one or more attachment locations.

[1043] The rolling seal member 114 can move or roll with the movement of the piston

112 while maintaining a fluid-tight seal between the piston 112 and the cylinder 110. For
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example, in some embodiments, the rolling seal member 114 can be moved between a first 

configuration in which the rolling seal member 114 is disposed at a first location within the 

cylinder 110 when the piston 112 is disposed in a first position or location within the cylinder 

110, and a second configuration in which the rolling seal member 114 is disposed at a second 

location within the cylinder 110 when the piston 112 is disposed in a second position or 

location within the cylinder 110.

[1044] In some embodiments, the rolling seal member 114 can define a seal interior 

region configured to receive a pressurized fluid. For example, a pressurized fluid, such as a 

gas or liquid, can be pumped or otherwise introduced into the interior region of the rolling 

seal member 114 such that the rolling seal member 114 maintains a desired shape and 

pressure. In some embodiments the pressure can be greater than the maximum operating 

pressure of the interior region of the cylinder 110, such that the rolling seal member 114 

maintains a positive pressure inflation. The pressure in the rolling seal member 114 can be 

constant or can be varied as a function of the pressure of the interior region of the cylinder 

110, such that a constant pressure differential is maintained. In some embodiments, the fluid 

can be, for example, air pressurized to a pressure (e.g., 1 bar) above the maximum pressure of 

the compressor device 100. A source or supply of pressurized fluid 118 can be coupled to a 

supply line in fluid communication with the interior region of the rolling seal member 114. A 

fitting or valve can be, for example, coupled between the rolling seal member 114 and the 

source of pressurized fluid 118. In some embodiments, the pressurized fluid is introduced 

into the interior region and the rolling seal member 114 is closed such that there is no flow of 

the pressurized fluid in or out of the rolling seal member 114 once it is closed. In some 

embodiments, a flow of pressurized fluid is provided within the interior region of the rolling 

seal member 114 during actuation of the compressor device 100. In some embodiments, the 

rolling seal member 114 can include a mechanism to allow a small amount of the pressurized 

fluid to escape or leak from the rolling seal member 114. In some embodiments, the 

compressor device 100 can include two rolling seal members that collectively define an 

interior region to receive a pressurized fluid.

[1045] In some embodiments, a compressor device 100 can include two rolling seal

members 114 that can define an interior region or space between them and the piston 112.

The interior region in such an embodiment can contain a fluid (e.g., a gas or liquid) with a

pressure lower than the inlet pressure of the compressor device 100. For example, if the
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pressure of a gas, such as air, entering cylinder 110 is at or just below atmospheric, the 

interior region or space between the rolling seal members 114 can be maintained at a pressure 

below atmospheric during actuation of the compressor device 100. A vacuum source 120 can 

be coupled to a supply line that is in fluid communication with the space defined between the 

rolling seal members 114 and the piston 112. The vacuum source 120 can be used to create a 

negative pressure within the space (e.g., to extract the gas (e.g., air) from the space). The 

maintenance of the desired pressure within the defined space can help prevent inversion or 

partial inversion of the rolling seal member 114 and can prevent and/or reduce wear on the 

rolling seal member 114. A manifold (not shown) can be included and coupled between the 

supply line to the vacuum source 120 and the cylinder 110 to ensure extraction of the gas 

(e.g., air) from the space during actuation of the compressor device 100. For example, the 

manifold can be in fluid communication with a slot or holes defined in the wall of the 

cylinder 110, which are in fluid communication with the space defined between the rolling 

seal members 114 and the piston 112.

[1046] In some embodiments, the rolling seal member 114 can be formed as a flexible 

sheet or membrane of material that can roll and/or collapse upon itself in a direction parallel 

to the direction of movement of the piston 112. The rolling seal member 114 can be, for 

example, a cylindrical sheet of material that wraps around the outer diameter of the piston 

112 between the piston 112 and the cylinder 110. In some embodiments, the rolling seal 

member 114 can include edge portions configured to be attached to the piston 110 and the 

cylinder 110. In some embodiments, the rolling seal member is formed as an enclosed 

toroidal bag.

[1047] In some embodiments, the rolling seal member 114 is formed with a rubber 

material. The rubber can be, for example, resistant to fluids and contaminants that may enter 

the compressor device 100, and have wear characteristics suitable for use in a compressor 

environment. In some embodiments, the rolling seal member 114 can be formed with, for 

example, a natural rubber / polybutadiene rubber (NR/BR) blend. In some embodiments, the 

rolling seal member 114 can be formed with a fabric material that is coated with, for 

example, a polymer. In some embodiments, the rolling seal member 114 may include a 

thicker coating of material (e.g., rubber or polymer) on an outer surface, for example, that is 

in contact with the piston 112 during operation.
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[1048] In some embodiments, the rolling seal member 114 is formed with a rubber 

material with one or more reinforcement members embedded within the material. In some 

embodiments, the rolling seal member 114 includes one or more reinforcement members that 

extend in a first direction and/or one or more reinforcement members that extend in a second 

direction. For example, in some embodiments, a rolling seal member 114 can include one or 

more reinforcement members that extend in an axial direction and one or more reinforcement 

members that extend in circumferential direction. In some embodiments, a rolling seal 

member 114 can include one or more reinforcement members that extend in first direction 

and one or more reinforcement members that extend in second direction that is transverse to 

the first direction. In some embodiments, the rolling seal member 114 can include 

reinforcement members that extend in only a single direction. For example, reinforcement 

members can extend circumferentially or axially.

[1049] The elasticity of the reinforcement members can be sufficient to prevent or reduce 

cyclic stretch of the rolling seal member 114 in an axial direction during actuation of the 

compressor device 100. Cyclic stretch of the rolling seal member 114 may be undesirable 

because it can cause possible wear against the piston 112 or cylinder 110. The elasticity of 

the reinforcement members in a circumferential direction can also be sufficiently high to 

allow for expansion between the piston 112 and the wall of the cylinder 110 as the piston 112 

moves back and forth within the cylinder 110. In some embodiments, a rolling seal member 

114 can include reinforcement member(s) formed with a laminate of two different grades of 

tyre cord disposed at 90 degrees, or an asymmetrically woven fabric. In some embodiments, 

one or more reinforcement members can be formed with a Nylon cord material, such as for 

example, Nylon 66, a polyaramid material such as Kevlar, or other suitable materials.

[1050] The rolling seal members 114 can be attached to the piston 112 with, for example, 

a clamped attachment bead portion (not shown in FIG. 1). For example, the attachment bead 

portion can include a metal or plastic rod or metal spring that is embedded within the material 

of the rolling seal member 114. In some embodiments, the attachment bead portion can 

include a rod or spring disposed within a folded-over edge portion of the rolling seal member 

114. In some embodiments, the attachment bead portion can include a rod or spring disposed 

within a folded-over portion of the rolling seal member 114 at a location different than at an 

edge. For example, an attachment bead portion can be formed at an intermediate location 

between the two edges of the rolling seal member 114. In some embodiments, an attachment
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bead portion can be formed, for example, at approximately a mid-point between two edges of 

the rolling seal member 114. The rod or spring can be flexible such that it can curve or bend 

and be disposed in a circumferential configuration (e.g., wrapped around the piston). To 

attach the rolling seal member 114 to the piston, an attachment bead portion can be held 

within an annular groove defined in the piston with, for example, bolts, such that tension in 

the rolling seal member 114 is maintained along the peripheral extent of the bead portion. 

