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E-VAPOR DEVICE WITH BIMETALLIC ACTUATOR FOR OPENING AND
SEALING RESERVOIR

The present disclosure relates to e-vapor devices having reservoirs containing a pre-
vapor formulation.

Electronic vapor devices are electrically-powered articles configured to vaporize a pre-
vapor formulation for the purpose of producing a vapor that is drawn through an outlet of the
device when a negative pressure is applied. Electronic vapor devices may also be referred to
as e-vapor devices or e-vaping devices. An e-vapor device includes a reservoir configured to
hold the pre-vapor formulation, a wick that is arranged in fluidic communication with the pre-
vapor formulation, a heating element that is arranged in thermal proximity to the wick, and a
power source configured to supply electricity to the heating element. The heating element
may be in a form of a relatively thin wire that is coiled a plurality of times around the wick.
Accordingly, when a current is supplied to the heating element during the operation of the e-
vapor device, the wire undergoes resistive heating to vaporize the pre-vapor formulation in the
wick to produce a vapor that is drawn through an outlet of the device when a negative pressure
is applied.

However, when the e-vapor device is not in operation, the pre-vapor formulation may
still continue to be drawn from the reservoir and into the wick. As a result, the wick may
become oversaturated with the pre-vapor formulation. Consequently, when the heating
element is subsequently activated during the operation of the e-vapor device after a prolonged
period of time, the quality of the generated vapor may be affected.

An e-vapor device may include a reservoir, a heater, and a bimetallic actuator. The
reservoir may be configured to hold a pre-vapor formulation. The reservoir may define an
outlet configured to release the pre-vapor formulation therefrom. The heater may be
configured to heat the pre-vapor formulation released from the reservoir to generate a vapor.
The bimetallic actuator may be configured to seal the outlet of the reservoir when vaping is
not occurring and configured to unseal the outlet when vaping is occurring.

The bimetallic actuator is a temperature-sensitive structure configured to default to a
first position when at a first temperature so as to seal the outlet of the reservoir and to deflect
to a second position when at a higher second temperature so as to unseal the outlet.

The bimetallic actuator may be configured to seal the outlet of the reservoir when the
first temperature is about 60 degrees Celsius or less.

The bimetallic actuator may be configured to unseal the outlet of the reservoir when
the second temperature is about 100 degrees Celsius or more.

The bimetallic actuator may be configured to unseal the outlet of the reservoir when
the heater is activated during the vaping.
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The bimetallic actuator may be configured to unseal the outlet of the reservoir upon
application of a current to the bimetallic actuator.

The bimetallic actuator may be configured to unseal the outlet of the reservoir based
on waste heat from the heater.

The bimetallic actuator may have an engagement portion configured to mate with the
outlet to seal the reservoir.

The engagement portion of the bimetallic actuator may have a conical or frustoconical
shape.

The bimetallic actuator has a laminate structure including materials with different
thermal expansion coefficients.

The bimetallic actuator includes a first layer bonded to a second layer. A thermal
expansion coefficient of the first layer is higher than a thermal expansion coefficient of the
second layer. The first layer may face the outlet of the reservoir.

The thermal expansion coefficient of the first layer may be at least 4 x 10-°K" more
than the thermal expansion coefficient of the second layer.

The first layer of the bimetallic actuator may include copper.

The e-vapor device may further include a wick arranged to be in fluidic communication
with the pre-vapor formulation released from the reservoir and in thermal contact with the
heater during the vaping. The bimetallic actuator is configured to seal the outlet of the reservoir
such that the pre-vapor formulation is not being continually drawn into the wick when the
vaping is not occurring.

The e-vapor device may further include a power supply configured to supply a current
to the heater and the bimetallic actuator.

The power supply may be a battery configured to simultaneously supply the current to
the heater and the bimetallic actuator.

A method of controlling a flow of pre-vapor formulation in an e-vapor device may
include sealing an outlet of a reservoir with a bimetallic actuator. The reservoir arranged within
the e-vapor device and configured to hold the pre-vapor formulation. The method may also
include applying a current to the bimetallic actuator to unseal the outlet of the reservoir when
vaping is initiated.

The applying of the current may cause the bimetallic actuator to deflect away from the
outlet to unseal the reservoir.

The sealing of the outlet of the reservoir may occur in less than a minute from when
the vaping has ceased.

The sealing of the outlet of the reservoir may occur after each puff during the vaping.

The various features and advantages of the non-limiting embodiments herein may
become more apparent upon review of the detailed description in conjunction with the
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accompanying drawings. The accompanying drawings are merely provided for illustrative
purposes and should not be interpreted to limit the scope of the claims. The accompanying
drawings are not to be considered as drawn to scale unless explicitly noted. For purposes of
clarity, various dimensions of the drawings may have been exaggerated.

FIG. 1 is a partially disassembled view of an e-vapor device according to an example
embodiment.

FIG. 2 is a cross-sectional view of a cartridge section of an e-vapor device according
to an example embodiment.

FIG. 3 is an enlarged view of the bimetallic actuator within the cartridge section of FIG.

FIG. 4 is a cross-sectional view of an opening/sealing arrangement for introduction into
a cartridge section of an e-vapor device according to an example embodiment.

FIG. 5 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment.

FIG. 6 is an end view of the opening/sealing arrangement of the cartridge section of
FIG. 5.

FIG. 7 is an end view of another opening/sealing arrangement of a cartridge section of
an e-vapor device according to an example embodiment.

FIG. 8 is an end view of another opening/sealing arrangement of a cartridge section of
an e-vapor device according to an example embodiment.

FIG. 9 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment.

FIG. 10 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment.

FIG. 11 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment.

FIG. 12 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment.

