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(57) ABSTRACT

Presently disclosed thermal actuators may be incorporated
into a self-regulating thermal insulation, such that expansion
and contraction of the thermal actuators in response to
changes in temperature adjacent the thermal insulation auto-
matically changes the thermal resistance of the thermal
insulation. In this manner, a self-regulating thermal insula-
tion may be configured to locally adjust in response to local
changes in temperature of a part being insulated, for
example, during curing or some other manufacturing pro-
cess. Such self-regulating thermal insulation may be con-
figured to respond to temperature changes without feedback
control systems, power, or human intervention. One
example of a thermal actuator may include a first segment of
a first material, and a plurality of second segments of a
second material, the second segments being coupled to the
first segment and spaced apart from one another along the
length of the first segment.
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1
THERMAL ACTUATORS AND RELATED
METHODS

FIELD

The present disclosure relates to thermal actuators and
related methods.

BACKGROUND

Thermal processing is a frequent occurrence in manufac-
turing. Often it is desirable that a manufacturing process
occur at a constant temperature for a set or minimum period
of time. Thermal insulation is typically placed around a
heated object to attempt to maintain a specified temperature
range everywhere on the object. If the object is composed of
a variety of materials with different thermal properties, or if
the object is comprised of complex geometrical features or
varying thicknesses at different locations, heat loss of the
object may be non-homogenous (e.g., some areas of the
object may lose heat faster than others). For such thermal
processing, and especially with complex objects and thermal
profiles, feedback control systems are utilized, in which the
temperature of the object is monitored, and the heat input to
the system is increased or decreased in accordance with the
temperature feedback data. However, such temperature
monitoring can be difficult, impractical, and/or expensive.
Further, special insulation designs must be developed to
accommodate non-uniform heat loss. In some applications,
insulation is customized for a given object, in order to
evenly heat a body that would naturally heat unevenly. Such
temperature monitoring and complex, customized insulation
adds significantly to manufacturing costs in thermal pro-
cessing techniques.

SUMMARY

Generally, presently disclosed thermal actuators may
include one or more first segments of a first material and one
or more second segments of a second material. The second
segments may be coupled to the first segments, which may
be arranged to form a contiguous layer. By contrast, the
second segments may be spaced apart from one another
along the first segments. The different materials may have
different thermal expansion coefficients, such that the ther-
mal actuator may be configured to expand and contract in
response to changes in temperature. For example, some
thermal actuators may form a three-dimensional linear spiral
shape, having a first actuator end and a second actuator end.
Upon a change in temperature in one direction (e.g., an
increase or decrease in temperature adjacent the thermal
actuator), the thermal actuator may compress such that the
first actuator end and the second actuator end are positioned
closer together. Upon a change in temperature in the other
direction, the thermal actuator may expand such that the first
actuator end and the second actuator end are positioned
farther apart.

Such thermal actuators may be incorporated into (e.g.,
positioned within) self-regulating thermal insulation, such
that the thermal resistance of the self-regulating thermal
insulation may automatically change in response to a change
in temperature adjacent one or more sides of the thermal
insulation (e.g., adjacent the thermal actuator). Such self-
regulating thermal insulation may include a first plate, a
second plate, a support structure that couples the first plate
to the second plate, and at least one internal partition
positioned between the first plate and the second plate. In
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some examples, the internal partitions may be movable with
respect to the first plate and second plate. In some examples,
the internal partitions may be substantially stationary with
respect to the first plate and second plate. One or more
thermal actuators may be positioned within the self-regulat-
ing thermal insulation. For example, one or more thermal
actuators may be positioned between the second plate and a
respective internal partition, and/or one or more thermal
actuators may be positioned between adjacent respective
internal partitions. Movement of the thermal actuators in
response to temperature changes on either side of the
self-regulating thermal insulation may effectuate changes in
thermal resistance of the self-regulating thermal insulation.
Methods of making and using thermal actuators and self-
regulating thermal insulation also are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of illustrative, non-exclusive
examples of self-regulating thermal insulation systems
according to the present disclosure.

FIG. 2 is a schematic view of illustrative, non-exclusive
examples of thermal actuators according to the present
disclosure.

FIG. 3 is a schematic, cross-sectional view of one
example of self-regulating thermal insulation according to
the present disclosure, in a first configuration.

FIG. 4 is a schematic view of the self-regulating thermal
insulation of FIG. 3, in a second configuration.

FIG. 5 is a schematic, cross-sectional view of another
example of self-regulating thermal insulation according to
the present disclosure, in a first configuration.

FIG. 6 is a less schematic, side cross-section view of a
portion of the self-regulating thermal insulation of FIG. 5,
including one thermal actuator.

FIG. 7 is a schematic, cross-sectional view of the self-
regulating thermal insulation of FIG. 5, in a second con-
figuration.

FIG. 8 is a less schematic, side cross-section view of a
portion of the self-regulating thermal insulation of FIG. 7,
including one thermal actuator.

FIG. 9 is a perspective view of one example of a thermal
actuator according to the present disclosure.

FIG. 10 is a perspective view of another example of a
thermal actuator according to the present disclosure.

FIG. 11 is a schematic, elevation view of another example
of a thermal actuator according to the present disclosure.

FIG. 12 is a schematic, elevation view of another example
of a thermal actuator according to the present disclosure.

FIG. 13 is a schematic, flow chart diagram, representing
methods according to the present disclosure.

FIG. 14 is a schematic, flow chart diagram, representing
methods of making a thermal actuator according to the
present disclosure.

FIG. 15 is a schematic, flow chart diagram, representing
methods of making self-regulating thermal insulation
according to the present disclosure.

DESCRIPTION

Presently disclosed self-regulating thermal insulation,
thermal actuators, and self-regulating thermal insulation
systems may provide for localized insulation that automati-
cally adjusts its thermal resistance, in response to local
changes in temperature of the object being insulated. Pres-
ently disclosed self-regulating thermal insulation and asso-
ciated thermal actuators may be configured to be self-
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regulating, where different embodiments of self-regulating
thermal insulation may utilize changes in convection prop-
erties and/or thermal conduction (e.g., via contact between
components) in order to automatically adjust thermal resis-
tance of the self-regulating thermal insulation. In this man-
ner, the self-regulating thermal insulation may be configured
to address one or more issues in the prior art, such as
providing varying levels of insulation at various locations on
the object (e.g., different areas of the self-regulating thermal
insulation can account for non-uniform cooling patterns of
the object), in response to non-uniform heat loss from the
object due to the issues discussed above (e.g., complex
geometries and materials having different thermal proper-
ties).

A self-regulating thermal insulation that can react to
temperature of the body or object can eliminate the need for
complex insulation features and may provide practical heat-
ing methods for structures that are conventionally difficult to
heat, at less expensive costs that conventional specially
designed insulation. Self-regulating thermal insulation may
be configured to keep the process temperature significantly
constant, in response to non-uniform heat loss from the part,
changes in ambient temperature, and/or changes in the
heating source, without requiring an electronic feedback
control system, human intervention, temperature monitor-
ing, and/or custom-designed insulation for specific parts. In
some examples, presently disclosed self-regulating thermal
insulation may be combined with heat sources, and/or other
devices.

FIG. 1 illustrates a schematic diagram of non-exclusive
examples of self-regulating thermal insulation systems 10
(also referred to herein as systems 10), according to the
present disclosure. Generally, in the figures, elements that
are likely to be included in a given example are illustrated
in solid lines, while elements that are optional to a given
example are illustrated in broken lines. However, elements
that are illustrated in solid lines are not essential to all
examples of the present disclosure, and an element shown in
solid lines may be omitted from a particular example with-
out departing from the scope of the present disclosure.