The rolling seal member 114 can be attached to the cylinder in a similar manner. Further 

details regarding the attachment of the rolling seal member 114 to the piston 112 and to the 

cylinder 110 are described below.

[1051] As discussed above, the rolling seal member 114 is disposed between the piston 

112 and the cylinder 110 and can move with the movement of the piston 112. The inclusion 

of the rolling seal member 114 in the compressor device 100 allows for greater tolerance in 

the surface finish of the piston 112 and the cylinder 110. For example, the surface of the 

piston 112 and the surface of the cylinder 110 that are in contact with the rolling seal member 

114 can vary such that the piston 112 and the cylinder 110 can be formed, for example, 

without precision machining. Thus, honing and chroming processes that are typically 

required to achieve a suitable surface for sealing by an o-ring between a piston and a cylinder 

in such pump devices may not be necessary. Such reduction in processing can result in a 

reduction in costs to manufacture the compressor device 100. For example, in some 

compressor devices, the cylinder or pressure vessel may have a diameter of 2 meters. 

Precision machining such a large cylinder can be very expensive and time consuming. In 

some embodiments, the piston 112 and the cylinder 110 can be formed, for example, with a 

sheet steel without the need for machining. In some embodiments, the piston 112 and/or the 

cylinder 110 can be formed with materials that may not otherwise be suitable for such 

applications because they arc not susceptible to machining, such as a fiberglass material, or a 

plastic or polymer. In some embodiments, a surface protection layer, such as an epoxy, can 

also be applied to the surface of the piston 112 and/or cylinder 110.

[1052] FIGS. 2a and 2b illustrate another embodiment of a compressor device. A 

compressor device 200 includes a cylinder or pressure vessel 210, a piston 212 movably 

disposed within an interior region 222 of the cylinder 210, and a rolling seal member 214. 

The rolling seal member 214 is movably disposed within the interior region 222 between the
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piston 214 and an interior wall of the cylinder 210. The compressor device 200 can be 

configured to compress a gas, such as air, within the cylinder 210.

[1053] The cylinder 210 can include an inlet conduit 224 (also referred to as “inlet”) and 

an outlet conduit 226 (also referred to as “outlet”) each in fluid communication with the 

interior region 222 of the cylinder 210. The cylinder 210 can contain within the interior 

region 222 a fluid, such as a liquid and/or a gas that can be communicated to and from the 

interior region via the inlet conduit 224 and the outlet conduit 226, respectively. The inlet 

conduit 224 can be coupled to for example, a source of gas, such as air. The outlet conduit 

226 is configured to communicate a volume of compressed gas (e.g., air) from the interior 

region 222 to another location. For example, the outlet conduit 226 can be coupled to another 

compressor/expander device or another device configured to perform some action or work, or 

to a storage container configured to store compressed air. Valves 234 can be coupled to the 

inlet conduit 224 and the outlet 226. The valves 234 can be operated to open and close the 

fluid communication to and from the cylinder 210. As discussed above, examples of 

operation of such valves are also described in the Compressor and/or Expander Device 

applications incorporated by reference above.

[1054] The piston 212 is movably disposed within the interior region 222 of the cylinder 

210 and can also be coupled to an actuator (not shown) via a piston rod 232. The actuator 

can be for example, an electric motor configured to move the piston 212 back and forth 

within the interior region 222 of the cylinder 210. In some embodiments, the piston 212 can 

be moved within the cylinder 210 to compress a gas, such as air, within the interior region 

222 of the cylinder 210 as described above. In this embodiment, the compressor device 200 

is single-acting in that the piston 212 can be actuated to move or compress air only when 

moving in one direction, as shown by arrow A in FIG. 2a.

[1055] The rolling seal member 214 (also referred to herein as “rolling piston seal” and 

“rolling diaphragm”) includes a circumferential sheet portion 236 and two attachment rods 

238 and 240, as shown in FIG. 3. The sheet portion 236 is configured to be disposed 

circumferentially around the piston 212. The attachment rods 238 and 240 are each disposed 

within a double layer or folded-over edge portion 248 of the sheet portion 236 to form 

attachment beads 242 and 244, respectively, as shown in FIG. 3. In some embodiments, the 

rods 238, 240 can alternatively be embedded in the material of the sheet portion 236. As 

shown in FIGS. 4 and 5, a 90 degree bend 246 is formed in the edge portion 248 to allow for
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attachment of the attachment beads 242 and 244 to the cylinder 210 and piston 212, 

respectively, as described below. The rods 238, 240 can have a diameter Dl, for example, of 

about 9 mm, and when disposed within the double layer edge portions 248, the attachment 

beads 242 and 244 can each have a diameter D2 of, for example, about 13 mm. Tn some 

embodiments, the double layer edge portion 248 can have a thickness Th of for example, 

about 3.8 mm. In some embodiments, the sheet portion 236 can have a thickness of, for 

example, 2.5 mm.

[1056] The sheet portion 236 can be formed, for example, with a rubber material, or other 

suitable flexible material, as described previously. The attachment rods 238, 240 can also be 

formed as described previously. The rolling seal member 214 can also include reinforcement 

members (not shown) embedded within the material of the sheet portion 236. For example, 

one or more axial reinforcement members can extend in a direction of the axis A-A in FIG. 3, 

and/or one or more circumferential reinforcement members can extend in a direction of axis 

B-B in FIG. 3. In some embodiments, the reinforcement members can extend in additional or 

alternative directions that are eccentric to axis A-A and axis B-B in FIG. 3.