FIG. 13 is a schematic depiction of a bimetallic strip.

It should be understood that when an element or layer is referred to as being "on,"

"connected to," "coupled to," or “covering” another element or layer, it may be directly on,
connected to, coupled to, or covering the other element or layer or intervening elements or
layers may be present. In contrast, when an element is referred to as being "directly on,"
"directly connected to," or "directly coupled to" another element or layer, there are no
intervening elements or layers present. Like numbers refer to like elements throughout the

specification.
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It should be understood that, although the terms first, second, third, and so forth may
be used herein to describe various elements, components, regions, layers and sections, these
elements, components, regions, layers, and sections 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. Therefore, a first element, component, region, layer, or
section discussed below could be termed a second element, component, region, layer, or
section without departing from the teachings of example embodiments.

Spatially relative terms (for example, "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 elements or features as illustrated in the figures. It should be
understood that the spatially relative terms are intended to encompass different orientations
of the device in use or operation in addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements described as "below" or "beneath”
other elements or features would then be oriented "above" the other elements or features.
Therefore, the term "below" may encompass both an orientation of above and below. The
device may be otherwise oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describing various embodiments
only and is not intended to be limiting of example embodiments. As used herein, the singular

forms "a," "an," and "the" are intended to include the plural forms as well, unless the context

clearly indicates otherwise. It will be further understood that the terms “includes,” “including,”
"comprises," and "comprising," when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,
components, or groups thereof.

Example embodiments are described herein with reference to cross-sectional
illustrations that are schematic illustrations of idealized embodiments (and intermediate
structures) of example embodiments. As such, variations from the shapes of the illustrations
as a result, for example, of manufacturing techniques or tolerances, are to be expected.
Therefore, example embodiments should not be construed as limited to the shapes of regions
illustrated herein but are to include deviations in shapes that result, for example, from
manufacturing.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further understood that terms, including those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
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consistent with their meaning in the context of the relevant art and will not be interpreted in an
idealized or overly formal sense unless expressly so defined herein.

FIG. 1 is a partially disassembled view of an e-vapor device according to an example
embodiment. Referring to FIG. 1, the e-vapor device includes a cartridge section 100 and a
battery section 200. The cartridge section 100 may be connected (mechanically and
electrically) to the battery section 200 via a threaded arrangement. For instance, the cartridge
section 100 includes an internally threaded portion that is configured to connect to an
externally threaded portion of the battery section 200. A mouthpiece is provided at an opposite
end of the cartridge section 100 from the internally threaded portion. However, it should be
understood that example embodiments are not limited to a threaded arrangement. In another
instance, the cartridge section 100 may be connected to the battery section 200 via a bayonet
arrangement. The bayonet arrangement may be as described in U.S. Application No.
15/190,769, filed June 23, 2016, titled "E-VAPOR DEVICE INCLUDING AT LEAST ONE OF
A BAYONET CONNECTOR AND A CONNECTOR WITH A KNURLED PATTERN FOR
FORMING A WELDED JUNCTION," Atty. Dkt. No. 24000-000217-US-01, the disclosure of
which is incorporated herein in its entirety by reference.

FIG. 2 is a cross-sectional view of a cartridge section of an e-vapor device according
to an example embodiment. Referring to FIG. 2, the cartridge section 100 includes a housing
108 with a chimney 112 disposed therein. The chimney 112 may be positioned by a first
gasket 106 and a second gasket 120 so as to be coaxial with a central longitudinal axis of the
housing 108. The reservoir 110 is an annular space defined by the inner surface of the
housing 108 and the outer surface of the chimney 112 (and bounded by the first gasket 106
and the second gasket 120). The reservoir 110 is configured to contain a pre-vapor
formulation. A pre-vapor formulation is a material or combination of materials that may be
transformed into a vapor. For example, the pre-vapor formulation may be a liquid, solid, or
gel formulation including, but not limited to, water, beads, solvents, active ingredients, ethanol,
plant extracts, natural or artificial flavors, or vapor formers such as glycerine and propylene
glycol.

A mouthpiece 102 is disposed at a downstream end of the housing 108 (relative to the
flow of vapor) and is structured as a mouth-end insert. The mouthpiece 102 defines an
opening 104 that is aligned with a channel 114 defined by the chimney 112. During the
operation of the e-vapor device, a generated vapor is drawn from the chamber 124, through
the channel 114, and out the opening 104 when a negative pressure is applied to the
mouthpiece 102. Although the opening 104 is shown as being in the form of a single opening,
it should be understood that the opening 104 may be in the form of a plurality of openings. In
addition, the plurality of openings may be angled outwards.
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The opening/sealing arrangement for the reservoir 110 may be in the form of a
bimetallic actuator 126. In further detail, the second gasket 120 defines an aperture 122 as
an outlet for the pre-vapor formulation in the reservoir 110. The aperture 122 is plugged by
the bimetallic actuator 126 when a flow of the pre-vapor formulation from the reservoir 110 is
not desired (for example, when the e-vapor device is not in operation). The bimetallic actuator
126 is configured to engage with the aperture 122 to seal the reservoir 110 and to disengage
from the aperture 122 to open the reservoir 110 to release the pre-vapor formulation. The
proximal end of the bimetallic actuator 126 may be embedded in the inner wall of the housing
108.