Generally, self-regulating thermal insulations systems 10
may include a self-regulating thermal insulation 12 that may
be configured for insulating a body 14. In some examples,
self-regulating thermal insulation systems 10 may addition-
ally include body 14. Body 14 may be, for example, an
object or a portion thereof, a structure or a portion thereof,
a part (e.g., a composite part) or a portion thereof, an
apparatus or a portion thereof, a vehicle or a portion thereof,
a dwelling or a portion thereof, a building or a portion
thereof, an aircraft or a portion thereof, an aircraft compo-
nent or portion thereof, a person or a portion thereof, and/or
an animal or a portion thereof. In some examples, self-
regulating thermal insulation 12 may be used to insulate
body 14 (e.g., a composite part or a portion thereof) tem-
porarily (e.g., for a period of minutes or hours), such as by
keeping a process temperature of body 14 substantially
constant or within a predetermined range during curing, or
some other manufacturing process. In some examples, self-
regulating thermal insulation 12 may be used to insulate
body 14 on a permanent or semi-permanent basis (e.g., long
term; such as for more than a day). For example, self-
regulating thermal insulation 12 may be installed within a
building or dwelling instead of or in addition to conventional
insulation materials. Self-regulating thermal insulation 12
may be coupled to body 14, in contact with body 14, and/or
covering at least a portion of body 14, while in use.
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In some examples, self-regulating thermal insulation sys-
tem 10 may include a plurality of pieces 16 of self-regulating
thermal insulation 12. Plurality of pieces 16 may be coupled
with respect to one another. For example, each piece 16 of
plurality of pieces 16 may be coupled to at least one other
respective piece 16 of the plurality of pieces 16 of self-
regulating thermal insulation 12. In some systems 10, each
piece 16 of self-regulating thermal insulation 12 may be
coupled to and/or contained within a substrate 18. For
example, self-regulating thermal insulation 12 and/or plu-
rality of pieces 16 of self-regulating thermal insulation 12
may be coupled to or contained in a blanket 20, encased in
silicone 22, and/or positioned within a fabric cover 24. For
example, substrate 18 may be a blanket 20, with a plurality
of pieces 16 of self-regulating thermal insulation 12 sewn or
otherwise coupled thereto, contained between adjacent lay-
ers of blanket 20, and/or may be formed of joined pieces 16
of self-regulating thermal insulation 12. In some systems 10,
substrate 18 may be a flexible material, such as a continuous
sheet of insulation material. In some systems 10, substrate
18 may be sized and shaped to cover at least a portion of
body 14. In some systems 10, each piece 16 of self-
regulating thermal insulation 12 and/or substrate 18 may be
a rigid or semi-rigid structure.

In some self-regulating thermal insulation systems 10
containing a plurality of pieces 16 of self-regulating thermal
insulation 12, respective adjacent pieces 16 of self-regulat-
ing thermal insulation 12 may be coupled together, such as
by a connector, a weld, a brazed joint, a solder joint, a hinged
joint, a flexible joint, and/or an adhesive. Respective pieces
16 of self-regulating thermal insulation 12 may be thermally
isolated from other respective pieces 16 of self-regulating
thermal insulation 12 such that the thermal resistance of
each individual piece 16 of self-regulating thermal insula-
tion 12 may automatically change independently of the
thermal resistance of other respective pieces 16 of self-
regulating thermal insulation 12, in response to respective
local temperatures adjacent the individual pieces 16 of
self-regulating thermal insulation 12. For example, a first
thermal resistance of a first piece 25 of self-regulating
thermal insulation 12 adjacent a first portion 26 of body 14
may automatically change in response to changes in a first
local object temperature adjacent first portion 26 of body 14
when first piece 25 of self-regulating thermal insulation 12
is positioned adjacent first portion 26 of body 14, and a
second thermal resistance of a second piece 27 of self-
regulating thermal insulation 12 may automatically change
(independently of the first thermal resistance and the first
local object temperature) in response to changes in a second
local object temperature adjacent a second portion 28 of
body 14, when second piece 27 of self-regulating thermal
insulation 12 is positioned adjacent second portion 28 of
body 14. In other words, the respective local object tem-
perature of body 14 may determine the temperature adjacent
self-regulating thermal insulation 12 when the same is
positioned on or adjacent body 14. Thus, a respective piece
16 of self-regulating thermal insulation 12 (e.g., first piece
25) may have a different thermal resistance at a given time
than does a different respective piece 16 of self-regulating
thermal insulation 12 (e.g., second piece 27), within the
same self-regulating thermal insulation system 10.

Each piece 16 of self-regulating thermal insulation 12
may include a first plate 30, a second plate 32, one or more
support structures 34 coupling first plate 30 to second plate
32, and one or more internal partitions 36 positioned
between first plate 30 and second plate 32. Self-regulating
thermal insulation 12 may include one or more thermal
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actuators 38. One or more thermal actuators 38 may be
positioned between second plate 32 and a respective internal
partition 36, and/or one or more thermal actuators 38 may be
positioned between respective adjacent internal partitions
36.

In use, self-regulating thermal insulation 12 may be
positioned with respect to body 14 such that a second outer
surface 40 of second plate 32 faces body 14. For example,
second outer surface 40 of second plate 32 may contact body
14 and/or be positioned adjacent body 14. Opposite second
outer surface 40, second plate 32 may include a second inner
surface 42. Similarly, first plate 30 may include a first outer
surface 44 and a first inner surface 46 opposite first outer
surface 44. First plate 30 and second plate 32 may be
arranged with respect to one another such that first inner
surface 46 of first plate 30 faces second inner surface 42 of
second plate 32. Support structure 34 may be configured to
separate first plate 30 from second plate 32 by an insulation
thickness 48, which may remain substantially constant. In
some self-regulating thermal insulation systems 10, self-
regulating thermal insulation 12 may include a support
structure 34 that extends around the periphery of first plate
30 and second plate 32, such that support structure 34 may
substantially seal an interior portion 49 of self-regulating
thermal insulation 12 from the ambient environment, with
interior portion 49 being defined by first plate 30, second
plate 32, and support structure 34. In other systems 10,
support structure 34 may be present at some portions of
self-regulating thermal insulation 12, and absent at other
portions. Thus, self-regulating thermal insulation 12 may
have an open end 47, thereby venting interior portion 49 of
self-regulating thermal insulation 12 to an ambient environ-
ment. Depending on the particular configuration of self-
regulating thermal insulation 12, open end 47 may be
positioned opposite support structure 34 in some examples.

Self-regulating thermal insulation 12 may be configured
such that its thermal resistance may automatically change in
response to a change in temperature adjacent first outer
surface 44 of first plate 30 and/or second outer surface 40 of
second plate 32. For example, a change in a process tem-
perature of body 14 adjacent second outer surface 40 of
second plate 32, and/or a change in ambient temperature
adjacent first outer surface 44 of first plate 30 may cause
self-regulating thermal insulation 12 to self-regulate (e.g., its
thermal resistance may automatically change). Self-regulat-
ing thermal insulation 12 may be configured such that
changes in thermal resistance may occur without the use of
a feedback control system (e.g., an electronic feedback
system), without a power source, without the use of moni-
toring, and/or without human intervention.

In some examples, each internal partition 36 may be
coupled to support structure 34 such that the internal parti-
tions 36 are substantially stationary (e.g., substantially fixed)
with respect to one another and with respect to first plate 30
and second plate 32. As will be described in more detail
below, in these examples, thermal actuators 38 may be
coupled adjacent a second actuator end 52 (e.g., coupled to
second plate 32 or to a respective internal partition 36), but
not adjacent a first actuator end 54, such that when thermal
actuators 38 are compressed, their respective first actuator
ends 54 do not contact a respective internal partition 36, but
when thermal actuators 38 are expanded (e.g., in response to
an increase in temperature adjacent second plate 32), first
actuator ends 54 may move towards and/or contact a respec-
tive internal partition 36. Such contact may occur with
increasing pressure as the temperature increases. In this
manner, heat may be conducted through a portion of self-
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regulating thermal insulation 12 via thermal contact between
thermal actuators 38 and internal partitions 36. When ther-
mal actuators 38 do not contact respective internal partitions
36, heat conductance is eliminated or reduced, thereby
automatically changing the thermal resistance of self-regu-
lating thermal insulation 12 in response to a change in
temperature.

