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(57) A pressure regulation device (10) including a
body (20) extending between a first end (22) and a sec-
ond end (24), the body (20) configured to be coupled to
a free ink writing instrument (100) so as to define a first
reservoir (34) between the body and the writing instru-
ment, and the body defining a second reservoir (36) in
communication with the first reservoir, a piston (60) po-
sitioned between the first end and the second end of the
body, the piston configured to move axially from a first
position toward a second position, wherein coupling the
body to the writing instrument moves the piston from the
first position toward the second position, pressure in-
creases in the second reservoir when the piston moves
from the first position toward the second position, and
fluid flows from the second reservoir to the first reservoir
when pressure is increased in the second reservoir.

PRESSURE REGULATION DEVICE AND METHOD FOR A WRITING INSTRUMENT

[Fig. 2]
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Description
FIELD
[0001] The present disclosure relates generally to the

field of writing instruments. More specifically, the present
disclosure relates to a pressure regulation device con-
figured for use in a free ink writing instrument.

BACKGROUND

[0002] A traditional writing instrument may include a
tubular housing, a cartridge configured to store a fluid-
based writing medium, such as ink, and a writing tip con-
figured to transfer the writing medium to a surface. In a
free ink writing instrument, the writing medium may freely
circulate fluidly within the cartridge of the writing instru-
ment. Additionally, the writing medium may circulate in
real-time due to forces acting on the writing instrument,
such as gravity. In particular, the writing medium may
circulate when the writing instrument is handled and/or
manipulated by a user. In a free ink writing instrument,
the writing medium may require injection from the car-
tridge into a separate chamber of the writing instrument
to mix with an additional fluid, such as water, prior to
being ready for use. Downstream from the reservoir, the
writing medium, once mixed with the additional fluid, may
be fed to the writing tip.

[0003] To extend the lifetime of a writing instrument,
the writing instrument may be configured to be refilled
with the writing medium. However, in the case of a free
ink writing instrument, refilling the writing instrument with
the writing medium may create a messy situation for a
user attempting to refill the writing instrument. In partic-
ular, injection of the writing medium from the cartridge
into the separate chamber of the writing instrument may
cause over pressure within the separate chamber of the
writing instrument, resulting in leakage of the writing me-
dium from the writing instrument.

[0004] It is desirable to provide a pressure regulation
device configured for use in a writing instrument, which
includes structures and/or relationships configured to
regulate pressure variation within the writing instrument,
to improve refilling of the writing instrument in a hassle-
free and convenient manner.

SUMMARY

[0005] According to aspects of the present disclosure,
a pressure regulation device configured for use in a free
ink writing instrument is provided. The pressure regula-
tion device comprises a body extending between a first
end and a second end along an axis, the body configured
to be coupled to the free ink writing instrument so as to
define a first reservoir between the body and the free ink
writing instrument and the body defining a second res-
ervoir in communication with the first reservoir, a piston
positioned between the first end and the second end of
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the body, the piston configured to move axially from a
first position toward a second position, and wherein cou-
pling the body to the free ink writing instrument moves
the piston from the first position toward the second posi-
tion, pressure increases in the second reservoir when
the piston moves from the first position toward the second
position, and fluid flows from the second reservoir to the
first reservoir when pressure is increased in the second
reservoir.

[0006] According to aspects of the present disclosure,
the body comprises a third reservoir.

[0007] According to aspects of the present disclosure,
the second reservoir is positioned between the first res-
ervoir and at least a portion of the third reservoir.
[0008] According to aspects of the present disclosure,
at least a portion of the third reservoir is configured to
extend through the second reservoir.

[0009] According to aspects of the present disclosure,
the body defines a fluid passage configured to allow a
fluid to flow from the first reservoir to the third reservoir
when pressure is increased in the first reservoir.

[0010] According to aspects of the present disclosure,
the fluid the fluid passage defined by the body is config-
ured to allow to flow from the first reservoir to the third
reservoir is a gas.

[0011] According to aspects of the present disclosure,
a one-way valve is included at the fluid passage defined
by the body and the one-way valve is configured to stop
return flow from the third reservoir into the first reservoir.
[0012] According to aspects of the present disclosure,
the body includes a hydrophobic membrane positioned
at the fluid passage defined by the body and the hydro-
phobic membrane is configured to restrict fluid flow from
the first reservoir into the third reservoir through the fluid
passage defined by the body.

[0013] According to aspects of the present disclosure,
the body includes a vent configured to allow fluid to flow
out of the third reservoir.