The chamber 124 is provided in the housing 108 upstream from (for example, below)
the second gasket 120. A heater 116 and a wick 118 are arranged in the chamber 124 and
in proximity to the aperture 122. In particular, the wick 118 is arranged to be in fluidic
communication with the pre-vapor formulation released from the reservoir 110 and in thermal
contact with the heater 116 during the vaping. As a result, when the reservoir 110 is opened
by the bimetallic actuator 126, the pre-vapor formulation is released through the aperture 122
and conveyed by the wick 118 to the heater 116. The heater 116 is configured to heat the
pre-vapor formulation to generate a vapor. Furthermore, the bimetallic actuator 126 is
configured to seal the outlet of the reservoir 110 such that the pre-vapor formulation is not
being continually drawn into the wick 118 when the vaping is not occurring.

In an example embodiment, the wick 118 may be configured such that an end (for
example, right end) extends towards the aperture 122 to be closer to the released pre-vapor
formulation. In addition, the length of the wick 118 may be reduced to the extent needed to
adequately receive and convey the pre-vapor formulation in order to avoid excess pre-vapor
formulation from being unnecessarily retained in the wick 118 (for example, if an overly long
wick is used). For instance, the end (for example, left end) of the wick 118 farthest from the
aperture 122 and not encompassed by the heater 116 may be shortened to avoid excess pre-
vapor formulation from being unnecessarily retained in that section of the wick 118.

A power supply is configured to supply a current to one or both of the heater 116 and
the bimetallic actuator 126. In an example embodiment, the power supply may be a battery
(for example, in the battery section 200) configured to simultaneously supply the current to the
heater 116 and the bimetallic actuator 126.

The bimetallic actuator 126 is configured to convert a temperature change into a
mechanical displacement. The heat causing the temperature change in the bimetallic actuator
126 may be indirect or direct. For instance, the e-vapor device may be configured such that,
when the heater 116 is activated, the heat emanating therefrom will indirectly increase the
temperature of the bimetallic actuator 126, thereby causing the bimetallic actuator 126 to bend
so as to deflect away from the second gasket 120. As a result, the bimetallic actuator 126 will
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disengage from the aperture 122 and open the reservoir 110 to release the pre-vapor
formulation.

Alternatively, an electrical lead may be directly connected to the bimetallic actuator
126 (and the heater 116). In such an instance, during the operation of the e-vapor device, a
current will be supplied to the bimetallic actuator 126 (and the heater 116). The supplied
current will increase the temperature of the bimetallic actuator 126, thereby causing the
bimetallic actuator 126 to bend so as to deflect away from the second gasket 120. As a result,
the bimetallic actuator 126 will disengage from the aperture 122 and open the reservoir 110
to release the pre-vapor formulation.

In an example embodiment, the bimetallic actuator 126 is structured as a bimetallic
strip. A bimetallic strip includes two separate strips of different metals with different thermal
expansion coefficients. The separate strips may be joined together along their lengths by
riveting, brazing, or welding. Due to the differing thermal expansion coefficients, the separate
strips will expand by different amounts when heated. Conversely, the separate strips will
contract by different amounts when cooled. Because the separate strips have different
amounts of expansion/contraction based on a given temperature change, the bimetallic strip
will bend toward one side when heated and bend toward the opposing side when cooled.

As discussed herein and unless otherwise indicated, all references to a thermal
expansion coefficient should be understood to be in connection with a linear thermal
expansion coefficient, which is the fractional change in length per degree of temperature
change. For the linear expansion of a material, the thermal expansion coefficient may be
expressed by the following Equation 1.

a=(1/L)AL/AT) (1)

In the above Equation 1, a is the thermal expansion coefficient of a material, L is the
length of the material, AL is the change in length of the material after a temperature change,
and AT is the temperature change. In addition, the effect of pressure is assumed to be
negligible in Equation 1.

A higher thermal expansion coefficient for a material means that the material will
undergo a greater amount of expansion when heated and a greater amount of contraction
when cooled compared to a material with a lower thermal expansion coefficient. As a result,
when a bimetallic strip is heated, the metal with the higher thermal expansion coefficient will
be on the outer side of the curve. Conversely, when the bimetallic strip is cooled, the metal
with the higher thermal expansion coefficient will be on the inner side of the curve.

Two separate strips of different metals with the same dimensions that are joined
together to form a bimetallic strip with a length referred to as “L” and a sideways displacement
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referred to as “s” (from the bending caused by a temperature change) are shown schematically
in Fig 13.

The bimetallic strip may be configured to have no flexure at an initial reference
temperature and may be regarded as being straight (for example, solid line above). In
addition, the bimetallic strip may exhibit flexing after a temperature change (for example,
dotted line above). The following Equation 2 may establish the relationship between the
sideways displacement of the bimetallic strip after a temperature change, the thermal
expansion coefficient of the bimetallic strip, the length of the bimetallic strip, the temperature
change experienced by the bimetallic strip, and the thickness of the bimetallic strip.

s=al?AT/t  (2)

In the above Equation 2, s is the sideways displacement of the bimetallic strip from the
bending caused by a temperature change, a is the thermal expansion coefficient of the
bimetallic strip, L is the length of the bimetallic strip, AT is the temperature change experienced
by the bimetallic strip, and t is the thickness of the bimetallic strip.

The curvature of a bimetallic strip after a temperature change (which has no flexure at
an initial reference temperature) may be expressed by the following Equation 3.

6E:Ea{t: + tz)titoe

B2t + 4K Eaty 5t +6E:Eati2t2 + 4K Eate3ty + Ea2t* (3)

In the above Equation 3, K is the curvature of a bimetallic strip after a temperature
change, E1 is the Young's Modulus of the first material of the bimetallic strip, t1 is the thickness
of the first material of the bimetallic strip, E2 is the Young's Modulus of the second material of
the bimetallic strip, t2 is the thickness of the second material of the bimetallic strip, and € is
the misfit strain. The misfit strain (¢€) is calculated by the following Equation 4.