In some examples, each internal partition 36 may be free
from connection to support structure 34, such that each
internal partition 36 may be moveable with respect to first
plate 30, second plate 32, and support structure 34, in
response to a change in temperature adjacent first outer
surface 44 and/or second outer surface 40. In these
examples, thermal actuators 38 may be coupled adjacent
both first actuator end 54 (e.g., to a respective internal
partition 36) and adjacent second actuator end 52 (e.g., to a
different respective internal partition 36, or to second plate
32, such as to second inner surface 42 of second plate 32).
Similar to the examples described above, thermal actuators
38 may expand and contract in response to temperature
changes adjacent first plate 30 and/or second plate 32, but
such expansion and contraction also moves internal parti-
tions 36 with respect to first plate 30 and second plate 32.
For example, contraction of thermal actuators 38 (such as in
response to an increase in temperature adjacent second plate
32) may cause movement of internal partitions 36 towards
second plate 32, thereby decreasing a distance 58 between
respective internal partitions 36 (or between a first internal
partition 50 and second plate 32). Such movement of inter-
nal partitions 36 may change the natural convection con-
ductions within self-regulating thermal insulation 12,
thereby changing (e.g. reducing) the thermal resistance of
self-regulating thermal insulation 12.

On the other hand, a reduction in the temperature adjacent
second plate 32 may cause thermal actuators 38 to expand,
thereby moving internal partitions 36 and increasing dis-
tance 58 between respective adjacent internal partitions 36,
and increasing the thermal resistance of self-regulating
thermal insulation 12. In this manner, the thermal resistance
of self-regulating thermal insulation 12 may automatically
change in response to temperature changes, such as local
object temperatures of body 14 adjacent self-regulating
thermal insulation 12. Thus, when it is desired that body 14
be kept at a uniform temperature, and some areas of body 14
lose heat faster than others, presently disclosed self-regu-
lating thermal insulation systems 10 may be employed to
result in a more uniform temperature in different areas of
body 14.

As shown in FIG. 1, self-regulating thermal insulation 12
may include a plurality of internal partitions 36, each
respective internal partition 36 being spaced apart from one
another, and positioned between first plate 30 and second
plate 32. The schematic representation of FIG. 1 shows one
internal partition 36 in solid line, and two additional internal
partitions 36 in dashed line. In other examples, more or
fewer internal partitions 36 may be included within a given
self-regulating thermal insulation 12. For example, self-
regulating thermal insulation 12 may include one or more,
two or more, three or more, four or more, five or more, six
or more, seven or more, eight or more, nine or more, ten or
more, twelve or more, fifteen or more, and/or twenty or more
internal partitions 36. Between each respective adjacent pair
of internal partitions 36 (and between first internal partition
50 and second plate 32), one or more thermal actuators 38
may be positioned. For example, one or more, two or more,
three or more, four or more, five or more, six or more, seven
or more, eight or more, nine or more, ten or more, twelve or
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more, fifteen or more, and/or twenty or more thermal
actuators 38 may be positioned between respective adjacent
pairs of internal partitions 36, and/or between first internal
partition 50 and second plate 32.

In examples including a plurality of internal partitions 36,
at least one thermal actuator 38 may be positioned between
each respective adjacent pair of internal partitions 36 (e.g.,
at least one thermal actuator 38 may be positioned between
first internal partition 50 and a second internal partition 60,
and at least one thermal actuator 38 may be positioned
between second internal partition 60 and a third internal
partition 62, and so on, for each respective pair of adjacent
internal partitions 36). Thermal actuators 38 positioned
between second plate 32 and first internal partition 50 may
be referred to as base actuators 70, and thermal actuators 38
positioned between respective adjacent internal partitions 36
(e.g., between first internal partition 50 and second internal
partition 60) may be referred to as internal actuators 72. As
shown in FIG. 1, in some examples, there may be no thermal
actuators 38 positioned between the respective internal
partition 36 adjacent first plate 30 (e.g., third internal par-
tition 62) and first plate 30. Thus, first plate 30 may be
uncoupled to any internal partitions 36 in some examples.

Some examples of self-regulating thermal insulations 12
and/or self-regulating thermal insulation systems 10 may
include more than one different type of thermal actuator 38.
Within a given layer (e.g., between first internal partition 50
and second plate 32, or between first internal partition 50
and a second internal partition 60), respective adjacent
thermal actuators 38 may be spaced apart from one other.
Between layers, respective thermal actuators 38 may be
staggered with respect to one another, as shown in FIG. 1
(e.g., each thermal actuator 38 positioned between first
internal partition 50 and second internal partition 60 may be
spaced between respective adjacent thermal actuators 38
positioned between first internal partition 50 and second
plate 32, when viewed from above). Additionally or alter-
natively, a given self-regulating thermal insulation 12 may
include a plurality of thermal actuators 38 having a range of
temperatures over which thermal actuators 38 respectively
actuate. For example, among a plurality of thermal actuators
38, some examples include thermal actuators 38 which are
configured to respectively contact a respective internal par-
tition 36 at a range of respective temperatures.

As discussed, each thermal actuator 38 may be configured
to automatically move (e.g., expand or contract) with respect
to first plate 30 and/or second plate 32, in response to a
change in temperature adjacent first outer surface 44 of first
plate 30 and/or a change in temperature adjacent second
outer surface 40 of second plate 32. In examples of self-
regulating thermal insulations 12 where internal partitions
36 are substantially stationary, such movement of thermal
actuators 38 may also be movement with respect to a
respective internal partition 36. In examples where internal
partitions 36 are moveable with respect to first plate 30 and
second plate 32, such movement of thermal actuators 38
may also cause movement of one or more respective internal
partitions 36 (e.g., contraction of a respective thermal actua-
tor 38 may cause a respective internal partition 36 to which
it is coupled to move, such as towards second plate 32). Such
movement of thermal actuators 38 and/or internal partitions
36 may automatically change the thermal resistance of
self-regulating thermal insulation 12 (e.g., by changing
natural convection conditions within self-regulating thermal
insulation 12 and/or by changing thermal conduction con-
ditions within self-regulating thermal insulation 12). Such
changes in thermal resistance and movements of thermal
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actuators 38 and/or internal partitions 36 may be described
as a change in configuration of self-regulating thermal
insulation 12. For example, self-regulating thermal insula-
tion 12 may be configured to transition through a continuum
of configurations between a first configuration and a second
configuration, in response to such changes in temperature.

In some examples, self-regulating thermal insulation 12
may automatically transition towards the second configura-
tion in response to an increase in temperature adjacent
second outer surface 40 of second plate 32, and may
automatically transition towards the first configuration in
response to a decrease in temperature adjacent second outer
surface 40 of second plate 32. Additionally or alternatively,
self-regulating thermal insulation 12 may automatically
transition towards the first configuration in response to a
decrease in temperature adjacent first outer surface 44 of
first plate 30, and may automatically transition towards the
second configuration in response to an increase in tempera-
ture adjacent first outer surface 44 of first plate 30. In some
examples, the first configuration may correspond to a maxi-
mum thermal resistance of self-regulating thermal insulation
12, and the thermal resistance of self-regulating thermal
insulation 12 in the second configuration may be decreased
as compared to the thermal resistance in the first configu-
ration.