[1057] The attachment bead 242 is used to attach the rolling seal member 214 to the wall 

of the cylinder 210 and the attachment bead 244 is used to attach the rolling seal member 214 

to the piston 212. As shown in FIG. 5, the attachment bead 242 is received within an annular 

groove 250 defined in an annulus portion 254 in the wall of the cylinder 210, and the 

attachment bead 244 can be received in an annular groove (not shown) in the piston 212 in a 

similar manner. The radius R of the cylinder wall at the bend portion 246 and at or near the 

entrance to the groove 250 can be, for example, about 3 mm, and a width W defined between 

the bend portion 246 and the groove 250 can be, for example, about 25 mm. The groove 250 

can have a height H, for example, of about 10 mm. A bolt 252 is coupled to the annulus 

portion 254 of the cylinder 210 and used as a clamp to hold the attachment bead 242 within 

groove 250. An interference fit on the clamping of the attachment bead 242 in the direction 

of a longitudinal axis of the bolts can be provided, and the rolling seal member 214 can act as 

an o-ring to seal the clamping area. Although not shown, the attachment bead 244 can be 

attached to the piston 212 in a similar manner. As shown in FIG. 4, a width Wg of the rolling 

seal member 214 configured to be disposed within the gap between the piston 212 and the 

wall of the cylinder 210 can be, for example, between about 25 mm and about 50 mm.
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[1058] The rolling seal member 214 can move or roll with the movement of the piston 

212 while maintaining a fluid-tight seal between the piston 212 and the cylinder 210. The 

rolling seal member 214 can be moved between a first configuration in which the rolling seal 

member 214 is disposed at a first location within the cylinder 210 when the piston 212 is 

disposed in a first position or location within the cylinder 210 as shown in FIG. 2a, and a 

second configuration in which the rolling seal member 214 is disposed at a second location 

within the cylinder 210 when the piston 212 is disposed in a second position or location 

within the cylinder 210 as shown in FIG. 2b.

[1059] In use, to compress a gas, such as air within the compressor device 200, air having 

a first pressure can be introduced through the inlet conduit 224 and into the interior region 

222. The piston 212 can be actuated to move the piston 212 from a first position as shown in 

FIG. 2a to a second position as shown in FIG. 2b. As the piston 212 moves in the direction 

of arrow A, the piston 212 compresses the air within the interior region 222 as it forces or 

displaces the compressed air out of the cylinder 210 and into the outlet conduit 226. Thus, 

the compressed air exiting the interior region 222 has a greater pressure than the air that 

enters the interior region 222.

[1060] FIGS. 6a and 6b illustrate a compressor device 300 having a similar configuration 

as the compressor device 200. Thus, some features of the compressor device 300 that are the 

same as compressor device 200 will not be described in detail with reference to FIGS. 6a and 

6b. In this embodiment, the compressor device 300 includes a cylinder or pressure vessel 

310, a piston 312 movably disposed within an interior region 322 of the cylinder 310, and a 

rolling seal member 314. The compressor device 300 is single-acting and can be configured 

to compress a gas, such as air, within the cylinder 310 as described above for previous 

embodiments. An inlet conduit 324 and an outlet conduit 326 are coupled to and in fluid 

communication with the cylinder 310 at a top end of the cylinder 310. The piston 312 

includes a piston rod 332 that can be coupled to an actuator (not shown) to move the piston 

312 back and forth within the cylinder 310.

[1061] The rolling seal member 314 can be formed the same as or similar to the rolling 

seal member 214, and includes attachment beads 342 and 344 configured to attach the rolling 

seal member 314 to the cylinder 310 and piston 312, respectively, as described for rolling 

seal member 214. The rolling seal member 314 can move or roll with the movement of the 

piston 312 between a first configuration as shown in FIG. 6a, and a second configuration, as
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shown in FIG. 6b. For example, as the piston 312 is moved in the direction of arrow A, the 

rolling seal member 314 will move from a first position as shown in FIG. 6a to a second 

position as shown in FIG. 6b. In this embodiment, the attachment bead 342 is coupled to a 

top portion of the cylinder 310 and the attachment bead 344 is coupled to a bottom portion of 

the piston 312. With this configuration, the rolling seal member 314 can hang in a downward 

direction as the rolling seal member 314 moves between its first configuration (FIG. 6a) and 

second configuration (FIG. 6b) with the movement of the piston 312.

[1062] FIGS. 7a and 7b illustrate another embodiment of a compressor device. A 

compressor device 400 includes a cylinder or pressure vessel 410, a piston 412 movably 

disposed within an interior region 422 of the cylinder 410, a first rolling seal member 414 and 

a second rolling seal member 415. The rolling seal member 414 and the rolling seal member 

415 are each movably disposed within the interior region 422 between the piston 412 and an 

interior wall of the cylinder 410. The compressor device 400 can be configured to compress 

a gas, such as air, within the cylinder 410 as described above for previous embodiments.

[1063] The piston 412 divides the interior region 422 between a first interior region 428 

(e.g., see FIG. 7a) and a second interior region 430 (e.g., see FIG. 7b), and can be coupled to 

an actuator (not shown) via a piston rod 432 as described for previous embodiments. The 

actuator can be used to move the piston 412 back and forth within the interior region 422 of 

the cylinder 410. As the piston 412 moves back and forth within the interior region 422 of 

the cylinder 410, a volume of the first interior region 428 and a volume of the second interior 

region 430 will each change. For example, the piston 412 can be moved between a first 

position in which the first interior region 428 has a greater volume than a volume of the 

second interior region 430, as shown in FIG. 7a, and a second position in which the second 

interior region 430 has a greater volume than a volume of the first interior region 428 as 

shown in FIG. 7b.

[1064] The cylinder 410 includes an inlet conduit 424 (also referred to as “inlet”) and an 

outlet conduit 426 (also referred to as “outlet”) each in fluid communication with the first 

interior region 428, and an inlet conduit 460 (also referred to as “inlet”) and an outlet conduit 

462 (also referred to as “outlet”) each in fluid communication with the second interior region 

430. The inlets 424 and 460 can each be coupled to a source of gas and can communicate the 

gas to the interior region 422. The outlets 426 and 462 can each be configured to 

communicate a volume of compressed gas (e.g., air) from the interior region 422 to another
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location. For example, the outlet 426 and/or the outlet 462 can each be coupled to another 

compressor/expander device or another device configured to perform some action or work, or 

to a storage container configured to store compressed air. Valves 434 can be coupled to the 

inlets 424 and 460 and the outlets 426 and 462 and can be operated to open and close the 

fluid communication to and from the cylinder 410 as described above for previous 

embodiments.

[1065] The rolling seal member 414 and the rolling seal member 415 can each be 

configured the same as or similar to the rolling seal member 214 described above. Thus, the 

rolling seal member 414 includes a circumferential sheet portion 436 and two attachment 

rods (not shown) that form an attachment bead 442 and an attachment bead 444, and the 

rolling seal member 415 includes a circumferential sheet portion 437 and two attachment 

rods (not shown) that form an attachment bead 456 and an attachment bead 458, as described 

for rolling seal member 214. The attachment beads 442 and 456 are each used to attach the 

rolling seal member 414 and rolling seal member 415, respectively, to the wall of the cylinder 

410, and the attachment beads 444 and 458 are each used to attach the rolling seal member 

414 and rolling seal member 415, respectively, to the piston 412 as described above with 

reference to FIGS. 4 and 5. For example, the cylinder 410 can include two annular grooves 

(similar to groove 250 described above) configured to receive the attachment bead 442 of the 

rolling seal member 414 and the attachment bead 456 of rolling seal member 415. The piston 

412 can also include two annular grooves configured to receive the attachment bead 444 of 

the rolling seal member 414 and the attachment bead 458 of the rolling seal member 415.