€= (a1 —az) AT (4)

In the above Equation 4, a; is the thermal expansion coefficient of the first material of
the bimetallic strip, oz is the thermal expansion coefficient of the second material of the
bimetallic strip, and AT is the temperature change based on an initial reference temperature
where the bimetallic strip has no flexure.

In sum, referring back to FIG. 2, an e-vapor device may comprise a reservoir 110
configured to hold a pre-vapor formulation. The reservoir 110 may define an outlet (for
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example, aperture 122) configured to release the pre-vapor formulation therefrom. A heater
116 is configured to heat the pre-vapor formulation released from the reservoir 110 to generate
a vapor. A bimetallic actuator 126 is configured to seal the outlet (for example, aperture 122)
of the reservoir 110 when vaping is not occurring and configured to unseal the outlet when
vaping is occurring.

The bimetallic actuator 126 is a temperature-sensitive structure configured to be in
(and to default/return to) a first position when at a first temperature so as to seal the outlet of
the reservoir 110. When in the first position, the bimetallic actuator 126 is configured to have
a relatively straight form (for example, no flexure). As a result, the tip of the engagement
portion of the bimetallic actuator 126 will be seated in the aperture 122 so as to close the
reservoir 110. When the pre-vapor formulation is in the form of a liquid, the tip of the
engagement portion of the bimetallic actuator 126 and the aperture 122 need not form an
airtight seal in order to close the reservoir 110. Rather, the tightness of the seal need only be
adequate to preclude an outward flow based on the surface tension of the pre-vapor
formulation. The bimetallic actuator 126 is configured to seal the outlet of the reservoir 110
when the first temperature is about 60 degrees Celsius or less. Therefore, at an ambient
temperature (for example, 25 degrees Celsius), the bimetallic actuator 126 is configured to be
relatively straight, with the tip of the engagement portion seated in the aperture 122 to confine
the pre-vapor formulation within the reservoir 110.

Conversely, the bimetallic actuator 126 is configured to deflect to a second position
when at a higher second temperature so as to unseal the outlet of the reservoir 110. When in
the second position, the bimetallic actuator 126 is configured to have a curved form (for
example, downward flexure). For instance, the proximal end of the bimetallic actuator 126
that is secured to the housing 108 may remain fixed, while the strip portion of the bimetallic
actuator 126 undergoes a bend from the differing thermal expansion of the materials of the
strip portion, thereby causing a vertical displacement of the distal end of the bimetallic actuator
126 (which includes the engagement portion). As a result, the tip of the engagement portion
of the bimetallic actuator 126 will become unseated from the aperture 122 so as to open the
reservoir 110.

In an example embodiment, when in the second position, the tip of the engagement
portion of the bimetallic actuator 126 is separated from the aperture 122 by a distance that is
adequate to release the pre-vapor formulation from the reservoir 110 without being completely
withdrawn from the aperture 122. In this example, the tip of the engagement portion of the
bimetallic actuator 126 will still be overlapped by (for example, still partially inserted in) the
aperture 122 when the reservoir 110 is opened. Such a configuration may help enhance the
consistency of the resealing of the reservoir 110 by reducing or preventing the occurrence of
a misalignment of the tip of the engagement portion of the bimetallic actuator 126 with the
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aperture 122. Alternatively, it should be understood that the e-vapor device may be configured
such that the tip of the engagement portion of the bimetallic actuator 126 will be completely
withdrawn from the aperture 122 when the reservoir 110 is opened. The bimetallic actuator
126 is configured to unseal the outlet of the reservoir 110 when the second temperature is
about 100 degrees Celsius or more.

It should be understood that the change the bimetallic actuator 126 undergoes from
the first position (for example, straight) to the second position (for example, curved) is not
binary. Rather, the deflection of the bimetallic actuator 126 occurs in a transitional manner
and is proportional to the temperature of the bimetallic actuator 126. For example, the
bimetallic actuator 126 will begin to bend with an increase in temperature until the tip of the
engagement portion becomes adequately separated from the aperture 122 (for example, at a
temperature of about 100 degrees Celsius) to release the pre-vapor formulation from the
reservoir 110.

The bimetallic actuator 126 is configured to unseal the outlet of the reservoir 110 when
the heater 116 is activated during vaping. The timing of the unsealing may be shortly before,
at the same time as, or shortly after the activation of the heater 116. In this manner, the
existing pre-vapor formulation already in the wick 118 will be heated by the heater 116 to
produce a vapor, and the new pre-vapor formulation released from the reservoir 110 will
replenish the quantity in the wick 118 that was converted to vapor.

The e-vapor device may be configured to cause a direct heating of the bimetallic
actuator 126 in order to open the reservoir 110. For instance, the bimetallic actuator 126 may
be configured to unseal the outlet of the reservoir 110 upon an application of a current to the
bimetallic actuator 126. In an example embodiment, electrical leads are connected to the
proximal end of the strip portion of the bimetallic actuator 126, and a current is supplied (in
response to an activation signal) so as to cause a resistive heating of the materials in the strip
portion of the bimetallic actuator 126. As a result, the bimetallic actuator 126 will deflect away
from the aperture 122 and open the reservoir 110.

Alternatively, the e-vapor device may be configured to cause an indirect heating of the
bimetallic actuator 126 in order to open the reservoir 110. For instance, the bimetallic actuator
126 may be configured to unseal the outlet of the reservoir 110 based on waste heat from the
heater 116. In such an instance, when the heater 116 is activated, the heater 116 will vaporize
the pre-vapor formulation in the wick 118. In addition, the excess/waste heat from the heater
116 will also increase the temperature of the bimetallic actuator 126, thereby causing a
deflection which will open the reservoir 110 to release more pre-vapor formulation to replenish
the quantity in the wick 118 that was vaporized.