Put another way, in some examples, self-regulating ther-
mal insulation 12 may be configured such that a decrease in
temperature adjacent second outer surface 40 of second plate
32 and/or adjacent first outer surface 44 of first plate 30
causes actuation of thermal actuators 38, and increases the
thermal resistance of self-regulating thermal insulation 12.
In some examples, thermal actuators 38 expand in order to
effectuate transitioning towards the first configuration and
increasing the thermal resistance of self-regulating thermal
insulation 12. In other examples, thermal actuators 38 con-
tract in order to effectuate transitioning towards the first
configuration and increasing the thermal resistance of self-
regulating thermal insulation 12. Similarly, in some
examples, self-regulating thermal insulation 12 may be
configured such that an increase in temperature adjacent
second outer surface 40 of second plate 32 and/or adjacent
first outer surface 44 of first plate 30 causes actuation of
thermal actuators 38, and decreases the thermal resistance of
self-regulating thermal insulation 12. Thermal actuators 38
may be configured to contract in order to effectuate transi-
tioning towards the second configuration and decreasing the
thermal resistance of self-regulating thermal insulation 12,
or thermal actuators 38 may be configured to expand in order
to effectuate transitioning towards the second configuration
and decreasing the thermal resistance of self-regulating
thermal insulation 12.

In some examples, each internal partition 36 is substan-
tially equally spaced apart from a respective adjacent inter-
nal partition 36 by distance 58. In some self-regulating
thermal insulations 12, distance 58 may remain substantially
constant (e.g., internal partitions 36 substantially do not
move with respect to first plate 30 and second plate 32). In
other self-regulating thermal insulations 12, distance 58 may
correspond to the approximate distance between respective
adjacent internal partitions 36 when self-regulating thermal
insulation 12 is in the first configuration, and distance 58
may decrease as self-regulating insulation 12 transitions
towards the second configuration (e.g., as internal partitions
36 move towards second plate 32 due to contraction of
thermal actuators 38), as will be described in more detail in
connection with FIGS. 3-4. A gap length 64 between first
inner surface 46 of first plate 30 and the respective internal
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partition 36 adjacent first plate 30 (e.g., third internal par-
tition 62, in FIG. 1) may be less than, substantially equal to,
or greater than distance 58. In some examples, gap length 64
may be substantially constant as self-regulating thermal
insulation 12 transitions from the first configuration to the
second configuration, or vice versa (e.g., in examples where
internal partitions are substantially stationary with respect to
first plate 30 and second plate 32). In other examples, gap
length 64 may increase as self-regulating thermal insulation
12 transitions towards the second configuration (e.g., as
third internal partition 62 moves towards second plate 32),
and gap length 64 may decrease as self-regulating thermal
insulation 12 transitions towards the first configuration.

In some examples, when self-regulating thermal insula-
tion 12 is in the first configuration, first actuator ends 54 may
be free from contact with respective internal partitions 36, as
indicated by dashed lines 56 (e.g., there may be a space
between respective first actuator ends 54 and respective
internal partitions 36). Thermal actuators 38 may expand
and contract between adjacent respective internal partitions
36 (or between second plate 32 and first internal partition
50), through a range of heights, between the first configu-
ration, representing the most compressed state of thermal
actuator 38, and a second configuration (representing the
most expanded state of thermal actuator 38), where thermal
actuator 38 may contact a respective internal partition 36
adjacent first actuator end 54 in the second configuration.
When the temperature adjacent second outer surface 40 of
second plate 32 continues to increase, thermal actuators 38
may contact the respective internal partition 36 with increas-
ing pressure, thereby further decreasing the thermal resis-
tance of self-regulating thermal insulation 12. In this man-
ner, by virtue of the contact between thermal actuators 38
and respective internal partitions 36, thermal conduction
may occur between respective adjacent internal partitions 36
and/or between second plate 32 and first internal partition
50.

Support structure 34 may be a rigid, semi-rigid, or flexible
support structure 34 in various examples of self-regulating
thermal insulation 12. Support structure 34 may be a thermal
insulator. In some examples, each respective internal parti-
tion 36 may be separated from support structure 34 by a gap
or space 66. Space 66 may be smaller than or approximately
equal to distance 58 between second plate 32 and first
internal partition 50. Similarly, space 66 may be smaller than
or approximately equal to distance 58 between respective
adjacent internal partitions 36. Space 66 may be small
enough to substantially prevent natural convection between
respective internal partitions 36 and support structure 34.

First plate 30, second plate 32, and/or internal partitions
36 may be stiff plates in some examples. For example, first
plate 30, second plate 32, and/or internal partitions 36 may
be composed of a metal such as aluminum, one or more
polymers, one or more composite materials, and/or combi-
nations thereof. First plate 30, second plate 32, and/or
internal partitions 36 may be configured to provide a barrier
to heat and/or air. First plate 30, second plate 32, and/or
internal partitions 36 may be thermal insulators. A partition
space 68 between each respective pair of adjacent internal
partitions (and between second plate 32 and first internal
partition 50) may contain, for example, a gas.

Various components of self-regulating thermal insulation
12 may be coupled in any suitable fashion. For example,
thermal actuators 38 may be coupled to second plate 32
(e.g., to second inner surface 42 of second plate 32) and/or
to one or more respective internal partitions 36, respective
internal partitions 36 may be coupled to support structure 34,
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first plate 30 may be coupled to support structure 34, and/or
second plate 32 may be coupled to support structure 34 in
any suitable fashion. One or more thermal actuators 38 may
be coupled to second plate 32 adjacent their respective
second actuator ends 52. One or more thermal actuators 38
may be coupled to one or more respective internal partitions
36 adjacent their respective first actuator ends 54 and/or
their respective second actuator ends 52. Examples of cou-
plings for each of these components may include a fastener,
a rivet, a nut, a bolt, an adhesive, a weld, a solder joint, a
diffusion bond, and/or a brazed joint. Additionally or alter-
natively, one or more thermal actuators 38 may be plasma
sprayed and/or electrochemically deposited on second inner
surface 42 of second plate 32 or on a respective internal
partition 36, adjacent the actuators’ respective first actuator
ends 54 and/or second actuator ends 52.

Turning now to FIG. 2, a schematic representation of
non-exclusive examples of thermal actuators 38 is shown.
Presently disclosed thermal actuators 38 may be configured
to move in response to a change in temperature of the
thermal actuator, and may generally include a first segment
74 and a second segment 76 that are coupled together. First
segment 74 may be composed of a first material having a
first thermal expansion coefficient, and second segment 76
may be composed of a second material having a second
thermal expansion coefficient that is different from the first
thermal expansion coeflicient. The first material may be a
first metallic material, and the second material may be a
second metallic material in some examples, thereby forming
a bi-metallic thermal actuator. Due to the configuration of
thermal actuators 38 (e.g., at least in part due to the different
thermal properties of the first material and the second
material), thermal actuators 38 may automatically expand
and contract in response to respective changes in tempera-
ture.

First segment 74 may have a first upper surface 78 and a
first lower surface 80 opposite first upper surface. Similarly,
second segment 76 may have a second upper surface 82 and
a second lower surface 84 opposite second upper surface 82.
Generally, first segment 74 forms a contiguous layer, which
may consist of one first segment 74 or a plurality of first
segments 74 coupled together to form the contiguous layer.
As used herein, a plurality of segments forms a “contiguous
layer” if at least a portion of neighboring respective seg-
ments are touching or sharing a common edge. First segment
74 (or each first segment 74, in thermal actuators 38 having
a plurality of first segments 74) may have a first length 86,
and second segment 76 (or each second segment 76, in
thermal actuators 38 having a plurality of second segments
76) may have a second length 88, where second length 88
may be less than first length 86. In some examples having a
plurality of first segments 74 and a plurality of second
segments 76, each respective first segment 74 may have a
respective first length 86, and each respective second seg-
ment 76 may have a respective second length 88. In such
examples, the respective first lengths 86 need not all be
equal to one another, but may be substantially equal. Simi-
larly, the respective second lengths 88 need not all be equal
to one another, but may be substantially equal. In these
cases, each respective second length 88 of a respective
second segment 76 may be less than the respective first
length 86 of the respective first segment 74 to which the
respective second segment 76 is coupled.

