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(54) A MODULAR PRESSURE VESSEL

(67)  Theinventionrelates toa modular pressure ves-
sel comprising a center section having a rounded, longi-
tudinal sidewall, the sidewall defining a longitudinal axis
and extending from a first opening at a first end of the
center section to a second opening at a second end of
the center section that is opposite the first end,

a first cap configured to removably attach to the first end
of the vessel;

a second cap configured to removably attach to the sec-

Fig. 3

ond end of the vessel; and

a third cap configured to divide the cavity of the vessel
into two separate compartments,

wherein the first compartment comprises a compressor
with means to control it, as well as means for conditioning
the compressed media; and the cavity of the second com-
partment is configured to store therein a pressurized me-
dium.
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Description
BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD

[0001] The invention relates to a modular pressure
vessel comprising a center section having a rounded,
longitudinal sidewall, the sidewall defining a longitudinal
axis and extending from a first opening at a first end of
the center section to a second opening at a second end
of the center section that is opposite the first end,

a first cap configured to removably attach to the first
end of the vessel;

a second cap configured to removably attach to the
second end of the vessel; and

a third cap configured to divide the cavity of the ves-
sel into two separate compartments,

wherein the first compartment comprises a compressor
with means to controlit, as well as means for conditioning
the compressed media; and the cavity ofthe second com-
partment is configured to store therein a pressurized me-
dium.

2. BACKGROUND INFORMATION

[0002] Pressure vessels contain pressurized fluid,
such as air. By "pressurized" it is meant the pressure
inside the vesselis greater than the ambient atmospheric
pressure. Pressure vessels have many applications,
such as in automotive air suspension systems, for port-
able air supply systems, industrial air tanks, and others.
Typical pressure vessels are limited in their capability,
where a given vessel structure is suited for only one spe-
cificapplication and cannot be easily changed or expand-
ed for other applications. Existing pressure vessels re-
quire complex manufacturing methods and produce un-
reliable and non-durable fluid retaining structures. Re-
pairs thereto often are required, which are expensive and
labor-intensive.

[0003] The US patent US 10,436,386 B2 describes a
modular pressure vessel consisting of an extruded center
section with two end caps, which creates a space for
storing a pressurized fluid and containing a rail system
for mounting technical components, like a compressor
for instance, within the vessel.

[0004] Mounting the compressor within a pressurized
atmosphere as suggested by US 10,436,386 B2 causes
reduces the lifetime of said compressor. This problem is
due to the lack of media exchange with the atmosphere
as well as humidity accumulation within the vessel due
to the compression of the media. This humidity accumu-
lation results in corrosion of the compressor head and
ultimately leads to the failure of the device.

[0005] The problem underlying the present invention
was to provide a modular pressure vessel which does
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not suffer from the disadvantages of those suggested by
the art.

[0006] This problem has been solved according to the
present invention by a modular pressure vessel, in which
the compressor is outside of the space, in which the pres-
surized fluid is stored.

BRIEF SUMMARY OF THE INVENTION

[0007] Accordingly, the invention relates to a modular
pressure vessel comprising a center section having a
rounded, longitudinal sidewall, the sidewall defining a
longitudinal axis and extending from a first opening at a
first end of the center section to a second opening at a
second end of the center section that is opposite the first
end,

a first cap configured to removably attach to the first
end of the vessel;

a second cap configured to removably attach to the
other end of the vessel; and

a third cap configured to divide the cavity of the ves-
sel into two separate compartments;

wherein the first compartment, which is formed by the
rounded, longitudinal sidewall, the second cap and the
third cap, comprises a compressor with the components
necessary todrive it, and means for conditioning the com-
pressed media; and

the cavity of the second compartment, which is formed
by the rounded, longitudinal sidewall, the first cap and
the third cap, is configured to store therein a pressurized
medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings illustrate embod-
iments of the invention, and, together with specification,
including the general description above and the detailed
description, which follows, explain the features of the
present invention.

Figure 1 is a perspective view of the outside of an
embodiment of a modular pressure vessel according
to the invention.

Figure 2 is an exploded view of the center section
and the end caps of a modular pressure vessel ac-
cording to the invention.

Figure 3 is a cut view of an embodiment of a modular
pressure vessel according to the invention, which
shows the position of the caps and the compart-
ments.

Figure 4 shows the geometry of the extrusion of the
center section of an embodiment of a modular pres-
sure vessel according to the invention.

Figure 5 shows the center section of an embodiment
of a modular pressure vessel according to the inven-
tion after mechanical processing.
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Figure 6 shows the end cap of the pressurized com-
partment.

Figure 7 shows the center divider, splitting the mod-
ular pressure vessel according to the invention into
two compartments.