The heater 116 and the bimetallic actuator 126 may be activated manually or
automatically for vaping. For manual activation, the e-vapor device may include a button that
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can be depressed to send a signal to supply a current to one or both of the heater 116 and
the bimetallic actuator 126. For automatic activation, the e-vapor device may include a sensor
that detects the fulfillment of one or more conditions and, in response, sends a signal to supply
a current to one or both of the heater 116 and the bimetallic actuator 126. The condition(s)
detected by the sensor may include one or both of the application of a negative pressure on
the mouthpiece 102 (for example, via a puff sensor) and the gesturing of the e-vapor device
which indicates an intent to vape. The gesture sensing and control may be as described in
U.S. Application No. 15/390,810, filed December 27, 2016, titled "BODY GESTURE
CONTROL SYSTEM FOR BUTTON-LESS VAPING," Atty. Dkt. No. 24000-000299-US, the
disclosure of which is incorporated herein in its entirety by reference.

The e-vapor device may also be configured to utilize a combination of manual and
automatic activation. For instance, the e-vapor device may include a button that can be
manually depressed to send a first signal to supply a current to preheat one or both of the
heater 116 and the bimetallic actuator 126 in preparation for vaping (wherein the preheating
will not vaporize the pre-vapor formulation or open the reservoir 110). In addition, once the
requisite condition(s) have been met, a sensor (for example, puff sensor) can send a second
signal to supply a current to one or both of the heater 116 and the bimetallic actuator 126 to
vaporize the pre-vapor formulation and open the reservoir 110.

FIG. 3 is an enlarged view of the bimetallic actuator within the cartridge section of FIG.
2. Referring to FIG. 3, the bimetallic actuator 126 has a strip portion and an engagement
portion 132 at the distal end of the strip portion. The length of the strip portion of the bimetallic
actuator 126 may be greater than a radius of the housing 108. The engagement portion 132
of the bimetallic actuator 126 is configured to mate with the outlet of the reservoir 110 so as
to form a temporary seal.

The strip portion of the bimetallic actuator 126 has a laminate structure including
materials with different thermal expansion coefficients. The laminate structure of the strip
portion of the bimetallic actuator 126 may include a first layer 128 bonded to a second layer
130. The first layer 128 will face the outlet (for example, aperture 122) of the reservoir 110
when the bimetallic actuator 126 is arranged within the cartridge section 100. The thicknesses
of the first layer 128 and the second layer 130 may be relatively uniform from the proximal end
to the distal end of the strip portion. The thermal expansion coefficient of the first layer 128 is
higher than the thermal expansion coefficient of the second layer 130. In an example
embodiment, the thermal expansion coefficient of the first layer 128 is at least 4 x 10°K' more
than the thermal expansion coefficient of the second layer 130. For instance, the first layer
128 of the bimetallic actuator 126 may be formed of copper or an alloy thereof (for example,
brass). In addition, the second layer 130 may be formed of steel.
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The engagement portion 132 may be formed of a resilient material to enhance the
sealing of the reservoir 110 when the tip is seated within the aperture 122. |t is also beneficial
for the material of the engagement portion 132 to be non-reactive (so as to not negatively
interact) with the pre-vapor formulation. For instance, the engagement portion 132 may be
formed of silicone, polyethylene (for example, HDPE, HMWPE), or polyether ether ketone
(PEEK), although example embodiments are not limited thereto.

The distal end of the strip portion of the bimetallic actuator 126 may include a hole
configured to receive and hold the engagement portion 132. In such an instance, the neck of
the engagement portion 132 may be in the hole, while the head and the tip may be on opposite
sides of the strip portion so as to form a snug-fit arrangement. The tip of the engagement
portion 132 of the bimetallic actuator may have a conical or frustoconical shape. The aperture
122 may also have angled side walls that flare outwards (relative to the flow of the pre-vapor
formulation from the reservoir 110) so as to correspond to the tapered surface of the tip of the
engagement portion 132. In such an instance, the contact area between the aperture 122 and
the engagement portion 132 will be increased, thereby enhancing the sealing of the reservoir
110.

FIG. 4 is a cross-sectional view of an opening/sealing arrangement for introduction into
a cartridge section of an e-vapor device according to an example embodiment. Referring to
FIG. 4, the opening/sealing arrangement may be in the form of an insert 134 with a bimetallic
actuator 136 embedded within the inner sidewall of the insert 134. The insert 134 may have
an annular shape, and the bimetallic actuator 136 may be as described in connection with the
bimetallic actuator 126. The opening/sealing arrangement in FIG. 4 may be used in place of
the bimetallic actuator 126 in the cartridge section 100 of FIG. 2.

The opening/sealing arrangement of FIG. 4 may be formed by insert molding or
overmolding. For instance, the manufacturing process may include introducing the proximal
end of the bimetallic actuator 136 into a mold (for forming the insert 134) and then injecting a
material into the mold. The proximal end of the bimetallic actuator 136 may be in the form of
a flange (or other laterally-protruding configuration) to increase the surface area interfacing
with the injected material, thereby allowing the bimetallic actuator 136 to be more securely
anchored in the insert 134. Once the injected material of the insert 134 solidifies, the
arrangement can be removed from the mold. The material for forming the insert 134 may be
pellets of a thermoplastic, such as polyether ether ketone (PEEK), that are melted and
extruded into the mold.

The insert 134 has a size and shape that corresponds relatively closely to the inner
surface of the housing 108. As aresult, during the assembly of the cartridge section 100, the
opening/sealing arrangement can be inserted into the housing 108 so as to be adjacent to the
second gasket 120 and such that the engagement portion of the bimetallic actuator 136 is
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seated within the aperture 122. Due to the relatively close fit, the outer surface of the insert
134 and the inner surface of the housing 108 may form a friction-fit arrangement that is
adequate to maintain the proper positioning of the opening/sealing arrangement.