[0014] According to aspects of the present disclosure,
the piston defines a replacement passage configured to
allow a fluid to flow from the second reservoir to the first
reservoir when the piston moves from the first position
toward the second position.

[0015] According to aspects of the present disclosure,
a one-way valve is included at the replacement passage
defined by the piston and the one-way valve is configured
to stop return flow from the first reservoir into the second
reservoir.

[0016] According to aspects of the present disclosure,
the piston includes an engagement surface configured
to receive a force exerted by pressure inside the first
reservoir when the body is coupled to the free ink writing
instrument.

[0017] According to aspects of the present disclosure,
a method for regulating pressure within a free ink writing
instrument is provided. The method comprises providing
the pressure regulation device according to any aspect
disclosed herein, and coupling the pressure regulation
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device to the free ink writing instrument.

[0018] According to aspects of the present disclosure,
afree ink writing instrument is provided. The free ink writ-
ing instrument comprises the pressure regulation device
according to any aspect disclosed herein, a writing tip, a
housing, and a coupling member configured to be cou-
pled with a complementary coupling member of the pres-
sure regulation device.

[0019] According to aspects of the present disclosure,
the pressure regulation device is configured to refill the
writing instrument with a writing medium.

[0020] In the manner described and according to as-
pects illustrated herein, the pressure regulation device
and the method are capable of regulating pressure var-
iation within a free ink writing instrument, to improve re-
filing of the free ink writing instrument in a hassle-free
and convenient manner.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Aspects of an embodiment will be described in
reference to the drawings, where like numerals reflect
like elements:

Figure 1 is a perspective view of a pressure regula-
tion device included by a writing instrument accord-
ing to aspects of the disclosure;

Figure 2 is a cross-sectional view of the pressure
regulation device included by the writing instrument
of Figure 1, taken along an axis A-A;

Figure 3Ais an enlarged cross-sectional view of the
pressure regulation device included by the writing
instrument of Figure 1, with emphasis on the pres-
sure regulation device, and illustrating a piston of the
pressure regulation device in a first position;

Figure 3B is an enlarged cross-sectional view of the
pressure regulation device included by the writing
instrument of Figure 1, with emphasis on the pres-
sure regulation device, and illustrating the piston of
the pressure regulation device in a second position;
Figure 4 is an enlarged cross-sectional view of the
pressure regulation device included by the writing
instrument of Figure 1, with emphasis on the pres-
sure regulation device, and illustrating a body of the
pressure regulation device being integrally formed.

DETAILED DESCRIPTION

[0022] Anembodimentof a pressure regulation device
configured for use in a writing instrument and a method
of regulating pressure within a writing element according
to aspects of the disclosure will now be described with
reference to Figures 1-4. Like numerals represent like
parts, and the pressure regulation device will generally
be referred to by the reference numeral 10. Although the
pressure regulation device 10 is described with reference
to specific examples, it should be understood that mod-
ifications and changes may be made to these examples
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without going beyond the general scope as defined by
the claims. In particular, individual characteristics of the
various embodiments shown and/or mentioned herein
may be combined in additional embodiments. Conse-
quently, the description and the drawings should be con-
sidered in a sense that is illustrative rather than restric-
tive. The Figures, which are not necessarily to scale, de-
pict illustrative aspects and are not intended to limit the
scope of the disclosure. The illustrative aspects depicted
are intended only as exemplary.

[0023] The term "exemplary" is used in the sense of
"example," rather than "ideal." While aspects of the dis-
closure are amenable to various modifications and alter-
native forms, specifics thereof have been shown by way
of example in the drawings and will be described in detail.
It should be understood, however, that the intention is
not to limit aspects of the disclosure to the particular em-
bodiment(s) described. On the contrary, the intention of
this disclosure is to cover all modifications, equivalents,
and alternatives falling within the scope of the disclosure.
[0024] Various materials, methods of construction and
methods of fastening will be discussed in the context of
the disclosed embodiment(s). Those skilled in the art will
recognize known substitutes for the materials, construc-
tion methods, and fastening methods, all of which are
contemplated as compatible with the disclosed embodi-
ment(s) and are intended to be encompassed by the ap-
pended claims.