[1066] In this embodiment, the two rolling seal members 414 and 415 define an interior 

region or space 466 between them and the piston 412. The interior region 466 can contain a 

fluid (e.g., a gas or liquid) with a pressure lower than the inlet pressure of the compressor 

device 400. For example, if the pressure of a gas, such as air, entering cylinder 410 is at or 

just below atmospheric, the interior region or space 466 between the rolling seal members 

414 and 415 can be maintained at below atmospheric pressure during actuation of the 

compressor device 400. A vacuum source 420 can be coupled to a supply line 423 that is in 

fluid communication with the space 466 via a manifold 464. For example, the manifold 464 

can include openings (not shown) in fluid communication with multiple apertures 468 

defined in the wall of the cylinder 410, which are in fluid communication with the space 466. 

The vacuum source 420 can be used to create a negative pressure within the space 466 (e.g.,
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to extract the gas (e.g., air) from the space). The maintenance of the desired pressure within 

the defined space can help prevent inversion or partial inversion of the rolling seal members 

414 and 415, and can prevent and/or reduce wear on the rolling seal members 414 and 415. 

The manifold 464 can distribute the vacuum pressure and ensure extraction of the gas (e.g., 

air) from the space 466 during actuation of the compressor device 400.

[1067] Tn this embodiment, the rolling seal member 414 and the rolling seal member 415 

can each move or roll with the movement of the piston 412 (e.g., movement back and forth or 

up and down within the cylinder 410) while maintaining a fluid-tight seal between the piston 

412 and the cylinder 410. The rolling seal member 414 and the rolling seal member 415 can 

each be moved between a first configuration in which the rolling seal member 414 and the 

rolling seal member 415 are each disposed at a first location within the cylinder 410 when the 

piston 412 is disposed in a first position or location, as shown in FIG. 7a, and a second 

configuration in which the rolling seal member 414 and the rolling seal member 415 are each 

disposed at a second location within the cylinder 410 when the piston 412 is disposed in a 

second position or location within the cylinder 410 as shown in FIG. 7b.

[1068] In use, the piston 412 can be actuated or moved within the cylinder 410 to 

compress a gas, such as air, within the cylinder 410. In this embodiment, the compressor 

device 400 is double-acting in that the piston 412 can be actuated to move or compress air 

when moving in each of the two directions in which it moves. For example, with the valve 

434 at the inlet 426 open and the valve at the outlet 426 closed, a gas (e.g., air) having a first 

pressure can be introduced into the first interior region 428 via the inlet 424. The valve 434 

at the inlet 424 can then be closed and the valve 434 at the outlet 426 can be opened. The 

piston 412 can be actuated in the direction of arrow A as shown in FIG. 7a, to move or 

compress the gas as it is moved or displaced out of the first interior region 428 and into the 

outlet conduit 426. The air moving out of the first interior region 428 will have a second 

pressure greater than the first pressure of the air when it entered the first interior region 428. 

Simultaneously, as the piston 412 moves in the direction of arrow A, the valve 434 at inlet 

460 can be open and the valve 434 at outlet 462 can be closed, such that air having a first 

pressure can be introduced or drawn into the second interior region 430 via inlet 460. The 

valve 434 at the inlet 460 can then be closed and the valve 434 at the outlet 462 can be 

opened. The piston 412 can then be actuated to move in the direction of arrow B as shown in 

FIG. 7b to move or displace the air in second interior region 430 as it is moved out of the
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second interior region 430 and into the outlet conduit 462. The air moving out of the second 

interior region 430 will have a second pressure greater than the first pressure of the air when 

it entered the second interior region 430. As the air is moved out of the second interior 

region 430, air can again be introduced into the first interior region 428 via the inlet 424. 

This cycle can continue as the piston 412 is moved back and forth within the cylinder 410.

[1069] FIGS. 8a and 8b illustrate another embodiment of a compressor device. A 

compressor device 500 includes a cylinder or pressure vessel 510, a piston 512 movably 

disposed within an interior region 522 of the cylinder 510, and a rolling seal member 570. 

The rolling seal member 570 is movably disposed within the interior region 522 between the 

piston 512 and an interior wall of the cylinder 510. The compressor device 500 can be 

configured to compress a gas, such as air, within the cylinder 510 as described above for 

previous embodiments.

[1070] The piston 512 divides the interior region 522 between a first interior region 528 

(see e.g., FIG. 8a) and a second interior region 530 (see e.g., FIG. 8b) and can be coupled to 

an actuator (not shown) via a piston rod 532 as described above for previous embodiments. 

The actuator can be used to move the piston 512 back and forth (or up and down) within the 

interior region 522 of the cylinder 510. As the piston 512 moves back and forth within the 

interior region 522 of the cylinder 510, a volume of the first interior region 528 and a volume 

of the second interior region 530 will each change. For example, the piston 512 can be 

moved between a first position in which the first interior region 528 has a greater volume 

than a volume of the second interior region 530, as shown in FIG. 8a, and a second position 

in which the second interior region 530 has a greater volume than a volume of the first 

interior region 528 as shown in FIG. 8b.

[1071] The cylinder 510 includes an inlet conduit 524 (also referred as “inlet”) and an 

outlet conduit 526 (also referred to as “outlet”) each in fluid communication with the first 

interior region 528, and an inlet conduit 560 (also referred as “inlet”) and an outlet conduit 

562 (also referred to as “outlet”) each in fluid communication with the second interior region 

530. The inlet 524 and inlet 560 can each be coupled to a source of gas and can communicate 

the gas to the interior region 522. The outlets 526 and 562 can each be configured to 

communicate a volume of compressed gas (e.g., air) from the interior region 522 to another 

location as described above for previous embodiments. Valves 534 can be coupled to the 

inlets 524 and 560 and the outlets 526 and 562 and can be operated to open and close the

19



WO 2012/078606 PCT/US2011/063498

fluid communication to and from the cylinder 510 as described above for previous 

embodiments.

[1072] In this embodiment, the rolling seal member 570 includes a circumferential sheet 

portion 536 and three attachment rods, 538, 540 and 539 as shown, for example, in FIG. 9. 

The attachment rods 538 and 540 are each disposed within a double layer or folded-over edge 

portion 548 of the sheet 536 to form attachment beads 542 and 544, respectively, as shown in 

FIGS. 9 and 10. As shown in FIG. 10, a 90 degree bend 546 is formed in the edge portion 

548 near both the attachment bead 542 and the attachment bead 544. In some embodiments, 

the double layer edge portion 548 can have a thickness of for example, about 3.8 mm. In 

some embodiments, the sheet portion 536 can have a thickness of, for example, 2.5 mm.

[1073] The rod 539 is disposed within a pocket formed by a folded portion 545 of sheet 

536 at an intermediate location on the sheet 536 to form attachment bead 543, as shown, for 

example, in FIG. 11. In some embodiments, the attachment bead 543 is located near or at a 

mid-point between rod 538 and rod 540. Two 90 degree bend portions 547 are formed near 

the folded portion 545 as shown in FIG. 11.