FIG. 5 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment. Referring to FIG. 5, the cartridge section 100 may be
as described in connection with FIG. 2, except that the opening/sealing arrangement includes
a disc 138 and flange 140. The flange 140 is configured to support and to position the disc
138 against the second gasket 120. The flange 140 may be configured to connect to the
chimney 112 (for example, via a snap-fit arrangement). Alternatively, the flange 140 may be
an integrally formed part of the chimney 112. The disc 138 is configured to rotate in a first
direction to open the reservoir 110 and to rotate in an opposite second direction to close the
reservoir 110.

FIG. 6 is an end view of the opening/sealing arrangement of the cartridge section of
FIG. 5. Referring to FIG. 6, a bimetallic actuator 144 is attached to the disc 138 to effectuate
the pertinent rotation needed to open and close the reservoir 110. The laminate structure of
the bimetallic actuator 144 may be as described in connection with the laminate structure of
the bimetallic actuator 126. The bimetallic actuator 144 is oriented such that a temperature
increase (from the activation of the e-vapor device) will cause an inward bend of the bimetallic
actuator 144 and, consequently, a clockwise rotation of the disc 138. As a result of the
clockwise rotation, the orifice 142 in the disc 138 will align (or at least overlap) with the aperture
122 to open the reservoir 110 and release the pre-vapor formulation. Conversely, a
subsequent temperature decrease (when vaping has ended) will cause a straightening of the
bimetallic actuator 144 and, consequently, a counterclockwise rotation of the disc 138 back to
its original position (for example, as shown in FIG. 6). As a result of the counterclockwise
rotation, the orifice 142 in the disc 138 will no longer align (or overlap) with the aperture 122,
thereby closing the reservoir 110.

Although only one bimetallic actuator 144 is shown in FIG. 6, it should be understood
that a second bimetallic actuator may be utilized to provide an additional mechanical force to
facilitate the rotation of the disc 138. For example, a second bimetallic actuator may be
attached to the disc 138 on the other side of the channel 114 so as to be parallel to the
bimetallic actuator 144. In such an instance, the second bimetallic actuator will have the same
orientation as the bimetallic actuator 144 so as to bend in the same direction in response to a
temperature change.

FIG. 7 is an end view of another opening/sealing arrangement of a cartridge section of
an e-vapor device according to an example embodiment. Referring to FIG. 7, a pair of
bimetallic actuators 146 is secured to a plate 148 designed to undergo a side displacement.
As a default, the plate 148 is configured to cover the aperture 122 so as to close the reservoir
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110. During vaping, the plate 148 is configured to expose the aperture 122 so as to release
the pre-vapor formulation. The plate 148 is engaged with a guide 150 that overlaps a distal
edge of the plate 148. In a non-limiting embodiment, the proximal side of the plate 148 (that
is adjacent to the bimetallic actuators 146) may be flat, while the distal side may be curved
(for example, a convex surface). In such an instance, the surface of the guide 150 that
interfaces with the plate 148 will also be curved (for example, a concave surface) to
correspond to the distal side of the plate 148.

The laminate structure of each of the pair of bimetallic actuators 146 may be as
described in connection with the laminate structure of the bimetallic actuator 126. The pair of
bimetallic actuators 146 is oriented such that a temperature increase (from the activation of
the e-vapor device) will cause the pair of bimetallic actuators 146 to bend and, consequently,
cause the plate 148 to shift/slide to one side (for example, towards the bottom of the page).
As aresult, the orifice 152 in the plate 148 will align (or at least overlap) with the aperture 122
to open the reservoir 110 and release the pre-vapor formulation. Conversely, a subsequent
temperature decrease (when vaping has ended) will cause a straightening of the pair of
bimetallic actuators 146 and, consequently, cause the plate 148 to shift/slide back to its
original position (for example, as shown in FIG. 7). As aresult, the orifice 152 in the plate 148
will no longer align (or overlap) with the aperture 122, thereby closing the reservoir 110.

FIG. 8 is an end view of another opening/sealing arrangement of a cartridge section of
an e-vapor device according to an example embodiment. Referring to FIG. 8, a pair of
bimetallic actuators 154 is secured to a plate 158 designed to undergo a radial displacement
(relative to the center of the channel 114). As a default, the plate 158 is configured to cover
the aperture 122 so as to close the reservoir 110. During vaping, the plate 158 is configured
to expose the aperture 122 so as to release the pre-vapor formulation. The plate 158 is
engaged with a pair of guides 156 that overlap the side edges of the plate 158. In a non-
limiting embodiment, the proximal side of the plate 158 (that is adjacent to the bimetallic
actuators 154) may be flat, while the distal side may be curved (for example, a convex surface)
to correspond to the inner wall of the housing 108.

The laminate structure of each of the pair of bimetallic actuators 154 may be as
described in connection with the laminate structure of the bimetallic actuator 126, except that
each of the pair of bimetallic actuators 154 has a curved form at an ambient temperature (for
example, with the layer of the material with the higher thermal expansion coefficient being on
the inside of the curve). The pair of bimetallic actuators 154 is oriented such that a
temperature increase (from the activation of the e-vapor device) will cause the pair of bimetallic
actuators 154 to straighten and, consequently, push the plate 158 to shift/slide toward the
inner wall of the housing 108. As a result, the orifice 160 in the plate 158 will align (or at least
overlap) with the aperture 122 to open the reservoir 110 and release the pre-vapor formulation.
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Conversely, a subsequent temperature decrease (when vaping has ended) will cause the pair
of bimetallic actuators 154 to bend and, consequently, pull the plate 158 to shift/slide back to
its original position (for example, as shown in FIG. 8). As a result, the orifice 160 in the plate
158 will no longer align (or overlap) with the aperture 122, thereby closing the reservoir 110.