Figure 8 shows the basic structure of the first com-
partment of modular pressure vessel according to
the invention while hiding the center section.
Figure 9 shows the basic internal structure of a mod-
ular pressure vessel, while hiding the center section,
highlighting the position of the pressure sensor.
Figure 10 shows an alternative embodiment of the
compressor mounted within the second compart-
ment.

DETAILED DESCRIPTION OF CERTAIN ILLUSTRA-
TIVE EMBODIMENTS

[0009] With respect to the use of substantially any plu-
ral and/or singular terms herein, those having skill in the
art may translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the
context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake
of clarity.

[0010] It will be understood by those within the art that,
in general, terms used herein are generally intended as
"open" terms (e.g., the term "including" should be inter-
preted as "including but not limited to," the term "having"
should be interpreted as "having at least," the term "in-
cludes" should be interpreted as "includes but is not lim-
ited to," etc.). It will be further understood by those within
the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly re-
cited in the claim, and in the absence of such recitation
no such intent is present. For example, as an aid to un-
derstanding, the following appended claims may contain
usage of the introductory phrases "atleast one" and "one
or more" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite ar-
ticles "a" or "an" limits any particular claim containing
such introduced claim recitation to embodiments contain-
ing only one such recitation, even when the same claim
includes the introductory phrases "one or more" or "at
least one" and indefinite articles such as "a" or "an" (e.g.,
"a" and/or "an" should typically be interpreted to mean
"at least one" or "one or more"); the same holds true for
the use of definite articles used to introduce claim reci-
tations. In addition, even if a specific number of an intro-
duced claim recitation is explicitly recited, those skilled
in the art will recognize that such recitation should typi-
cally be interpreted to mean at least the recited number
(e.g., the bare recitation of "two recitations," without other
modifiers, typically means at least two recitations, or two
or more recitations). Furthermore, in those instances
where a convention analogous to "at least one of A, B,
and C, etc." is used, in general such a construction is
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intended in the sense one having skill in the art would
understand the convention (e.g., "a system having at
least one of A, B, and C" would include but not be limited
to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A,
B, and C together, etc.). In those instances where a con-
vention analogous to "at least one of A, B, or C, etc." is
used, in general such a construction is intended in the
sense one having skill in the art would understand the
convention (e.g., "a system having at least one of A, B,
or C" would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and
Ctogether, B and C together, and/or A, B, and C together,
etc.). It will be further understood by those within the art
that virtually any disjunctive word and/or phrase present-
ing two or more alternative terms, whetherin the descrip-
tion, claims, or drawings, should be understood to con-
template the possibilities of including one of the terms,
either of the terms, or both terms. For example, the
phrase "A or B" will be understood to include the possi-
bilities of "A" or "B" or "A and B."

[0011] All references cited herein are incorporated
herein by reference in their entirety. To the extent publi-
cations and patents or patent applications incorporated
by reference contradict the disclosure contained in the
specification, the specification is intended to supersede
and/or take precedence over any such contradictory ma-
terial.

[0012] The term "comprising" as used herein is synon-
ymous with "including," "containing," or "characterized
by," and is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps.

[0013] All numbers expressing quantities of ingredi-
ents, reaction conditions, and so forth used in the spec-
ification and claims are to be understood as being mod-
ified in all instances by the term "about." Accordingly,
unless indicated to the contrary, the numerical parame-
ters set forth in the specification and attached claims are
approximations that may vary depending upon the de-
sired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter should be con-
strued in light of the number of significant digits and or-
dinary rounding approaches.

[0014] The following detailed description is directed to
certain specific embodiments of the invention. In this de-
scription, reference is made to the drawings wherein like
parts or steps may be designated with like numerals
throughout for clarity. Reference in this specification to
"one embodiment," "an embodiment," or "in some em-
bodiments" means that a particular feature, structure, or
characteristic described in connection with the embodi-
ment is included in at least one embodiment of the in-
vention. The appearances of the phrases "one embodi-
ment," "an embodiment," or "in some embodiments" in
various places in the specification are not necessarily all
referring to the same embodiment, nor are separate or
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alternative embodiments necessarily mutually exclusive
of other embodiments. Moreover, various features are
described which may be exhibited by some embodiments
and not by others. Similarly, various requirements are
described which may be requirements for some embod-
iments but may not be requirements for other embodi-
ments.

[0015] Embodiments of the invention will now be de-
scribed with reference to the accompanying figures,
wherein like numerals refer to like elements throughout.
The terminology used in the description presented herein
is not intended to be interpreted in any limited or restric-
tive manner, simply because it is being utilized in con-
junction with a detailed description of certain specific em-
bodiments of the invention. Furthermore, embodiments
of the invention may include several novel features, no
single one of which is solely responsible for its desirable
attributes or which is essential to practicing the invention
described herein.