[1074] The sheet portion 536 can be formed, for example, with a rubber material, or other 

suitable flexible material, as described above for previous embodiments. The attachment 

rods 538, 540 and 539 can also be formed as described previously. The rolling seal member 

570 can also include reinforcement members (not shown) embedded within the material of 

the sheet portion 536. For example, one or more axial reinforcement members can extend in 

a direction of the axis A-A in FIG. 9, and/or one or more circumferential reinforcement 

members can extend in a direction of axis B-B in FIG. 9.

[1075] The attachment beads 542 and 544 are each used to attach the rolling seal member 

570 to the wall of the cylinder 510 (as shown, for example, in FIG. 10) and the attachment 

bead 543 is used to attach the rolling seal member 570 to the piston 512 (as shown, for 

example, in FIG. 11) in a similar manner as described above for previous embodiments. As 

shown in FIG. 10, the attachment bead 542 and the attachment bead 544 are each received 

within an annular groove 550 defined in an annulus portion 554 of the wall of the cylinder 

510. A radius R of the cylinder wall at the bend portion 546 and at the entrance to the groove 

550, can be for example, about 3 mm, and a width W defined between the bend portion 546 

and the groove 550 can be, for example, about 25 mm. The groove 550 can have a height H,
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for example, of about 10 mm. A bolt 552 is coupled to the annulus portion 554 of the 

cylinder 510 to clamp and hold the attachment beads 542 and 544 within groove 550. An 

interference fit on the clamping of the attachment beads 542 and 544 in the direction of a 

longitudinal axis of the bolt 552 can be provided, and the rolling seal member 570 can act as 

an o-ring to seal the clamping area. As also shown in FIG. 10, a width Wg of the rolling seal 

member 570 configured to be disposed within the gap between the piston 512 and the wall of 

the cylinder 510 can be, for example, between about 25 and 50 mm.

[1076] The rolling seal member 570 can be attached to the piston 512 in a similar manner 

as shown in FIG. 11. The attachment bead 543 is received within an annular groove 576 

defined in an interior annulus portion 578 of the piston 512. A radius R of the wall of the 

piston 512 at the bend portions 547 and at the entrance to the groove 576, can be for example, 

about 3 mm, and a width W defined between the bend portions 547 and the groove 576 can 

be, for example, about 25 mm. The groove 576 can have a height H, for example, of about 

10 mm. A bolt 552 is coupled to the annulus portion 578 to clamp and hold the attachment 

bead 543 within the groove 576. As with the cylinder 510, an interference fit on the 

clamping of the attachment bead 543 in the direction of a longitudinal axis of the bolt 552 can 

be provided, and the rolling seal member 570 can act as an o-ring to seal the clamping area.

[1077] In this embodiment, the rolling seal member 570 defines an interior region 572 

configured to receive a pressurized fluid, such as a gas or liquid, that can be pumped or 

otherwise introduced into the interior region 572 to maintain a desired shape and pressure 

within the interior region 572 of the rolling seal member 570. In some embodiments, the 

fluid can be, for example, pressurized to a pressure (e.g. 1 bar) above the maximum pressure 

of the compressor device 500. As shown in FIGS. 8a and 8b, a source or supply of 

pressurized fluid 518 can be coupled to a supply line 525 in fluid communication with the 

interior region 572 of the rolling seal member 570. As shown in FIG. 10, a passageway 580 

having a diameter D is defined through the annulus portion 554 of the cylinder 510. In some 

embodiments, the annulus portion 554 can include an insert member 555 that defines the 

passageway 580 as shown in FIG. 10. In some embodiments, the passageway 580 is defined 

through a portion of the wall of the cylinder 510. The supply line 525 can be coupled to and 

in fluid communication with the passageway 580. A valve (not shown) can be, for example, 

coupled between the interior region 572 and the source of pressurized fluid 518 and can be 

used to open or close fluid communication with the interior region 572. In some
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embodiments, the pressurized fluid is introduced into the interior region 572 and the rolling 

seal member 570 is closed such that there is no flow of the pressurized fluid in or out of the 

rolling seal member 570 once it is closed. In some embodiments, a flow of pressurized fluid 

is provided within the interior region 572 of the rolling seal member 570. In some 

embodiments, the rolling seal member 570 can include a mechanism to allow a small amount 

of the pressurized fluid to escape or leak from the rolling seal member 570.

[1078] As with previous embodiments, the rolling seal member 570 can move or roll with 

the movement of the piston 512 and maintain a fluid-tight seal between the piston 512 and the 

cylinder 510. The rolling seal member 570 can be moved between a first configuration in 

which the rolling seal member 570 is disposed at a first location within the cylinder 510 when 

the piston 512 is disposed in a first position or location within the cylinder 510 as shown in 

FIG. 8a, and a second configuration in which the rolling seal member 570 is disposed at a 

second location within the cylinder 510 when the piston 512 is disposed in a second position 

or location within the cylinder 510 as shown in FIG. 8b.

[1079] In use, the piston 512 can be actuated or moved within the cylinder 510 to 

compress a gas, such as air, within the cylinder 510. In this embodiment, the compressor 

device 500 is double-acting in that the piston 512 can be actuated to move or compress air in 

two directions. As described above for the compressor 400, with the valve 534 at the inlet 

524 open and the valve 534 at the outlet 526 closed, a gas (e.g., air) having a first pressure 

can be introduced into the first interior region 528 via the inlet 524. The valve 534 at the 

inlet 524 can then be closed and the valve 534 at the outlet 526 can be opened. The piston 

512 can be actuated in the direction of arrow A as shown in FIG. 8a, to move or displace the 

gas out of he first interior region 528 and into the outlet 526. The air moving out of the first 

interior region 528 will have a second pressure greater than the first pressure of the air when 

it entered the first interior region 528. Simultaneously, as the piston 512 moves in the 

direction of arrow A, the valve 534 at inlet 560 can be open and the valve 534 at outlet 562 

can be closed, such that air having a first pressure can be introduced or drawn into the second 

interior region 530 via inlet 560. The valve 534 at the inlet 560 can then be closed and the 

valve 534 at the outlet 562 can be opened. The piston 512 can then be actuated to move in 

the direction of arrow B as shown in FIG. 8b to move or compress the air in second interior 

region 530 as it is moved out of the second interior region 530 and into the outlet conduit 

562. The air moving out of the second interior region 530 will have a second pressure greater
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than the first pressure of the air when it entered the second interior region 530. As the air is 

moved out of the second interior region 530, air can be introduced into the first interior 

region 528 via the inlet 524. This cycle can continue as the piston 512 is moved back and 

forth within the cylinder 510.