[0025] As used in this disclosure and the appended
claims, the singular forms "a," "an," and "the" include plu-
ral referents unless the content clearly dictates other-
wise. As used in this disclosure and the appended claims,
the term "or" is generally employed in its sense including
"and/or" unless the content clearly dictates otherwise.
[0026] Throughout the description, including the
claims, the terms "comprising a," "including a," and "hav-
ing a" should be understood as being synonymous with
"comprising one or more," "including one or more," and
"having one or more" unless otherwise stated. In addition,
any range set forth in the description, including the claims
should be understood as including its end value(s) unless
otherwise stated. Specific values for described elements
should be understood to be within accepted manufactur-
ing or industry tolerances known to one of skill in the art,
and any use of the terms "substantially," "approximately,"
and "generally" should be understood to mean falling
within such accepted tolerances.

[0027] When anelementorfeature is referred to herein
as being "on," "engaged to," "connected to," or "coupled
to" another element or feature, it may be directly on, en-
gaged, connected, or coupled to the other element or
feature, or intervening elements or features may be
present. In contrast, when an element or feature is re-
ferred to as being "directly on," "directly engaged to," "di-
rectly connected to," or "directly coupled to" another el-
ement or feature, there may be no intervening elements
or features present. Other words used to describe the
relationship between elements or features should be in-
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terpretedin alike fashion (e.g., "between" versus "directly
between," "adjacent" versus "directly adjacent," etc.).

[0028] Spatially relative terms, such as "top," "bottom,"
"middle," "inner," "outer," "beneath," "below," "lower,"
"above," "upper," and the like, may be used herein for

ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illus-
trated in the drawings. Spatially relative terms may be
intended to encompass different orientations of a device
in use or operation in addition to the orientation depicted
inthe drawings. Forexample, if the device inthe drawings
is turned over, elements described as "below" or "be-
neath" other elements or features would then be oriented
"above" the other elements or features. Thus, the exam-
ple term "below" can encompass both an orientation of
above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spa-
tially relative descriptors used herein interpreted accord-
ingly.

[0029] Although the terms "first," "second," etc. may
be used herein to describe various elements, compo-
nents, regions, layers, sections, and/or parameters,
these elements, components, regions, layers, sections,
and/or parameters should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer, or section from another region,
layer, or section. Thus, a first element, component, re-
gion, layer, or section discussed herein could be termed
a second element, component, region, layer, or section
without departing from the teachings of the present dis-
closure.

[0030] As shown in Figures 1-2, the pressure regula-
tion device 10 is configured for use in a writing instrument
100. Additionally or alternatively, it is contemplated that
the pressure regulation device 10 may be considered to
be a part of the writing instrument 100. The term "writing
instrument" as used herein may be understood to be a
tool used to produce writing and/or drawing (e.g. figures,
characters, lines, forms, and/or the like) upon a surface.
In the disclosed embodiment, the writing instrument 100
may be a ballpoint pen, a rollerball pen, a felt pen, or the
like. Additionally, the writing instrument 100 may be con-
figured for use of free ink. It is contemplated that the term
"free ink" as used herein may be understood as system
in which afluid-based writing medium 110 (hereafter, "the
writing medium 110"), such as ink, freely circulates fluidly
within one or more reservoir 34, 36 of the writing instru-
ment 100. It is contemplated that the writing medium 110
may circulate in real-time due to forces acting on the writ-
ing instrument 100, such as gravity. In particular, it is
contemplated that the writing medium 110 may circulate
when the writing instrument 100 is handled and/or ma-
nipulated by a user. Additionally, downstream from the
one or more reservoir 34, 36, the writing medium 110
may be fed to a writing tip 120 of the writing instrument
100. The writing tip 120 may include any structure suit-
able for absorbing and/or transferring the writing medium
110, such as a fibrous bundle, a capillarity duct, a felt

10

15

20

25

30

35

40

45

50

55

duct, and/or the like. In the disclosed embodiment, the
writing instrument 100 may be configured to be refillable.
Accordingly, the writing instrument 100 may be referred
to and/or understood as a refillable free ink writing instru-
ment.