FIG. 9 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment. Referring to FIG. 9, a pair of bimetallic actuators 162
is connected to an engagement structure designed to undergo an axial displacement to
disengage/reengage with the aperture 122. The engagement structure may be as described
in connection with (or analogous to) the previously-discussed engagement portion 132 (for
example, as shown in FIG. 3). As a default, the engagement structure is configured to engage
with the aperture 122 so as to close the reservoir 110. During vaping, the engagement
structure is configured to disengage from the aperture 122 so as to release the pre-vapor
formulation.

The laminate structure of each of the pair of bimetallic actuators 162 may be as
described in connection with the laminate structure of the bimetallic actuator 126, except that
each of the pair of bimetallic actuators 162 has a curved form at an ambient temperature (for
example, with the layer of the material with the higher thermal expansion coefficient being on
the inside of the curve). The pair of bimetallic actuators 162 is oriented such that a
temperature increase (from the activation of the e-vapor device) will cause the pair of bimetallic
actuators 162 to straighten and, consequently, draw the engagement structure out of the
aperture 122, thereby opening the reservoir 110 and releasing the pre-vapor formulation. It
should be understood that the engagement structure does not need to be fully unseated from
the aperture 122 to release the pre-vapor formulation. For instance, the reservoir 110 may be
adequately opened (based on the surface tension of the pre-vapor formulation) even though
a portion of the tip of the engagement structure is still within the aperture 122. Conversely, a
subsequent temperature decrease (when vaping has ended) will cause the pair of bimetallic
actuators 162 to bend and, consequently, insert the engagement structure back into the
aperture 122, thereby closing/sealing the reservoir 110. As discussed supra, the tightness of
the seal need only be adequate to preclude an outward flow based on the surface tension of
the pre-vapor formulation.

FIG. 10 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment. Referring to FIG. 10, a bimetallic actuator 166 is
configured to engage with an aperture 164 to seal the reservoir 110 (at an ambient
temperature) and to disengage from the aperture 164 to release the pre-vapor formulation (at
an elevated temperature). In particular, the bimetallic actuator 166 is oriented such that a
temperature increase (from the activation of the e-vapor device) will cause a deflection away
from the aperture 164, thereby unsealing the aperture 164 to open the reservoir 110 and
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release the pre-vapor formulation. Conversely, a subsequent temperature decrease (when
vaping has ended) will cause the bimetallic actuator 166 to straighten and, consequently,
return to its original position to seal the aperture 164 and close the reservoir 110.

Aside from the different positioning within the cartridge section 100, the bimetallic
actuator 166 may be as described in connection with the bimetallic actuator 126. In addition,
the bimetallic actuator 166 may be in a form of an insert tailored to be received within the
cartridge section 100. Furthermore, the cartridge section 100 in FIG. 10 may be substantially
as described in connection with FIG. 2, except for the omission of the second gasket 120.
Notably, the chimney 112 in FIG. 10 may be a single, extended structure that defines both the
channel 114 and the chamber where the vapor is generated by the heater 116.

FIG. 11 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment. Referring to FIG. 11, a bimetallic actuator 168 is
secured to a plate designed to undergo a circumferential displacement along an inner surface
of the vapor-generating chamber. As a default, the plate is configured to cover the aperture
164 so as to close the reservoir 110. During vaping, the plate is configured to expose the
aperture 164 so as to release the pre-vapor formulation. The plate is engaged with a pair of
guides that overlap the side edges of the plate. Aside from being contoured to correspond to
the inner, cylindrical sidewalls of the vapor-generating chamber, the plate and guides in FIG.
11 may be substantially as described in connection with the plate 158 and guides 156 in FIG.
8.

The laminate structure of the bimetallic actuator 168 may be as described in
connection with the laminate structure of the bimetallic actuator 126, except that the bimetallic
actuator 168 has a curved form at an ambient temperature (for example, with the layer of the
material with the higher thermal expansion coefficient being on the inside of the curve). In
addition, the bimetallic actuator 168 may be positioned so as to contact the inner, cylindrical
sidewalls of the vapor-generating chamber. The bimetallic actuator 168 is oriented such that
a temperature increase (from the activation of the e-vapor device) will cause the bimetallic
actuator 168 to straighten and, consequently, push the plate (for example, outward from the
page). As aresult, the orifice in the plate will align (or at least overlap) with the aperture 164
to open the reservoir 110 and release the pre-vapor formulation. Conversely, a subsequent
temperature decrease (when vaping has ended) will cause the bimetallic actuator 168 to bend
and, consequently, pull the plate to shift/slide back to its original position. As a result, the
orifice in the plate will no longer align (or overlap) with the aperture 164, thereby closing the
reservoir 110.

FIG. 12 is a cross-sectional view of another cartridge section of an e-vapor device
according to an example embodiment. Referring to FIG. 12, a bimetallic actuator 170 (or a
pair) is secured to a plate designed to undergo an axial displacement along an inner surface
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of the vapor-generating chamber. As a default, the plate is configured to cover the aperture
164 so as to close the reservoir 110. During vaping, the plate is configured to expose the
aperture 164 so as to release the pre-vapor formulation. The plate is engaged with a pair of
guides that overlap the side edges of the plate. Aside from being contoured to correspond to
the inner, cylindrical sidewalls of the vapor-generating chamber, the plate and guides in FIG.
12 may be substantially as described in connection with the plate 158 and guides 156 in FIG.
8.