[1080] In alternative embodiments, a rolling seal member can be provided that is 

configured or formed as an enclosed bag as shown in FIG. 12. In this embodiment, a rolling 

seal member 670 includes a circumferential sheet portion 636 that defines an enclosed 

interior region 672, an attachment bead 642 and an attachment bead 644. The sheet 636 can 

be formed with similar materials and configured similar to the rolling seal members described 

herein (e.g., 114, 214, 314, 414, 415, 570). The attachment beads 642 and 644 can each be 

configured similar to, for example, the attachment bead 543 described above. For example, 

the sheet portion 636 can have a folded portion 545 surrounding a rod 638 and a folded 

portion 649 over a rod 640. The rolling seal member 670 can be coupled to a piston and to a 

cylinder using the attachment beads 642 and 644 as described, for example, for attachment 

bead 543.

[1081] FIGS. 13-18 illustrate a portion of an embodiment of a compressor device that 

includes a rolling seal member that is formed as an enclosed bag that defines an interior 

region. A compressor device 700 includes a cylinder or pressure vessel 710, a piston 712 

movably disposed within an interior region 722 of the cylinder 710, and a rolling seal 

member 770 (see, e.g., FIGS. 14 and 15). The rolling seal member 770 is movably disposed 

within the interior region 722 between the piston 712 and an interior wall of the cylinder 710. 

The compressor device 700 can be configured to compress a gas, such as air, within the 

cylinder 710 as described above for previous embodiments. Although not shown in FIGS. 

13-18, the compressor device 700 can also include one or more inlet ports and one or more 

outlet ports as described above for previous embodiments.

[1082] As shown in FIGS. 14 and 15, the rolling seal member 770 includes a 

circumferential or circular sheet 736 that that defines an interior region 772 (as shown in FIG. 

14). The interior region 772 can be configured to receive a fluid (e.g., a gas or liquid) as 

described above for previous embodiments. In some embodiments, the interior region 772 

can receive a pressurized fluid. In this embodiment, the rolling seal member 770 includes 

multiple pins 790 disposed about an exterior surface of the circumferential sheet portion 736 

that can be used to couple the rolling seal member 770 to the cylinder 710. The pins 790 can
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be coupled to the sheet portion 736 or embedded or molded within the material of the sheet 

portion 736, or formed integrally or monolithically with the sheet portion 736. The rolling 

seal member 770 also includes an interior rib member 792 that can be used to couple the 

rolling seal member 770 to the piston 712.

[1083] As shown in FIGS. 16 and 17, the cylinder 710 includes multiple openings 794 

defined through a wall 795 of the cylinder 710, and protrusions 796 that extend outward from 

the wall 795 as shown in more detail in FIG. 17. The protrusions 796 each define a passage 

or lumen 797 that is in fluid communication with the corresponding openings 794. As shown 

in FIG. 16, the openings 794 are disposed circumferentially around the cylinder wall 795 at 

locations configured to correspond to the circumferentially disposed pins 790 of the rolling 

seal member 770, such that the pins 790 of the rolling seal member 770 can be received 

through the openings 794 and the passages 797 of the protrusions 796. The pins 790 can be 

coupled thereto with a friction fit to the protrusions 796. In alternative embodiments, the 

cylinder 710 does not include protrusions 796. In such an embodiment, the cylinder 710 can 

define openings through a wall of the cylinder 710 and the pins 790 can be received 

therethrough, and a nut or other mechanism can be used to secure the pins 790 to the cylinder 

710.

[1084] As shown in FIG. 18, the piston 712 includes a circumferential groove 798 

defined in an outer wall portion of the piston 712 that can receive therein the rib 792 of the 

rolling seal member 770. Thus, as shown in FIG. 14, the rolling seal member 770 can be 

disposed between the piston 712 and the cylinder 710. During actuation of the compressor 

device 700, as the piston 712 moves relative to the cylinder 710, the rolling seal member 770 

can move with the piston 712.

[1085] FIG. 19 illustrates a portion of an embodiment of a compressor device 800 that 

includes a rolling seal member 870 that is formed as an enclosed bag defining an interior 

region 872 similar to the rolling seal member 770. In this embodiment, the rolling seal 

member 870 can include multiple pins 890 that can extend through corresponding openings 

894 of the cylinder 810 (only one pin 890 and opening 894 are shown in FIG. 19) and the 

pins 890 include a threaded portion that can be secured with a nut 891 on the outside of the 

cylinder 810. The rolling seal member 870 also includes a rib member 892 that can be 

coupled within a groove 898 defined in an outer wall portion of a piston 812 in a similar 

manner as described above for rolling seal member 770.
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[1086] FIG. 20 illustrates a portion of another embodiment of a compressor device 900 

that includes a rolling seal member 970 that is formed as an enclosed bag defining an interior 

region 972 similar to the rolling seal members 770 and 870. The interior region 972 can 

receive therein a fluid as described above. In this embodiment, the rolling seal member 970 

can include a rib 993 configured to be received within a groove 995 defined in a wall of a 

cylinder 910 and a rib 992 configured to be received within a groove 998 defined in a piston 

912.

[1087] FIG. 21 illustrates a portion of another embodiment of a compressor device 1000 

that includes a rolling seal member 1070 that is formed as an enclosed bag defining an 

interior region 1072 similar to the rolling seal members 770, 870 and 970. The interior 

region 1072 can receive therein a fluid as described above. In this embodiment, the rolling 

seal member 1070 can include a first rib 1093 that has a dovetail shape configured to be 

received within a mating dovetail shaped groove 1095 defined in a wall of a cylinder 1010. 

The rolling seal member 1070 can also include a second rib (not shown) that can be received 

within a mating groove (not shown) defined in a piston 1012. The second rib can be dovetail 

shaped as with the rib 1093 or can be shaped similar to the ribs 993 and 992, or can have 

another shape not shown.

[1088] FIG. 22 illustrates a portion of another alternative embodiment of a compressor 

device 1100 that includes a rolling seal member 1170 that is formed as an enclosed bag 

defining an interior region 1172. The interior region 1172 can receive therein a fluid as 

described above. In this embodiment, the rolling seal member 1170 includes a rib 1193 that 

can be received within a groove 1195 defined along an interior wall of a cylinder 1110 and a 

valve pin 1187 that can be inserted through an opening defined through the wall of the 

cylinder 1110. The valve pin 1187 can be used to inflate the interior region 1172 of the 

rolling seal member 1170 with a fluid, such as a gas or a liquid. In some embodiments, the 

valve pin 1187 can be used to inflate the rolling seal member 1170 with air. The valve pin 

1187 can include, for example, a one way valve, or a valve that can be opened and closed, to 

allow for inflation of a fluid into the interior region 1172. The rolling seal member 1170 can 

also include an attachment mechanism (not shown) used to couple the rolling seal member 

1170 to a piston (not shown) as described above for previous embodiments. A cap (not 

shown can be included to cover the end of the valve pin 1187.
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[1089] In this embodiment, the rolling seal member 1170 also includes a strengthening 

member 1191 disposed on an inside wall portion of the rolling seal member 1170. The 

strengthening member 1191 can be, for example a strap that extends across the interior 

diameter of the rolling seal member 1170. in some embodiments, the strengthening member 

1191 can be a single or separate insert disposed within the rolling seal member 1170 at each 

of the regions where there is a valve pin 1187.