[0031] As shown in Figures 1-2 of the disclosed em-
bodiment, the writing instrument 100 includes a cylindri-
cal housing 130 configured to couple with the pressure
regulation device 10. However, it is contemplated that
the housing may have a different elongated shape, such
as prismatic, e.g. hexagon-prismatic or triangular-pris-
matic, or any other polygonal shaped prism which may
be compatible with the writing instrument 100. To this
end, as shown in Figures 3A-3B, the writing instrument
100 includes a coupling member 140 configured to cou-
ple with a complementary coupling member (coupling
member 26) of the pressure regulation device 10. The
coupling member 140 of the writing instrument 100 may
be included on the housing 130 of the writing instrument
100. In the disclosed embodiment, the coupling member
140 of the writing instrument 100 is configured to form a
threaded engagement with the complementary coupling
member (coupling member 26) of the pressure regulation
device 10; however, itis contemplated that an alternative
form of engagement may be compatible with the pressure
regulation device 10, such as a bayonet connection or
snap-fit connection. Additionally, the writing instrument
100 may include an engagement member 150 configured
to come into contact with and/or exert a force upon a
piston 60 (discussed below) of the pressure regulation
device 10, to thereby move the piston 60. In the disclosed
embodiment, the engagement member 150 of the writing
instrument 100 extends axially, along a common axis A-
A of the pressure regulation device 10, from the housing
130 of the writing instrument 100.

[0032] As shown in Figures 3A-4 of the disclosed em-
bodiment, the pressure regulation device 10is configured
to improve regulation of pressure variation when refilling
the writing instrument 100 with the writing medium 110.
To this end, the pressure regulation device 10 is config-
ured to couple with the writing instrument 100. The pres-
sure regulation device 10 includes a body 20 extending
between a first end 22 and a second end 24 along an
axis A-A, and a piston 60 positioned within the body 20
between the first end 22 and the second end 24 of the
body 20. Additionally or alternatively, the body 20 may
include a first body portion 20a extending from the first
end 22 of the body 20 toward the second end 24 of the
body 20 and a second body portion 20b extending from
the second end 24 of the body 20 toward the first end 22
of the body 20. The first body portion 20a and the second
body portion 20b may be configured to couple with each
other. For example, the first body portion 20a and the
second body portion 20b may be configured to form a
threaded engagement; however, it is contemplated that
an alternative form of engagement may be compatible
with the pressure regulation device 10, such as a bayonet
connection or snap-fit connection. Including a first body
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portion 20a and a second body portion 20b may allow a
user to remove the second body portion 20b from the
pressure regulation device 10 to relieve pressure accu-
mulated within the pressure regulation device 10. How-
ever, it is contemplated that the first body portion 20a
and the second body portion 20b may be integrally
formed (see Figure 4). Accordingly, the first body portion
20a and the second body portion 20b may be referred to
herein as "the body 20." In the disclosed embodiment,
the body 20 may have a cylindrical shape corresponding
to the cylindrical shape of the housing 130 of the writing
instrument 100. Additionally, the body 20 includes a cou-
pling member 26 at the first end 22 of the body 20, which
is configured to form a threaded engagement with the
coupling member 140 of the writing instrument 100. It is
contemplated that the body 20 and/or the writing instru-
ment 100 may include a seal (not shown) to prevent the
writing medium 110 from leaking from the pressure reg-
ulation device 10 and/or the writing instrument 100.
[0033] Referring to Figures 3A-4, the body 20 of the
pressure regulation device 10 includes an outer (first)
wall 28 and an inner (second) wall 30. It is contemplated
that the terms "inner" and "outer" may be understood as
locations within the pressure regulation device 10 at dis-
tances relative to the axis A-A. Accordingly, the inner wall
30 may be understood as being located at a distance
from the axis A-A that may be equal to or less than a
distance from the axis A-A of the outer wall 28. In the
disclosed embodiment, the outer wall 28 and the inner
wall 30 are integrally formed. The outer wall 28 extends
axially between the first end 22 and the second end 24
of the body 20. The inner wall 30 includes a first inner
wall portion 30a which extends radially inwardly from the
outer wall 28 and a second inner wall portion 30b that
extends axially from the first inner wall portion 303, in a
direction toward the first end 22 of the body 20. It is con-
templated that the terms "inwardly" and "outwardly" may
be understood as directions within the pressure regula-
tion device 10 relative to the axis A-A. Accordingly, the
term "inwardly" may be understood as being a direction
extending toward the axis A-A and the term "outwardly"
may be understood as being a direction extending away
from the axis A-A. As such, at least a portion of the inner
wall 30 is configured to be concentric with the outer wall
28. In particular, the second inner wall portion 30b is con-
figured to be concentric with the outer wall 28. In this
manner, an annular slot 32 is defined between the outer
wall 28 and the inner wall 30. In particular, the annular
slot 32 is defined between the outer wall 28, the firstinner
wall portion 30a, and the second inner wall portion 30b.
The annular slot 32 is configured to receive the piston
60. Accordingly, the outer wall 28 and the inner wall 30
of the body 20 are configured to surround the piston 60,
in a surface-to-surface engagement with the piston 60.
[0034] In the disclosed embodiment, the body 20 of
the pressure regulation device 10 is configured to receive
at least a portion of the writing instrument 100. In partic-
ular, the body 20 is configured to receive the engagement
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member 150 of the writing instrument 100, so that the
engagement member 150 may come into contact with
and/or exert a force upon the piston 60 to move the piston
60 when the pressure regulation device 10 is coupled to
the writing instrument 100. Additionally, the body 20 is
configured to define a first reservoir 34, a second reser-
voir 36, and a third reservoir 38. In the disclosed embod-
iment, the first reservoir 34 is defined between the body
20, the piston 60, and the housing 130 of the writing in-
strument 100 when the pressure regulation device 10 is
coupled to the writing instrument 100. In particular, the
first reservoir 34 is defined between the inner wall 30 of
the body 20, the piston 60, and the housing 130 of the
writing instrument 100 when the pressure regulation de-
vice 10 is coupled to the writing instrument 100. Addi-
tionally, atleast a portion of the first reservoir 34 is defined
at the first end 22 of the body 20. The first reservoir 34
may be configured to store the writing medium 110. Ad-
ditionally or alternatively, the first reservoir 34 may be
configured to store a fluid 115 which may be mixed with
the writing medium 110 (see Figure 3A). In the disclosed
embodiment, the fluid 115 to be mixed with the writing
medium 110 may be water. Itis contemplated that a user
may add the fluid (water) 115 into the housing of the
writing instrument 100 prior to coupling the pressure reg-
ulation device 10 to the writing instrument 100, such that
the fluid 115 may then be stored within the first reservoir
34.