[0016] The present disclosure generally relates to a
modular pressure vessel having two separate compart-
ments. In some embodiments, the modular pressure ves-
sel comprises the following features:

(A) A modular pressure vessel according to the in-
vention, wherein the internal pressure of the second
compartment is from 12 to 20 bar, preferably from
14 to 19 bar, in particular from 16 to 18 bar.

(B) A modular pressure vessel according to the in-
vention, wherein the wherein the first compartment
comprises a compressor, a pressure regulating
valve, an electronic control unit, which controls the
compressor, monitors its temperature and the pres-
sure within the second compartment.

(C) A modular pressure vessel of according to the
invention, wherein the compressor is mounted on
one or more, preferably one, two, three or four fas-
tening elements, which are decoupled from the cent-
er section and the caps. These fastening elements
are preferably flexible metal sheets, which absorb
the vibration generated by the compressor and
thereby reduce the noise during operation of the
compressor.

(D) A modular pressure vessel according to the in-
vention, wherein the first compartment comprises a
pressure regulating valve, which reduces the outgo-
ing pressure to a maximum pressure of 12 bar.

(E) A modular pressure vessel according to the in-
vention, wherein the pressurized medium is pressu-
rized air or a pressurized fluid.

(F) A modular pressure vessel according to the in-
vention, wherein the three caps are centered and
guided within the center section using an O-ring.
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(G) A modular pressure vessel according to the in-
vention, wherein the second compartment is sealed
using a profiled seal between the caps and the ma-
chined surfaces of the center section.

(H) A modular pressure vessel according to the in-
vention, wherein the central section has one or more
holes along its longitudinal axis in order to guide one
or more threaded rods through it, in order to attach
the second cap of the pressurized compartment to
the third cap.

(1) A modular pressure vessel according to the in-
vention, wherein the compressor is mounted within
the first compartment with the aid of threaded rods.

(J) A modular pressure vessel according to the in-
vention, wherein the first compartment comprises
ventilation slots.

(K) A modular pressure vessel according to the in-
vention, wherein the first compartment comprises
ventilation slots, to which a fan is mounted to force
airexchange between the ambient and the first com-
partment.

(L) A modular pressure vessel according to the in-
vention, wherein the second cap comprises an outlet
for the pressurized media.

(M) A modular pressure vessel according to the in-
vention, wherein the center section of the vessel is
an extruded metal profile

(N) A modular pressure vessel according to the in-
vention, wherein center section of the vessel is an
extruded aluminum profile.

[0017] Fig. 1 shows a modular pressure vessel (1),
compromising a center section (2), two end caps (3, 4)
and a divider cap (7) in the center, which is visible in Fig.
3. As shown in Fig. 3 the divider cap (7) splits the vessel
into two compartments (5 ,6), of which the first one (6) is
housing a compressor (8) and related components, as
well as a pressure reduction valve (10). The second com-
partment (5) is used to store pressurized air.

[0018] The center section (2) of the vessel consists of
an extruded aluminum profile, which has four holes along
its longitudinal axis to guide threaded rods (11) through
it. These threaded rods (11) are used to attach the end
cap of the pressurized compartment (4) to the divider cap
(7). In addition to that, the threaded rods (11) are used
as guides for mounting the compressor (8) within the first
compartment (6).

[0019] The extruded center section (2) is mechanical
processed to remove the longitudinal holes in the length
of the first compartment (6), to ensure enough space for
the compressor and for ease of mounting the divider cap
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(7). All caps are centered and guided within the center
section using an O-Ring. The pressure compartment is
sealed using a profiled seal between the caps and the
machined surfaces of the center section.

[0020] Fig. 8 shows the layout of the compartment (6)
housing, the compressor (8) and related components.
As shown in Figure 10 the compressor (8) is mounted to
two metal sheets (12), which are decoupled from the
center section and the caps. This decoupling (13) is re-
ducing the overall noise level when the compressor is
running. The outlet port of the compressor (8) is connect-
ed to the second compartment (5), so the sucked in air
is compressed into the pressurized compartment (5). Fig.
9 shows that pressure sensor (14) is mounted to the di-
viding cap (7) to measure the pressure inside the pres-
surized compartment (5). Depending on the pressure
within the pressurized compartment (5) and the temper-
ature of the compressor (8), the compressor (8) is either
switched on or off by the internal control unit. A fan can
be mounted to the ventilation slots which are machined
into the center section (2) to force air exchange between
the ambient and the first compartment. The airflow is of
additional use to cool the compressor (8). Ventilation
openings can also be added to the cap of the first com-
partment (3), which also includes the electrical connec-
tions as well as the compressed media output. Running
the compressor (8) at ambient pressure and with con-
stant exchange of air between the ambient and the com-
partment (6) assures, that there will not be excess hu-
midity accumulating within the compressor (8). In addi-
tion to that, it is not necessary to decompress the com-
pressors (8) head in order to run it, which leads in less
mechanical stress for the parts. All in all, the lifetime of
the compressor (8) can be vastly increased, and the com-
pressor (8) can be run to its specifications.