While first segment 74 forms a contiguous layer, in
thermal actuators 38 having a plurality of second segments
76, respective adjacent second segments 76 may be spaced
apart from one another along first segment 74. Second upper



US 9,952,007 B2

11

surface 82 of each respective second segment 76 may be
coupled to first lower surface 80 of first segment 74. Second
segment 76 may be in contact with first segment 74 (or a
respective first segment 74 of a plurality of first segments
74) along the entire second length 88 of second segment 76.
First upper surface 78 may be substantially parallel to first
lower surface 80. Similarly, second upper surface 82 may be
substantially parallel to second lower surface 84. As used
herein, the descriptors “upper” and “lower” are used for
convenient reference to the orientation shown in the figures,
but are not meant to be limiting of presently disclosed
thermal actuators 38, self-regulating thermal insulations 12,
or self-regulating thermal insulation systems 10.

Thermal actuator 38 may extend from first actuator end 54
to second actuator end 52. Thermal actuator 38 may be
configured to expand such that first actuator end 54 and
second actuator end 52 expand away from each other in
response to a change in temperature (e.g., in response to an
increase or decrease in temperature of the thermal actuator).
Thermal actuator 38 may be configured to contract such that
first actuator end 54 and second actuator end 52 move
towards each other in response to a change in temperature
(e.g., in response to an increase or decrease in temperature
of the thermal actuator). For example, some thermal actua-
tors 38 may expand in response to an increase in tempera-
ture, and contract in response to a decrease in temperature.
Other thermal actuators 38 may contract in response to an
increase in temperature, and expand in response to a
decrease in temperature. As used herein, the actuator ends
(e.g., first actuator end 54 and second actuator end 52) may
be said to “expand away from each other” or “contract
towards each other” even if one or both of the actuator ends
are fixed and/or immovable. For example, in thermal actua-
tors 38 where second actuator end 52 is coupled to a second
plate (e.g., second plate 32) of a self-regulating thermal
insulation (e.g., self-regulating thermal insulation 12), the
ends of thermal actuator 38 may still “expand away from
each other” and “contract towards each other” even though
first actuator end 54 may be the only actuator end that
changes position with respect to second plate 32.

Thermal actuators 38 may include a plurality of second
segments 76, spaced apart along first lower surface 80 of
first segment 74. Thermal actuators 38 may include any
number of second segments 76, such as one or more, two or
more, three or more, four or more, five or more, six or more,
seven or more, eight or more, nine or more, ten or more,
twelve or more, fifteen or more, and/or twenty or more
second segments 76. For example, thermal actuator 38 may
include a first second segment 90, a second second segment
92, a third second segment 94, and a fourth second segment
96, each being spaced apart from each other, as shown in
FIG. 2. In other words, respective adjacent second segments
76 may be arranged such that they do not contact one
another. By contrast, in thermal actuators 38 including a
plurality of first segments 74, respective adjacent first seg-
ments 74 may contact one another and/or be coupled
together to form a contiguous layer. For example, thermal
actuator 38 may include a first first segment 98, a second first
segment 100, a third first segment 102, and a fourth first
segment 104, each contacting and/or coupled together to
form the contiguous layer. Thermal actuators 38 may include
any number of first segments 74, such as at least 1 first
segment 74, at least 2 first segments 74, at least 3 first
segments 74, at least 4 first segments 74, at least 5 first
segments 74, at least 6 first segments 74, at least 7 first
segments 74, at least 8 first segments 74, at least 9 first
segments 74, at least 10 first segments 74, at least 12 first
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segments 74, at least 15 first segments 74, at least 20 first
segments 74, at least 25 first segments 74, at least 30 first
segments 74, and/or at least 50 first segments 74.

In some examples, first segment 74 may be a continuous
layer, integrally formed from a single piece of material.
Thermal actuators 38 may include any number of second
segments 76, such as at least 1 second segment 76, least 2
second segments 76, at least 3 second segments 76, at least
4 second segments 76, at least 5 second segments 76, at least
6 second segments 76, at least 7 second segments 76, at least
8 second segments 76, at least 9 second segments 76, at least
10 second segments 76, at least 12 second segments 76, at
least 15 second segments 76, at least 20 second segments 76,
at least 25 second segments 76, at least 30 second segments
76, and/or at least 50 second segments 76. In some thermal
actuators 38, the number of second segments 76 may be the
same as the number of first segments 74.

Some thermal actuators 38 may include a base segment
106, which may be composed of the second material, just
like second segment 76, however, base segment 106 may
have a base length 108 that is greater than second length 88
of second segment 76 (or second segments 76), and/or
substantially equal to first length 86 of first segment 74 (or
a respective one of first segments 74). Some thermal actua-
tors 38 may include just a single base segment 106 instead
of second segment 76. Some thermal actuators 38 may
include one or more base segments 106 in addition to one or
more second segments 76. Like second segments 76, base
segment 106 may be coupled to first lower surface 80 of first
segment 74 and spaced apart from the respective adjacent
second segment 76, if any.

In some examples, thermal actuator 38 may include one
or more outer segments 110 arranged about an outer edge
112 of first segment 74 (or a plurality of first segments 74).
Outer segments 110 may be composed of the first material,
and each outer segment 110 may have a second segment 76
(or a different length segment composed of the second
material) coupled thereto. Outer segments 110 may be
similar to first segments 74, except that outer segments 110
may have an outer segment length 114 that is longer than
first length 86 of first segment 74. Such thermal actuators 38
may additionally include a transition segment 116 that is
configured to couple a respective first segment 74 to a
respective outer segment 110.

First segments 74 (or one continuous first segment 74)
may be arranged in any suitable overall shape. In some
thermal actuators 38, first segments 74 (or one continuous
first segment 74) may be arranged to form a coil shape, a
linear spiral, a three-dimensional sinusoidal shape, and/or a
three-dimensional nested shape. The first material may be
any suitable material, such as one or more of iron, alumi-
num, zinc, tungsten, titanium, steel, silver, platinum, palla-
dium, nickel, manganese, carbon, gold, copper, bronze, and
combinations thereof. Similarly, the second material may be
any suitable material, such as one or more of iron, alumi-
num, zinc, tungsten, titanium, steel, silver, platinum, palla-
dium, nickel, manganese, carbon, gold, copper, bronze, and
combinations thereof. In some examples, the thermal expan-
sion coeflicient of the first material (also referred to as the
“first thermal expansion coeflicient”) may be greater than
the thermal expansion coefficient of the second material
(also referred to as the “second thermal expansion coeffi-
cient”). For example, the thermal expansion coefficient of
the first material may be at least 1.1 times the second thermal
expansion coeflicient, at least 1.25 times the second thermal
expansion coefficient, at least 1.5 times the second thermal
expansion coeflicient, at least 1.75 times the second thermal



US 9,952,007 B2

13

expansion coefficient, at least 2 times the second thermal
expansion coefficient, at least 3 times the second thermal
expansion coefficient, and/or at least 5 times the second
thermal expansion coefficient. In some examples, the ther-
mal expansion coefficient of the second material may be
greater than the thermal expansion coefficient of the first
material. For example, the second thermal expansion coef-
ficient may be at least 1.1 times the first thermal expansion
coeflicient, at least 1.25 times the first thermal expansion
coeflicient, at least 1.5 times the first thermal expansion
coeflicient, at least 1.75 times the first thermal expansion
coeflicient, at least 2 times the first thermal expansion
coeflicient, at least 3 times the first thermal expansion
coeflicient, and/or at least 5 times the first thermal expansion
coeflicient.