[0035] In the disclosed embodiment, the second res-
ervoir 36 is defined between the body 20 and the piston
60. Additionally, the second reservoir 36 is defined be-
tween the outer wall 28 of the body 20, the inner wall 30
of thebody 20, and the piston 60. In particular, the second
reservoir 36 is defined between the outer wall 28 of the
body 20, the first inner wall portion 30a and second inner
wall portion 30b of the body 20, and the piston 60. Ac-
cordingly, the second reservoir 36 is included within the
annular slot 32. As such, the second reservoir 36 has an
annular shape and is configured to surround at least a
portion of the third reservoir 38 defined by the second
inner wall portion 30b (discussed below), as well as a
second passage 42 defined by the body 20 (discussed
below). As such, at least a portion of the third reservoir
38 extends through the second reservoir 36. Additionally,
the second reservoir 36 is defined at a position between
the first reservoir 34 and at least a portion of the third
reservoir 38. In this manner, the second reservoir 36 is
configured such that the third reservoir 38 is in direct
communication with the first reservoir 34, through the
second passage 42 defined by the body 20. Additionally,
the second reservoir 36 is also in direct communication
with the first reservoir 34. Having the second reservoir
36 in direct communication with the first reservoir 34 al-
lows the second reservoir 36 to deliver a fluid to the first
reservoir 34.

[0036] As shown in Figures 3A and 4, the second res-
ervoir 36 is configured to store the fluid, which is to be
delivered to thefirstreservoir 34 during a refilling process.
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In the disclosed embodiment, the fluid stored by the sec-
ond reservoir 36 is the writing medium 110. Additionally,
in the disclosed embodiment, the writing medium 110
which is stored by the second reservoir 36 may be con-
centrated ink, which may be mixed with the fluid (water)
115 which may be stored in the first reservoir 34. To this
end, the piston 60 defines a first passage (also referred
to herein as a "replacement passage") 62 configured to
allow fluid (the writing medium 110) to flow from the sec-
ond reservoir 36 to the first reservoir 34. It is contemplat-
ed that the piston 60 may include a plurality of first pas-
sages 62 configured to allow the fluid (the writing medium
110) to flow from the second reservoir 36 to the first res-
ervoir 34; however, the plurality of first passages 62 will
be referred to herein as "the first passage 62," unless
reference to a plurality of the first passages 62 is other-
wise necessary. In the disclosed embodiment, the piston
60 may include a first one-way valve 64 at and/or in the
first passage 62. It is contemplated that the piston 60
may include a plurality of first one-way valves 64 included
at and/or in a corresponding first passage 62; however,
the plurality of first one-way valves 64 will be referred to
herein as "the first one-way valve 64," unless reference
to a plurality of the first one-way valves 64 is otherwise
necessary. The first one-way valve 64 is configured to
allow fluid flow from the second reservoir 36 into the first
reservoir 34 and to stop return fluid flow from the first
reservoir 34 into the second reservoir 36. In this manner,
the writing medium 110 may be delivered fromthe second
reservoir 36 to the first reservoir 34 and the writing me-
dium 110 and/or the fluid (water) 115 are prevented from
entering the second reservoir 36 from the first reservoir
34.