[1090] The compressor devices (e.g., 100, 200, 300, 400, 500, 700) described herein can 

be used for a variety of different functions. In one example use, a compressor device as 

described herein can be used within a compressed air energy storage (CAES) system as 

described, for example, in the Compressor and/or Expander Device applications incorporated 

by reference above. The compressor devices (e.g., 100, 200, 300, 400, 500, 700) described 

herein can also be configured to expand a gas (e.g., air). The below example illustrates a two 

stage compression/expansion system that includes a compressor device as described herein. 

It should be understood, however, that the compressor devices described herein can be used 

in a variety of different types of CAES systems having any number of compression and 

expansion stages.

[1091] FIG. 23 is a schematic illustration of a CAES system that includes a compressor 

device as described herein. The CAES system 1275 includes compressor/expander devices 

arranged in series to create multi-stages of compression and expansion of gas (e.g., air). The 

first stage includes a compressor/expander device 1200 and a compressor/expander device 

1200’, and the second stage includes a compressor/expander device 1282.

[1092] The compressor/expander device 1200 and the compressor/expander device 1200’ 

can each be double-acting and configured similar to or the same as, for example, compressor 

device 400 or compressor device 500 described herein. The compressor/expander device 

1200 can be coupled to an actuator 1216, and the compressor/expander device 1200’ can be 

coupled to an actuator 1216’. The actuator 1216 and the actuator 1216’ can each be 

configured to actuate a piston (not shown) disposed within a cylinder or pressure vessel (not 

shown) of the compressor/expander devices 1200 and 1200’, respectively, to move the 

pistons back and forth within the cylinders, as described above with reference to previous 

embodiment. In some embodiments, a single actuator (e.g., 1216 or 1216’) can be used to 

actuate both compressor/expander devices 1200 and 1200’ simultaneously.
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[1093] The compressor/expander device 1282 can include a first pressure vessel 1284 and 

a second pressure vessel 1286, connected in fluid communication to a hydraulic actuator 

1288, as described in the Compressor and/or Expander Device applications incorporated by 

reference above. In other configurations, there could be one, three, four, or more pressure 

vessels in each stage. The hydraulic actuator 1288 can include a water pump (not shown) 

that drives a hydraulically driven piston (not shown) disposed within a housing (not shown) 

and can be driven with one or more hydraulic pumps (not shown) to alternately reduce and 

then increase the internal air volume within the first pressure vessel 1284 of the 

compressor/expander device 1282 (with an equivalent, but opposite increase and reduction of 

air volume in the second pressure vessel 1286 of the compressor/expander device 1282). 

Each of the pressure vessels 1282 and 1284 are at least partially filled with a liquid, such as 

water, that is moved by the actuator 1288 to alternately compress and drive air from the 

volume of each of the pressure vessels, when operated in a compression mode, or to be 

moved by compressed air received in either of the pressure vessels when operated in an 

expansion mode.

[1094] Each of the compressor/expander device 1200 and 1200’ can be coupled to a 

source of air and the compressor/expander device 1282 can be fluidly coupled to a storage 

structure 1277. In use, to compress air for storage, air can enter the CAES system 1275 at the 

first stage, be compressed and moved to the second stage for further compression before 

being moved to the storage structure 1277. During the compression process, heat can be 

removed from the air by various heat removal or transfer methods, as described, for example, 

in the Compressor and/or Expander Device applications incorporated herein. At a subsequent 

time, compressed air may be released from the storage structure 1277 and expanded through 

the second stage, moved to the first stage where it is further expanded, and eventually 

provided to, for example, an actuator (not shown) that drives a motor/altemator (not shown) 

to produce electricity. Heat at a relatively low temperature (e.g., between for example, about 

10° C and about 50° C) may be added to the air during expansion to increase the power 

generated during the expansion process.

[1095] More specifically, air can be drawn into a first interior region of a cylinder of the

compressor/expander device 1200, while simultaneously air within the second internal region

of the cylinder of the compressor/expander device 1200 is compressed as described herein.

The compressed air is moved to the first pressure vessel 1284 of the compressor/expander
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device 1282 where it is further compressed before being transferred to the storage structure 

1277. Similarly, air can be drawn into a first interior region of the compressor/expander 

device 1200’, while simultaneously air within the second internal region of the 

compressor/expander device 1200’ is compressed as described herein. The 

compressor/expander devices 1200 and 1200’ can be configured to work in cooperation with 

the alternating compression cycles of the first pressure vessel 1284 and the second pressure 

vessel 1286 of the compressor/expander device 1282. The process can work in reverse to 

expand compressed air from the storage structure 1277 as described above.

[1096] While various embodiments of the invention have been described above, it should 

be understood that they have been presented by way of example only, and not limitation. 

Where methods and steps described above indicate certain events occurring in certain order, 

those of ordinary skill in the art having the benefit of this disclosure would recognize that the 

ordering of certain steps may be modified and that such modifications are in accordance with 

the variations of the invention. Additionally, certain of the steps may be performed 

concurrently in a parallel process when possible, as well as performed sequentially as 

described above. The embodiments have been particularly shown and described, but it will 

be understood that various changes in form and details may be made.

[1097] For example, although various embodiments have been described as having 

particular features and/or combinations of components, other embodiments are possible 

having any combination or sub-combination of any features and/or components from any of 

the embodiments described herein. For example, although certain embodiments of a rolling 

seal member were shown and described with respect to a single-acting or a double-acting 

compressor device, it should be understood that the various embodiments of a rolling seal 

member may be used in either a single-acting or a double-acting compressor device.

[1098] In another example, any of the attachment methods for attaching a rolling seal 

member to a piston and/or a cylinder described herein can be used in any embodiment of a 

compressor device to attach the rolling seal member to either or both of the piston and 

cylinder. For example, a rolling seal member can include any combination of attachment 

methods to couple the rolling seal member to a piston and cylinder of a compressor device. 

In some embodiments, the same attachment method can be used for both the piston and the 

cylinder (e.g., a rib and groove). In some embodiments, different attachment methods can be 

used (e.g., a rib and groove and a pin through an opening). The specific configurations of the
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various components can also be varied. For example, the size and specific shape of the 

various components can be different than the embodiments shown, while still providing the 

functions as described herein.
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5 What is claimed is:

1. An apparatus suitable for use in a compressed-gas-based energy storage and 

recovery system, the apparatus comprising:

a pressure vessel defining an interior region in which at least one of a liquid and a 

gas can be contained;

a piston movably disposed within the interior region of the pressure vessel, the 

piston dividing the interior region into a first interior region on a first side of the piston and 

a second interior region on a second, opposite side of the piston, each of the first and 

second interior regions including a fluid inlet and a fluid outlet; and

a seal member comprising a rib, the seal member attached to the piston by the rib 

and a mating groove defined in an outer wall of the piston and attached to the pressure 

vessel at a first end and a second end of the seal member, the seal member configured to 

move between a first configuration in which at least a portion of the seal member is 

disposed at a first position within the pressure vessel when the piston is in its first position, 

and a second configuration in which the at least a portion of the seal member is disposed at 

a second position within the pressure vessel when the piston is in its second position.