Thermal actuators 38 may be incorporated into a self-
regulating thermal insulation (e.g., self-regulating thermal
insulation 12 of FIG. 1), such as by being positioned within
the self-regulating thermal insulation (e.g., between the
second plate 32 and an adajcent internal partition 36,
between respective adjacent internal partitions 36, etc., as
shown in FIG. 1). As so incorporated, thermal actuators 38
may be configured to automatically change the thermal
resistance of the self-regulating thermal insulation. For
example, expansion and contraction of thermal actuators 38
may cause changes in convection conduction and/or thermal
conductance conditions in a self-regulating thermal insula-
tion according to the present disclosure. Thermal actuators
38 may be configured to expand and contract any suitable
amount, depending on scale and the particular application.
In some examples, thermal actuator 38 may be configured to
expand at least 0.005 mm, at least 0.01 mm, at least 0.02
mm, at least 0.05 mm, at least 0.1 mm, at least 0.2 mm, at
least 0.25 mm, at least 0.5 mm, and/or at least 1 mm in
response to a change in temperature of thermal actuator 38.
Similarly, thermal actuator 38 may be configured to contract
at least 0.005 millimeters (mm), at least 0.01 mm, at least
0.02 mm, at least 0.05 mm, at least 0.1 mm, at least 0.2 mm,
at least 0.25 mm, at least 0.5 mm, and/or at least 1 mm in
response to a change in temperature of thermal actuator 38.

In thermal actuators 38 including a plurality of first
segments 74, respective adjacent first segments 74 may be
coupled together in any suitable manner, such as with a
respective weld, a respective solder joint, an adhesive,
and/or a respective brazed joint. Each respective second
segment 76 may be coupled to a respective first segment 74
in any suitable manner, such as with a respective weld, a
respective solder joint, an adhesive, a respective brazed
joint, a respective diffusion bond, and/or with plasma spray-
ing and/or electrochemical deposition.

Turning now to FIGS. 3-12, illustrative non-exclusive
examples of self-regulating thermal insulation 12 and ther-
mal actuators 38 are illustrated. Where appropriate, the
reference numerals from the schematic illustrations of FIGS.
1-2 are used to designate corresponding parts of FIGS. 3-12;
however, the examples of FIGS. 3-12 are non-exclusive and
do not limit self-regulating thermal insulation 12 or thermal
actuators 38 to the illustrated embodiments of FIGS. 3-12.
That is, self-regulating thermal insulations 12 and thermal
actuators 38 are not limited to the specific embodiments
illustrated and may incorporate any number of the various
aspects, configurations, characteristics, properties, etc. that
are illustrated in and discussed with reference to the sche-
matic representations of FIGS. 1-2 and/or the embodiments
of FIGS. 3-12, as well as variations thereof, without requir-
ing the inclusion of all such aspects, configurations, char-
acteristics, properties, etc. For the purpose of brevity, each
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previously discussed component, part, portion, aspect,
region, etc. or variants thereof may not be discussed, illus-
trated, and/or labeled again with respect to FIGS. 3-12
however, it is within the scope of the present disclosure that
the previously discussed features, variants, etc. may be
utilized with such embodiments.

FIGS. 3-4 schematically illustrate a cross-section of a
self-regulating thermal insulation 115, which is an example
of self-regulating thermal insulation 12, having a plurality of
thermal actuators 38. Self-regulating thermal insulation 115
includes first plate 30, second plate 32, and a plurality (in
this case, 5) of internal partitions 36 spaced apart and
positioned between first plate 30 and second plate 32.
Support structure 34 couples first plate 30 with respect to
second plate 32. In the example of FIGS. 3-4, internal
partitions 36 are not coupled to support structure 34, such
that a respective space 66 exists between each respective
internal partition 36 and support structure 34. FIG. 3 repre-
sents self-regulating thermal insulation 115 in a first con-
figuration, having a maximum thermal resistance, and FIG.
4 represents self-regulating thermal insulation 115 in a
second configuration, having a minimum thermal resistance.

In FIGS. 3-4, thermal actuators 38 are coupled at their
respective first actuator ends 54 to a respective internal
partition 36. Thermal actuators 38 may be configured to
contract in response to an increase in temperature, and
internal partitions 36 may be moveable with respect to first
plate 30 and second plate 32. Thus, as self-regulating
thermal insulation 115 transitions from the first configura-
tion (FIG. 3) towards the second configuration (FIG. 4),
thermal actuators 38 may contract in length, and cause each
internal partition 36 to move towards second plate 32. In so
doing, distance 58 between respective internal partitions 36
(or between second plate 32 and first internal partition 50) is
decreased. Such transitioning towards the second configu-
ration may be caused by an increase in temperature adjacent
second plate 32 (e.g., second outer surface 40 of second
plate 32) and/or by a decrease in temperature adjacent first
plate 30 (e.g., first outer surface 44 of first plate 30). While
distance 58 may be reduced in the second configuration
(FIG. 4) as compared to the first configuration (FIG. 3), gap
length 64 between first plate 30 and the respective adjacent
internal partition 36 (e.g., a fifth internal partition 117) may
be larger in the second configuration than in the first
configuration, due to movement of internal partitions 36
towards second plate 32. Conversely, a change in tempera-
ture in the opposite direction (e.g., a decrease in temperature
adjacent second plate 32 and/or an increase in temperature
adjacent first plate 30) may automatically cause self-regu-
lating thermal insulation 115 to transition towards the first
configuration (FIG. 3), such that thermal actuators 38
expand and internal partitions 36 move towards first plate
30.

Such changing of distance 58 between respective adjacent
internal partitions 36 and changing of gap length 64 may
change the thermal resistance of self-regulating thermal
insulation 115, such as by altering the natural convection
conditions within self-regulating thermal insulation 115. For
example, in the first configuration (FIG. 3), self-regulating
thermal insulation 115 may be configured such that substan-
tially no natural convection occurs between adjacent internal
partitions 36, between first plate 30 and fifth internal parti-
tion 117, and/or between second plate 32 and first internal
partition 50 (e.g., distance 58 and gap length 64 may each be
small enough that natural convection is substantially pre-
vented). By contrast, in the second configuration (FIG. 4),
gap length 64 may be increased to a sufficient enough length
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that natural convection may occur between first plate 30 and
fifth internal partition 117. In some examples, self-regulating
thermal insulation 115 may be configured such that a stag-
nant air barrier is formed between respective adjacent pairs
of internal partitions 36.

Each thermal actuator 38 may have a respective actuator
height 118, which may be the vertical distance between first
actuator end 54 and second actuator end 52. Actuator height
118 may vary between a minimum height (FIG. 4) and a
maximum height (FIG. 3), with changes in actuator height
118 being caused by temperature changes adjacent self-
regulating thermal insulation 115. In the example of FIGS.
3-4, actuator height 118 may be approximately equal to
distance 58, because respective first actuator ends 54 and
respective second actuator ends 52 are coupled to compo-
nents (e.g., second plate 32 or a respective internal partition
36) of self-regulating thermal insulation 115. In the example
of FIGS. 3-4, actuator height 118 may increase towards the
maximum height (e.g., thermal actuator 38 may expand) in
response to a decrease in temperature adjacent second plate
32 and/or in response to an increase in temperature adjacent
first plate 30. Similarly, actuator height 118 may decrease
towards the minimum height (e.g., thermal actuator 38 may
contract) in response to an increase in temperature adjacent
second plate 32 and/or in response to a decrease in tem-
perature adjacent first plate 30. The maximum actuator
height 118 of each thermal actuator 38 may be less than a
distance associated with a critical Rayleigh number of
self-regulating thermal insulation 115, in which thermal
actuators 38 are positioned.