[0037] Inthe disclosed embodiment, the third reservoir
38 is defined between the body 20 of the pressure reg-
ulation device 10. In particular, the third reservoir 38 is
defined between the outer wall 28 of the body 20 and the
inner wall 30 of the body 20. At least a portion of the third
reservoir 38 is defined at the second end 24 of the body
20. The third reservoir 38 is configured to receive fluid
from the first reservoir 34. In the disclosed embodiment,
the fluid received by the third reservoir 38 from the first
reservoir 34 may be a gas. In particular, the fluid received
by the third reservoir 38 from the first reservoir 34 may
be air. Accordingly, the first reservoir 34 includes a first
volume configured to be occupied by a gas and the third
reservoir 38 includes a second volume configured to be
occupied by a gas. Itis contemplated that the first volume
configured to be occupied by a gas of the first reservoir
34 is avolume of the first reservoir 34 that is not occupied
by the writing medium 110 and fluid (water) 115 once the
pressure regulation device 10 has been coupled to the
writing instrument 10 and the writing medium 110 and
the fluid 115 have been mixed. In the disclosed embod-
iment, the second volume configured to be occupied by
a gas of the third reservoir 38 is greater than the first
volume configured to be occupied by a gas of the first
reservoir 34. Accordingly, pressure in the third reservoir
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38islowerthan pressurein the firstreservoir 34. As such,
fluid (gas) present in the first reservoir 34 flows from the
first reservoir 34 (high pressure) to the third reservoir 38
(low pressure) when the pressure regulation device 10
is coupled to the writing instrument 100. Additionally or
alternatively, fluid (gas) present in the first reservoir 34
flows from the first reservoir 34 (high pressure) to the
third reservoir 38 (low pressure) when pressure is in-
creased in the first reservoir 34.

[0038] As shown in Figures 3A-4, the body 20 defines
asecond passage (also referred to herein as a "fluid pas-
sage") 42 configured to allow the fluid (gas) to flow from
the first reservoir 34 to the third reservoir 38. Additionally
or alternatively, the second passage 42 is configured to
allow the fluid (gas) to flow from the first reservoir 34 to
the third reservoir 38 when pressure is increased in the
first reservoir 34. In the disclosed embodiment, the sec-
ond passage 42 is defined by the inner wall 30 of the
body 20. Additionally, the second passage 42 is defined
at a position inward of the second inner wall portion 30b
of the body 20. In this position, the second passage 42
extends directly between the first reservoir 34 and the
third reservoir 38. Accordingly, the third reservoir 38 is
in direct communication with the first reservoir 34. In the
disclosed embodiment, the body 20 includes a second
one-way valve 44 at and/or in the second passage 42
defined by the body 20. The second one-way valve 44
is configured to allow fluid flow from the first reservoir 34
into the third reservoir 38 and to stop return fluid flow
from the third reservoir 38 into the first reservoir 34. In
this manner, the fluid (gas) may only flow from the first
reservoir 34 to the third reservoir 38. Additionally, a first
hydrophobic membrane 46 may be included at the sec-
ond passage 42 defined by the body 20. The first hydro-
phobic membrane 46 may be configured to restrict fluid
flow from the first reservoir 34 into the third reservoir 38
through the second passage 42 defined by the body 20.
In this manner, the writing medium 110 and/or the fluid
(water) 115 may be further prevented from entering the
third reservoir 38 from the first reservoir 34. Additionally
or alternatively, the body 20 may include a vent 50 con-
figured to allow fluid (gas) to flow out of the third reservoir
38. Accordingly, the vent 50 may be positioned at or near
the second end 24 of the body 20. In this manner, fluid
(gas) may be allowed to exit the third reservoir 38 through
the vent 50 included by the body 20. Additionally or al-
ternatively, a second hydrophobic membrane 52 may be
included at the second end 24 of the body 20 and/or at
the vent 50. The second hydrophobic membrane 52 may
be configured to restrict fluid flow out of the third reservoir
38 through the vent. In this manner, if the writing medium
110 and/or the fluid (water) 115 have entered the third
reservoir 38, the writing medium 110 and/or the fluid (wa-
ter) 115 may be further prevented from leaking from the
third reservoir 38 through the vent 50.