2. The apparatus of claim 1, wherein the piston is configured to move in a first 

direction within the pressure vessel such that gas is received in the first interior region at a 

first pressure and gas is discharged from the second interior region at a second pressure, 

and a second direction opposite the first direction such that the gas in the first interior 

region is discharged from the first interior region at a third pressure and gas is received 

within the second interior region at a fourth pressure, the third pressure being greater than 

the first pressure and the second pressure being greater than the fourth pressure.

3. The apparatus of claim 1, wherein the seal member defines a seal interior region 

configured to receive a fluid.

4. The apparatus of claim 3, further comprising:

a conduit coupled to and in fluid communication with the seal interior region and

configured to communicate pressurized fluid to the seal interior region.
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5 5. The apparatus of claim 1, wherein the seal member is a first seal member, the 

apparatus further comprising:

a second seal member attached to the piston and attached to the pressure vessel, the 

second seal member configured to move between a first configuration in which at least a 

portion of the second seal member is disposed at a first position within the pressure vessel 

when the piston is in its first position, and a second configuration in which the at least a 

portion of the second seal member is disposed at a second position within the pressure 

vessel when the piston is in its second position.

6. The apparatus of claim 5, wherein the first seal member, the second seal member 

and the piston collectively define a seal interior region.

7. The apparatus of claim 6, further comprising: 

a vacuum source; and

a manifold coupled to the vacuum source and coupled to and in fluid 

communication with the seal interior region, the vacuum source configured to create a 

vacuum in the seal interior region.

8. An apparatus suitable for use in a compressed-gas-based energy storage and 

recovery system, the apparatus comprising:

a pressure vessel defining an interior region in which at least one of a liquid and a 

gas can be contained;

a piston movably disposed within the interior region of the pressure vessel, the 

piston being movable between a first position and a second position within the interior 

region of the pressure vessel; and

a seal member comprising a rod forming a bead, the seal member attached to the 

piston and attached to the pressure vessel by clamping the bead thereto, the seal member 

defining a seal interior region configured to contain a pressurized fluid, the seal member 

configured to move between a first configuration in which at least a portion of the seal 

member is disposed at a first position within the pressure vessel when the piston is in its 

first position, and a second configuration in which the at least a portion of the seal member 

is disposed at a second position within the pressure vessel when the piston is in its second 

position.
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9. The apparatus of claim 8, wherein the piston divides the interior region into a first 

interior region on a first side of the piston and a second interior region on a second opposite 

side of the piston,

the piston being configured to move in a first direction within the pressure vessel 

such that gas is received in the first interior region at a first pressure and gas is discharged 

from the second interior region at a second pressure, and a second direction opposite the 

first direction such that the gas in the first interior region is discharged from the first 

interior region at a third pressure and gas is received within the second interior region at a 

fourth pressure, the third pressure being greater than the first pressure and the second 

pressure being greater than the fourth pressure.

10. The apparatus of claim 8, wherein the piston divides the interior region into a first 

interior region on a first side of the piston and a second interior region on a second opposite 

side of the piston,

when the piston is in its first position gas having a first pressure is disposed within 

the first interior region and the first interior region has a volume greater than a volume of 

the second interior region, and when the piston is in its second position gas having a second 

pressure is disposed within the second interior region and the second interior region has a 

volume greater than a volume of the first interior region.

11. The apparatus of claim 8, further comprising:

a conduit coupled to and in fluid communication with the seal interior region and 

configured to communicate the pressurized fluid to the seal interior region.

12. The apparatus of claim 8, wherein the seal member is formed as an enclosed bag to 

contain the pressurized fluid.

13. An apparatus, comprising:

a pressure vessel defining an interior region in which at least one of a liquid and a

gas can be contained;
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5 a piston movably disposed within the interior region of the pressure vessel, the 

piston being movable between a first position and a second position within the interior 

region of the pressure vessel; and

a seal member having a first end portion, a second end portion, and an intermediate 

portion, the first end portion and the second end portion coupled to the pressure vessel and 

the intermediate portion coupled to the piston, the seal member configured to move 

between a first configuration in which at least a portion of the seal member is disposed at a 

first position within the pressure vessel when the piston is in its first position, and a second 

configuration in which the at least a portion of the seal member is disposed at a second 

position within the pressure vessel when the piston is in its second position, wherein the 

seal member includes a first plurality of reinforcement members embedded in a flexible 

rubber material.

14. The apparatus of claim 13, wherein the piston divides the interior region into a first 

interior region on a first side of the piston and a second interior region on a second opposite 

side of the piston,

the piston being configured to move in a first direction within the pressure vessel 

such that gas is received in the first interior region at a first pressure and gas is discharged 

from the second interior region at a second pressure, and a second direction opposite the 

first direction such that the gas in the first interior region is discharged from the first 

interior region at a third pressure and gas is received within the second interior region at a 

fourth pressure, the third pressure being greater than the first pressure and the second 

pressure being greater than the fourth pressure.

15. The apparatus of claim 13, wherein the seal member includes a first seal member 

and a second seal member, the first seal member being joinable to the second seal member 

to form the intermediate portion.

16. The apparatus of claim 13, wherein the first plurality of reinforcement members 

extend in a first direction, the seal member further including a second plurality of 

reinforcement members embedded in the rubber material and extending in a second 

direction transverse to the first direction.
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5 17. An apparatus suitable for use in a compressed-gas-based energy storage and 

recovery system, the apparatus comprising:

a pressure vessel defining an interior region in which at least one of a liquid and a 

gas can be contained;

a piston movably disposed within the interior region of the pressure vessel, the 

piston being movable between a first position and a second position within the interior 

region of the pressure vessel; and

a seal member having a first portion coupled to the piston and a second portion 

coupled to the pressure vessel such that at least a portion of the seal member is disposed 

between the pressure vessel and the piston, the seal member defining a seal interior region 

and having a cross-section defining a closed loop, the seal member including a valve pin 

configured to be received within an opening defined in the pressure vessel, the valve pin 

configured to inflate the interior region of the seal member with a fluid,

the first portion of the seal member configured to move relative to the cylinder 

when the piston moves between its first position and its second position.

18. The apparatus of claim 17, wherein the seal member includes multiple pins 

configured to be received within openings defined by the pressure vessel.

19. The apparatus of claim 17, wherein the seal member includes a rib member 

configured to be received within a groove defined in the piston.

20. The apparatus of claim 17, wherein the seal member includes a first rib and a 

second rib, the first rib configured to be received within a groove defined in an interior wall 

of the pressure vessel, the second rib configured to be received within groove defined in an 

outer wall of the piston.
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