[0021] Splitting the pressure vessel (1) into a pressu-
rized (5) and a not pressurized compartment (6) results
into aloss of volume to store compressed air in. To make
up for that loss, the internal pressure of the vessel (1)
may be increased up to 18 bar, which results in a near
equalization of the product of pressure and volume. This
means, that nearly the same amount of media can be
stored within the vessel (1). Furthermore, when increas-
ing the overall size of the vessel (1), the product of pres-
sure and volume increases at a rate of around 30% great-
er than current implementations of the state of the art.
[0022] Because most of pneumatic peripherals are de-
signed to operate at a maximum pressure of 12 bar to
13,79 bar (200 psi), a pressure reduction valve (10) is
added to the device within the first compartment (6). This
valve assures (10), that the output pressure does not
exceed 12 bar. The second compartment (5) and the
compressed media output are connected via a hole in
the dividing cap (5), as well as a pipe.

[0023] The above description discloses several meth-
ods and materials of the presentinvention. This invention
is susceptible to modifications in the methods and mate-
rials, as well as alterations in the fabrication methods and
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equipment. Such modifications will become apparent to
those skilled in the art from a consideration of this dis-
closure or practice of the invention disclosed herein. Con-
sequently, it is not intended that this invention be limited
to the specific embodiments disclosed herein, but that it
covers all modifications and alternatives coming within
the true scope and spirit of the invention as embodied in
the attached claims.

Claims

1. A modular pressure vessel comprising a center sec-
tion having a rounded, longitudinal sidewall, the side-
wall defining a longitudinal axis and extending from
a first opening at a first end of the center section to
a second opening at a second end of the center sec-
tion that is opposite the first end,

a first cap configured to removably attach to the
first end of the vessel;

a second cap configured to removably attach to
the other end of the vessel; and

a third cap configured to divide the cavity of the
vessel into two separate compartments;

wherein the first compartment, which is formed by
the rounded, longitudinal sidewall, the second cap
and the third cap, comprises a compressor with the
components necessary to drive it, and means for
conditioning the compressed media; and

the cavity of the second compartment, which is
formed by the rounded, longitudinal sidewall, the first
cap and the third cap, is configured to store therein
a pressurized medium.

2. The modular pressure vessel of claim 1, wherein the
internal pressure of the second compartment is from
1210 20 bar, preferably from 14 to 19 bar, in particular
16 to 18 bar.

3. Themodular pressure vessel of claim 1 or 2, wherein
the wherein the first compartment comprises a com-
pressor, a pressure regulating valve, an electronic
control unit, which controls the compressor, monitors
its temperature and the pressure within the second
compartment.

4. The modular pressure vessel of one of claims 1 to
3, wherein the compressor is mounted on one or
more fastening elements, which are decoupled from
the center section and the caps.

5. The modular pressure vessel of one of claims 1 to
4, wherein the first compartment comprises a pres-
sure regulating valve, which reduces the outgoing
pressure to a maximum pressure of 12 bar.
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The modular pressure vessel of one of claims 1 to
5, wherein the pressurized medium is pressurized
air or a pressurized fluid.

The modular pressure vessel of one of claims 1 to
6, wherein the three caps are centered and guided
within the center section using an O-ring.

The modular pressure vessel of one of claims 1 to
7, wherein the second compartment is sealed using
a profiled seal between the caps and the machined
surfaces of the center section.

The modular pressure vessel of one of claims 1 to
8, wherein the central section has one or more holes
along its longitudinal axis in order to guide one or
more threaded rods through it, in order to attach the
second cap of the pressurized compartment to the
third cap.

The modular pressure vessel of one of claims 1 to
9, wherein the compressor is mounted within the first
compartment with the aid of threaded rods.

The modular pressure vessel of one of claims 1 to
10, wherein the first compartment comprises venti-
lation slots.

The modular pressure vessel of one of claims 1 to
11, wherein the first compartment comprises venti-
lation slots, to which a fan is mounted to force air
exchange between the ambient and the first com-
partment.

The modular pressure vessel of one of claims 1 to
12, wherein the second cap comprises an outlet for
the pressurized media.

The modular pressure vessel of one of claims 1 to
13, wherein the center section of the vessel is an
extruded metal profile

The modular pressure vessel of claim 14, wherein
center section of the vessel is an extruded aluminum
profile.
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