[0039] As illustrated by Figures 3A-3B the piston 60 is
configured to move axially from afirst position (see Figure
3A) toward a second position (see Figure 3B). Accord-
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ingly, the piston 60 is configured to move from the first
position to the second position within the annular slot
defined by the outer wall 28 and the inner wall 30 of the
body 20 of the pressure regulation device 10. As such,
the piston 60 has an annular shape configured for sur-
face-to-surface contact with the body 20 within the an-
nular slot 32. In the disclosed embodiment, the piston 60
moves toward the second end 24 of the body 20 when
the piston 60 moves toward the second position. The
piston 60 is configured to move from the first position
toward the second position as the pressure regulation
device 10 is coupled to the writing instrument 100. To
this end, the piston 60 is configured to move toward the
second position as the pressure regulation device 10 is
threadbly engaged and/or screwed onto the housing 130
of the writing instrument 100.

[0040] Coupling the pressure regulation device 10 to
the writing instrument 100 decreases the volume of the
first reservoir 34. As the volume of the first reservoir 34
decreases, pressure increases within the first reservoir
34. To this end, the piston 60 includes an engagement
surface 66 configured to receive a force exerted by the
increased pressure within the first reservoir 34 when the
pressure regulation device 10 is coupled to the writing
instrument 100. The force exerted by the increased pres-
sure within the first reservoir 34 upon the engagement
surface 66 causes the piston 60 to move from the first
position toward the second position. Additionally or alter-
natively, the engagement surface 66 may be configured
to come into contact with and/or receive a force exerted
by the engagement member 150 of the writing instrument
100. As the pressure regulation device 10 is coupled to
the writing instrument 100, the engagement surface 66
of the piston 60 comes into contact with the engagement
member 150 of the writing instrument 100 and receives
the force exerted by the engagement member 150 of the
writing instrument 100. Receiving the force exerted by
the engagement member 150 causes the piston 60 to
move from the first position toward the second position.
Moving the piston 60 from the first position toward the
second position decreases a volume of the second res-
ervoir 36. As the volume of the second reservoir 36 de-
creases, pressure within the second reservoir 36 increas-
es. This decrease in volume of the second reservoir 36
may take place simultaneously with the decrease in vol-
ume of the first reservoir 34. Increasing pressure in the
second reservoir 36 forces the writing medium 110
through the first one-way valve 64, from the second res-
ervoir 36 into the first reservoir 34. In this manner, the
piston 60 moves from the first position toward the second
position when the pressure regulation device 10 is cou-
pled to the writing instrument 100. Additionally, the writing
medium 110 flows from the second reservoir 36 into the
first reservoir 34 when the pressure regulation device 10
is coupled to the writing instrument 100 and/or as the
piston 60 moves from the first position toward the second
position.

[0041] Referring to Figures 3A-3B, the writing medium
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110 flowing from the second reservoir 36 to the first res-
ervoir 34 causes a volume of the first reservoir 34 occu-
pied by a mixture of the writing medium 110 and fluid
(water) 115 within the first reservoir 34 to increase. As
the volume occupied by the writing medium 110 and fluid
(water) 115 mixture increases, pressure within the first
reservoir 34 increases. Increased pressure within the first
reservoir 34 may cause leakage of the writing medium
110 and fluid (water) 115 mixture from the writing instru-
ment 100, creating a messy situation for a user. However,
in the disclosed embodiment, gas (air) is forced through
the second one-way valve 44 when pressure within the
first reservoir 34 is increased. As such, increased pres-
sure within the first reservoir 34 is relieved via the third
reservoir 38, through the second one-way valve 44. Ad-
ditionally, the gas (air) forced from the first reservoir 34
into the third reservoir 38 through the second one-way
valve 44 may exit the pressure regulation device 10 and
the writing instrument 100 through the vent 50 defined
by the body 20 of the pressure regulation device 10. Ad-
ditionally or alternatively, the gas (air) forced from the
first reservoir 34 into the third reservoir 38 through the
second one-way valve 44 may exit the pressure regula-
tion device 10 and the writing instrument 100 by removal
of the second body portion 20b from the first body portion
20a, effectively opening the third reservoir 38 to the en-
vironment surrounding the pressure regulation device 10
and the writing instrument 100. In this manner, pressure
variation within the writing instrument 100 is regulated
when refilling the writing instrument 100 with the writing
medium 110, thereby improving the refilling of the writing
instrument 100 with the writing medium 110 in a hassle-
free and convenient manner.