FIGS. 5-8 are schematic cross-sectional views of a self-
regulating thermal insulation 119, which is a second
example of self-regulating thermal insulation 12, in a first
configuration (FIGS. 5-6) and a second configuration (FIGS.
7-8). FIG. 6 illustrates a close-up of a thermal actuator 121,
which is an example of thermal actuator 38, as positioned in
self-regulating thermal insulation 119 of FIG. 5, in the first
configuration. FIG. 8 illustrates a close-up of thermal actua-
tor 121, as positioned in self-regulating thermal insulation
119 of FIG. 7, in the second configuration. Similar to the
example of FIGS. 3-4, self-regulating thermal insulation 119
includes first plate 30, second plate 32, support structure 34,
five internal partitions 36 positioned between first plate 30
and second plate 32, and a plurality of thermal actuators 38
(some or all of which may be thermal actuators 121, or any
other example of thermal actuator disclosed herein) between
respective adjacent internal partitions 36 (or between second
plate 32 and first internal partition 50). By contrast to the
example of FIGS. 3-4, respective thermal actuators 38 in
self-regulating thermal insulation 119 are only coupled at
their respective second actuator ends 52, and their respective
first actuator ends 54 do not contact a respective internal
partition 36 in the first configuration (FIGS. 5-6). In further
contrast to the example of FIGS. 3-4, internal partitions 36
of self-regulating thermal insulation 119 are coupled to
support structure 34, and are substantially stationary with
respect to first plate 30, second plate 32, and support
structure 34.

Self-regulating thermal insulation 119 of FIGS. 5-8 may
be configured such that thermal actuators 38 expand (e.g.,
actuator height 118 increases) in response to an increase in
temperature adjacent second plate 32 thereby reducing the
thermal resistance of self-regulating thermal insulation 119,
and contract (e.g., actuator height 118 decreases) in response
to a decrease in temperature adjacent second plate 32,
thereby increasing the thermal resistance of self-regulating
thermal insulation 119. As shown in FIGS. 7-8, in the second
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configuration, thermal actuators 38 may contact a respective
internal partition 36 adjacent first actuator end 54, thereby
conducting heat between the respective layers of self-regu-
lating thermal insulation 119 via that contact. By contrast, in
the first configuration (FIGS. 5-6), self-regulating thermal
insulation 119 may be configured such that thermal actuators
38 do not contact a respective internal partition 36 adjacent
first actuator end 54 and such that substantially no thermal
conduction occurs between adjacent respective internal par-
titions 36, or between second plate 32 and first internal
partition 50. Thus, self-regulating thermal insulation 119
may be configured such that the thermal conductance of
self-regulating thermal insulation 119 automatically changes
in response to a change in temperature adjacent first outer
surface 44 of first plate 30 and/or a temperature change
adjacent second outer surface 40 of second plate 32.

Thermal actuators 38 may have a first contact surface 120
adjacent first actuator end 54, and a second contact surface
122 adjacent second actuator end 52. Each thermal actuator
38 may be coupled to a respective structure of self-regulat-
ing thermal insulation 119 at second contact surface 122,
such as to second inner surface 42 of second plate 32, or to
a respective internal partition 36. First contact surface 120
may be free from contact when thermal actuators 38 are
contracted (e.g., in the first configuration), as shown in
FIGS. 5-6, and may contact a respective internal partition 36
when thermal actuators 38 expand, such as shown in FIGS.
7-8. By contrast, in self-regulating thermal insulation 115 of
FIGS. 3-4, thermal actuators 38 may be coupled at both first
contact surface 120 and second contact surface 122 (e.g.,
each respective first contact surface 120 may be coupled to
a respective internal partition 36, and each respective second
contact surface 122 may be coupled to second plate 32 or to
a respective internal partition 36).

As best seen in FIGS. 5 and 7, self-regulating thermal
insulation 119 may include a plurality of thermal actuators
38, which may include a plurality of base actuators 70 and
a plurality of internal actuators 72. Self-regulating thermal
insulation 119 may include more or fewer base actuators 70
and/or internal actuators 72 than shown in the figures.
Second contact surfaces 122 of each respective base actuator
70 may be coupled to second inner surface 42 of second
plate 32, while second contact surfaces 122 of each respec-
tive internal actuator 72 may be coupled to a respective
internal partition 36. Self-regulating thermal insulation 12
(e.g., self-regulating thermal insulation 115 of FIGS. 3-4 or
self-regulating thermal insulation 119 of FIGS. 5-8) may
include a plurality of types of thermal actuators 38, such as
some as shown in FIGS. 3-4 (e.g., with both actuator ends
coupled to a portion of the insulation) and some as shown in
FIGS. 5-8 (with first actuator end 54 not coupled to a portion
of the insulation), and/or any other examples of thermal
actuators disclosed herein.

FIG. 9 illustrates another thermal actuator 123, which is
an example of thermal actuator 38, having a plurality of first
segments 74, a plurality of second segments 76, and forming
a linear coil shape. The respective first segment 74 adjacent
second actuator end 52 (e.g., first first segment 98) may have
base segment 106 coupled thereto, whereas the other respec-
tive first segments 74 each have a respective second segment
76 coupled thereto. For example, second first segment 100
may have first second segment 90 coupled thereto, third first
segment 102 may have second second segment 92 coupled
thereto, fourth first segment 104 may have third second
segment 94 coupled thereto, and so on. Each second seg-
ment 76 may have a length that is less than the length of each
respective first segment 74, whereas the length of base
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segment 106 may be approximately equal to the length of
first segment 74, but base segment 106 may be formed of the
same material as second segments 76. Actuator height 118
may be the vertical distance between first actuator end 54
and second actuator end 52, and may change as thermal
actuator 123 expands and contracts in reaction to changes in
temperature adjacent thermal actuator 123. For example,
actuator height 118 may increase when thermal actuator 123
expands, and actuator height 118 may decrease when ther-
mal actuator 123 contracts.

Thermal actuator 123 of FIG. 9 includes a plurality of first
segments 74, which may be integrally formed together, or
may be coupled to one another to form a contiguous layer of
the first material. In examples where a plurality of first
segments 74 are coupled together, each respective first
segment 74 may have a first segment end 124 and a second
segment end 126 opposite first segment end 124. The
plurality of first segments 74 may be arranged with respect
to one another such that respective adjacent first segments
74 are coupled together adjacent a respective first segment
end 124 and second segment end 126. For example, first
segment end 124 of first first segment 98 may be coupled to
second segment end 126 of second first segment 100, first
segment end 124 of second first segment 100 may be
coupled to second segment end 126 of third first segment
102, and so on. In some examples, respective longitudinal
axes of respective adjacent first segments 74 may be sub-
stantially perpendicular to one another. For example, a first
longitudinal axis 128 may be substantially perpendicular to
a second longitudinal axis 130 of a respective adjacent first
segment 74. Each first segment 74 may be substantially
longitudinally extending, as shown in FIG. 9 (e.g., the length
of'each first segment 74 may be significantly greater than the
width and height of the first segment).

Each first segment 74 has first upper surface 78 and first
lower surface 80, with first upper surface 78 generally facing
first actuator end 54, and first lower surface 80 generally
facing second actuator end 52. Each second segment 76 has
second upper surface 82, which is coupled to a respective
first lower surface 80 of a respective first segment 74 or
portion thereof. Opposite second upper surface 82, each
second segment 76 has second lower surface 84, generally
facing second actuator end 52.