The laminate structure of the bimetallic actuator 170 may be as described in
connection with the laminate structure of the bimetallic actuator 126, except that the bimetallic
actuator 170 has a curved form at an ambient temperature (for example, with the layer of the
material with the higher thermal expansion coefficient being on the inside of the curve). The
bimetallic actuator 170 is oriented such that a temperature increase (from the activation of the
e-vapor device) will cause the bimetallic actuator 170 to straighten and, consequently, push
the plate downward. As a result, the aperture 164 will be uncovered (at least partially) to open
the reservoir 110 and release the pre-vapor formulation. Conversely, a subsequent
temperature decrease (when vaping has ended) will cause the bimetallic actuator 170 to return
to its original curved form and, consequently, pull the plate back upward to cover the aperture
164, thereby closing the reservoir 110 (for example, in a manner analogous to FIG. 8).

A method of controlling a flow of pre-vapor formulation in an e-vapor device may
include sealing an outlet of a reservoir with a bimetallic actuator, wherein the reservoir is
arranged within the e-vapor device and configured to hold the pre-vapor formulation. The
method may also include applying a current to the bimetallic actuator to unseal the outlet of
the reservoir when vaping is initiated.

In an example embodiment, the applying of the current causes the bimetallic actuator
to deflect away from the outlet to unseal the reservoir. The sealing of the outlet of the reservoir
may occur in less than a minute from when the vaping has ceased. In another instance, the
sealing of the outlet of the reservoir may occur after each puff during the vaping.

While a number of example embodiments have been disclosed herein, it should be
understood that other variations may be possible. Such variations are not to be regarded as
a departure from the spirit and scope of the present disclosure, and all such modifications as
would be obvious to one skilled in the art are intended to be included within the scope of the

following claims.
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CLAIMS:

1. An e-vapor device, comprising:

a reservoir configured to hold a pre-vapor formulation, the reservoir defining an outlet
configured to release the pre-vapor formulation therefrom;

a heater configured to heat the pre-vapor formulation released from the reservoir to
generate a vapor; and

a bimetallic actuator configured to seal the outlet of the reservoir when vaping is not

occurring and configured to unseal the outlet when vaping is occurring.

2. The e-vapor device of claim 1, wherein the bimetallic actuator is a temperature-
sensitive structure configured to default to a first position when at a first temperature so as to
seal the outlet of the reservoir and to deflect to a second position when at a higher second
temperature so as to unseal the outlet.

3. The e-vapor device of claim 1 or claim 2, wherein the bimetallic actuator is configured
to seal the outlet of the reservoir when the first temperature is about 60 degrees Celsius or
less.

4. The e-vapor device of claim 1 or claim 2, wherein the bimetallic actuator is configured
to unseal the outlet of the reservoir when the second temperature is about 100 degrees

Celsius or more.

5. The e-vapor device of any one of the preceding claims, wherein the bimetallic actuator
is configured to unseal the outlet of the reservoir when the heater is activated during the
vaping.

6. The e-vapor device of any one of the preceding claims, wherein the bimetallic actuator
is configured to unseal the outlet of the reservoir upon application of a current to the bimetallic

actuator.

7. The e-vapor device of any one of the preceding claims, wherein the bimetallic actuator
is configured to unseal the outlet of the reservoir based on waste heat from the heater.

8. The e-vapor device of any one of the preceding claims, wherein the bimetallic actuator
has an engagement portion configured to mate with the outlet to seal the reservoir.
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9. The e-vapor device of claim 8, wherein the engagement portion of the bimetallic
actuator has a conical or frustoconical shape.

10. The e-vapor device of any one of the preceding claims, wherein the bimetallic actuator

has a laminate structure including materials with different thermal expansion coefficients.

11. The e-vapor device of any one of the preceding claims, wherein the bimetallic actuator
includes a first layer bonded to a second layer, a thermal expansion coefficient of the first layer
being higher than a thermal expansion coefficient of the second layer, the first layer facing the
outlet of the reservoir.

12. The e-vapor device of claim 11, wherein the thermal expansion coefficient of the first
layer is at least 4 x 10°K" more than the thermal expansion coefficient of the second layer.

13. The e-vapor device of claim 11 or claim 12, wherein the first layer of the bimetallic

actuator includes copper.

14. The e-vapor device of any one of the preceding claims, further comprising:

a wick arranged to be in fluidic communication with the pre-vapor formulation released
from the reservoir and in thermal contact with the heater during the vaping, the bimetallic
actuator configured to seal the outlet of the reservoir such that the pre-vapor formulation is not
being continually drawn into the wick when the vaping is not occurring.

15. The e-vapor device of any one of the preceding claims, further comprising:
a power supply configured to supply a current to the heater and the bimetallic actuator.

16. The e-vapor device of claim 15, wherein the power supply is a battery configured to
simultaneously supply the current to the heater and the bimetallic actuator.

17. A method of controlling a flow of pre-vapor formulation in an e-vapor device,
comprising:

sealing an outlet of a reservoir with a bimetallic actuator, the reservoir arranged within
the e-vapor device and configured to hold the pre-vapor formulation; and

applying a current to the bimetallic actuator to unseal the outlet of the reservoir when
vaping is initiated.
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18. The method of claim 17, wherein the applying of the current causes the bimetallic

actuator to deflect away from the outlet to unseal the reservoir.

19. The method of claim 17 or claim 18, wherein the sealing of the outlet of the reservoir

occurs in less than a minute from when the vaping has ceased.

20. The method of claim 17, 18 or 19, wherein the sealing of the outlet of the reservoir

occurs after each puff during the vaping.
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