[0042] Although the present disclosure herein has
been described with reference to particular embodi-
ments, it is to be understood that these embodiments are
merely illustrative of the principles and applications of
the present disclosure.

[0043] It is intended that the specification and exam-
ples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims.
[0044] Additionally, all of the disclosed features of an
apparatus may be transposed, alone or in combination,
to a method and vice versa.

Claims

1. A pressure regulation device (10) configured for use
in a free ink writing instrument (100), the pressure
regulation device comprising:

a body (20) extending between a first end (22)
and a second end (24) along an axis (A-A), the
body (20) configured to be coupled to the free
ink writing instrument (100) so as to define a first
reservoir (34) between the body (20) and the
free ink writing instrument (100) and the body
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(20) defining a second reservoir (36) in commu-
nication with the first reservoir (34);

a piston (60) positioned between the first end
(22) and the second end (24) of the body (20),
the piston (60) configured to move axially from
a first position toward a second position; and
wherein, coupling the body (20) to the free ink
writing instrument (100) moves the piston (60)
from the first position toward the second posi-
tion, pressure increases in the second reservoir
(36) when the piston (60) moves from the first
position toward the second position, and fluid
flows from the second reservoir (36) to the first
reservoir (34) when pressure is increased in the
second reservoir (36).

The pressure regulation device (100) according to
claim 1, wherein the body (20) comprises a third res-
ervoir (38).

The pressure regulation device (10) according to
claim 2, wherein the second reservoir (36) is posi-
tioned between the first reservoir (34) and at least a
portion of the third reservoir (38).

The pressure regulation device (10) according to any
of claims 2-3, wherein at least a portion of the third
reservoir (38) is configured to extend through the
second reservoir (36).

The pressure regulation device (10) according to any
of claims 2-4, wherein the body (20) defines a fluid
passage (42) configured to allow a fluid to flow from
the first reservoir (34) to the third reservoir (38) when
pressure is increased in the first reservoir (34).

The pressure regulation device (10) according to
claim 5, wherein the fluid the fluid passage (42) de-
fined by the body (20) is configured to allow to flow
from the first reservoir (34) to the third reservoir (38)
is a gas.

The pressure regulation device (10) according to any
of claims 5-6, wherein a one-way valve (44) is in-
cluded at the fluid passage (42) defined by the body
(20) and the one-way valve (44)is configured to stop
return flow from the third reservoir (38) into the first
reservoir (34).

The pressure regulation device (10) according to any
of claims 5-7, wherein the body (20) includes a hy-
drophobic membrane (46) positioned at the fluid pas-
sage (42) defined by the body (20) and the hydro-
phobic membrane (46) is configured to restrict fluid
flow from the firstreservoir (34) into the third reservoir
(38) through the fluid passage (42) defined by the
body (20).
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9.

10.

1.

12.

13.

14.

15.

The pressure regulation device (10) according to any
of claims 2-8, wherein the body (20) includes a vent
(50) configured to allow fluid to flow out of the third
reservoir (38).

The pressure regulation device (10) according to any
of claims 1-9, wherein the piston (60) defines a re-
placement passage (62) configured to allow a fluid
(110) to flow from the second reservoir (36) to the
first reservoir (34) when the piston (60) moves from
the first position toward the second position.

The pressure regulation device (10) according to
claim 10, wherein a one-way valve (64) is included
at the replacement passage (62) defined by the pis-
ton (60) and the one-way valve (64) is configured to
stop return flow from the first reservoir (34) into the
second reservoir (36).

The pressure regulation device (10) according to any
of claims 1-11, wherein the piston (60) includes an
engagement surface (66) configured to receive a
force exerted by pressure inside the first reservoir
(34) when the body (20) is coupled to the free ink
writing instrument (100).

A method for regulating pressure within a free ink
writing instrument (100), the method comprising:

providing the pressure regulation device (10) ac-
cording to any of claims 1-12; and

coupling the pressure regulation device (10) to
the free ink writing instrument (100).

A free ink writing instrument (100) comprising the
pressure regulation device (10) according to any of
claims 1-12,

a writing tip (120),

a housing (130),

and a coupling member (140) configured to be cou-
pled with a complementary coupling member (26) of
the pressure regulation device (10).

The free ink writing instrument (100) according to
claim 14, wherein the pressure regulation device (10)
is configured to refill the writing instrument (100) with
a writing medium (110).
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[Fig. 2]
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[Fig. 3A]
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[Fig. 3B]
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