Thermal actuator 123 may include first contact surface
120 adjacent first actuator end 54 and second contact surface
122 adjacent second actuator end 52. First contact surface
120 of thermal actuator 123 may be configured to be coupled
to a first reference surface, which may be an internal
partition (e.g., internal partition 36) of a self-regulating
thermal insulation (e.g., self-regulating thermal insulation
12). In some examples, first contact surface 120 may be
configured to be intermittently in contact with a first refer-
ence surface, such as an internal partition of a self-regulating
thermal insulation (such as shown in FIGS. 5-8). First
contact surface 120 may generally be a portion of first upper
surface 78 of the respective first segment 74 adjacent first
actuator end 54. Second contact surface 122 may be con-
figured to be coupled to a second reference surface, which
may be an internal partition or a second plate (e.g., second
plate 32) of a self-regulating thermal insulation. Second
contact surface 122 may generally be a portion of second
lower surface 84 of the respective second segment 76
adjacent second actuator end 54, may be a portion of first
lower surface 80 of the respective first segment 74 adjacent
second actuator end 54, or, as shown in FIG. 9, may be a
portion of base segment 106.
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As shown in FIG. 9, first segments 74 and second seg-
ments 76 may be bent or angled at various points along the
length of the segments. For example, each first segment 74
may take a jointed, elongated form, with a first substantially
flat portion 132, a second substantially flat portion 134, and
an angled portion 136 extending between first substantially
flat portion 132 and second substantially flat portion 134.
First substantially flat portion 132 and second substantially
flat portion 134 may be substantially parallel to each other.
Angled portion 136 may be configured to intersect first
substantially flat portion 132 at a non-zero angle, as shown
in FIG. 9. Similarly, each second segment 76 may include a
horizontally-oriented portion 138 and a ramped portion 140
extending from horizontally-oriented portion 138. Each sec-
ond segment 76 may be positioned with respect to a respec-
tive first segment 74 such that each respective horizontally-
oriented portion 138 is positioned adjacent a respective first
substantially flat portion 132 of a respective first segment 74,
and such that each respective ramped portion 140 is posi-
tioned adjacent a respective angled portion 136 of the
respective first segment 74. As discussed, the length of each
second segment 76 may be less than the length of each first
segment 74, and thus, ramped portion 140 may extend along
only a portion of the length of the respective angled portion
136 adjacent which it is positioned. On the other hand, as
shown in FIG. 9, each respective first segment 74 and second
segment 76 may have substantially equal widths.

First upper surface 78 may form a first planar surface, and
first lower surface 80 may form a second planar surface.
Overall, each first segment 74 may form a respective first
polyhedron 142, and each second segment 76 may form a
respective second polyhedron 144. In some examples, each
respective first polyhedron 142 may include a first rectan-
gular prism 146, a second rectangular prism 148, and a third
rectangular prism 150, all formed integrally together. Each
respective first rectangular prism 146 may correspond to a
respective first substantially flat portion 132, each respective
second rectangular prism 148 may correspond to a respec-
tive angled portion 136, and each respective third rectangu-
lar prism 150 may correspond to a respective second sub-
stantially flat portion 134 of a respective first segment 74.
Similarly, each respective second polyhedron 144 may
include a fourth rectangular prism 152 and a fifth rectangular
prism 154 that are formed integrally together, where each
respective fourth rectangular prism 152 may correspond to
a respective horizontally-oriented portion 138 and each
respective fifth rectangular prism 154 may correspond to a
respective ramped portion 140 of a respective second seg-
ment 76.

FIG. 10 illustrates a thermal actuator 125, which is an
example of thermal actuator 38. As compared to thermal
actuator 123 of FIG. 9, thermal actuator 125 of FIG. 10
includes fewer total segments (e.g., fewer first segments 74
and fewer second segments 76), and forms a three-dimen-
sional nested shape. Thermal actuator 125 includes a plu-
rality of first segments 74, arranged in a similar manner as
first segments 74 in thermal actuator 123 of FIG. 9. How-
ever, rather than continuing the linear spiral in the same
manner as shown in FIG. 9, thermal actuator 125 of FIG. 10
includes a plurality of outer segments 110 arranged around
outer edges 112 of first segments 74, thereby forming the
three-dimensional nested shape. Each outer segment 110
may have a respective second segment 76 coupled thereto,
in a similar fashion as the respective second segments 76
coupled to first segments 74. In order to fit around the
peripheral outer edges 112 of first segments 74, outer
segments 110 may be longer than first segments 74. In some
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examples, second segments 76 may be substantially the
same length whether they are coupled to a respective first
segment 74 or to a respective outer segment 110. In other
examples, respective second segments 76 coupled to outer
segments 110 may be longer than respective second seg-
ments 76 coupled to first segments 74. Thermal actuator 125
may have more or fewer first segments 74, more or fewer
outer segments 110, and/or more or fewer transition seg-
ments 116 in various embodiments, than shown in FIG. 10.

Thermal actuator 125 includes transition segment 116,
which couples the respective first segment 74 most adjacent
first actuator end 54 to the respective outer segment 110
most adjacent second actuator end 52. Due at least in part to
transition segment 116 and the nested arrangement of ther-
mal actuator 125, thermal actuator 125 may be configured to
expand and contract through a proportionately greater range
of heights for a given number of segments or for a given
minimum actuator height.

FIG. 11 illustrates a thermal actuator 127, which is yet
another example of thermal actuator 38. Similar to the other
examples of thermal actuators disclosed herein, thermal
actuator 127 may be formed of a plurality of first segments
74 and a plurality of second segments 76 of different
materials having different thermal expansion coefficients. In
thermal actuator 127, the plurality of first segments 74 may
be formed individually and then coupled or fused together to
form a contiguous layer, or a continuous first segment 74
may be bent at a plurality of locations 156 to effectively
form the plurality of first segments 74. Similarly, the plu-
rality of second segments 76 may be formed individually
and then coupled or fused together, or a continuous second
segment 76 may be bent at a plurality of locations 158 to
effectively form the plurality of second segments 76. While
other examples of thermal actuators 38 described herein
include second segments 76 that are spaced apart from one
another, thermal actuator 127 may include a plurality of
second segments 76 that are coupled together, to form a
contiguous layer of second segments 76, or may be formed
from a continuous second segment 76.

Thermal actuator 127 may be fixed (e.g., coupled to a
respective reference surface) at both first actuator end 54 and
second actuator end 52. In some examples, thermal actuator
127 may be substantially horizontally oriented when incor-
porated into a self-regulating thermal insulation of the
present disclosure. Thermal actuator 127 may be configured
to transition from a first configuration (indicated in solid line
in FIG. 11) to a second configuration (indicated in dashed
line in FIG. 11), in response to changes in temperature
adjacent thermal actuator 127. For example, as shown in
FIG. 11, in response to a change in temperature, thermal
actuator 127 may automatically move such that a first
portion 160 moves in a first direction (e.g., “upward” in FI1G.
11), and a second portion 162 moves in a second direction
(e.g., “downward” in FIG. 11), while remaining fixed at first
actuator end 54 and second actuator end 52. Thermal actua-
tor 127 may be configured to move in various ways in
response to various temperature changes, depending on the
materials selected for first segment 74 and second segment
76.

As shown in FIG. 11, thermal actuator 127 generally may
have a three-dimensional sinusoidal shape, due to the bends
in first segment 74 and second segment 76. In some
examples, thermal actuator 127 may take an overall gener-
ally sinusoidal, S-shaped, curvilinear, bent, oscillating,
undulating, and/or zigzag shape. Each respective first seg-
ment 74 may have a substantially flat portion 132 extending
between two respective angled portions 136 positioned on
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opposite ends of substantially flat portion 132. Similarly,
each respective second segment 76 may have a horizontally-
oriented portion 138 extending between two respective
ramped portions 140 positioned on opposite ends of hori-
zontally-oriented portion 138. Each respective first segment
74 may be positioned with respect to a respective second
segment 76 such that the respective substantially flat portion
132 is coupled to the respective horizontally-oriented por-
tion 138, and such that each respective angled portion 136
is coupled to a respective ramped portion 140. As shown in
FIG. 11, adjacent first segments 74 may be oriented at
approximately 180 degrees with respect to one another. For
example, first first segment 98 may be oriented with angled
portions 136 facing upwards, second first segment 100 may
be oriented with angled portions 136 facing downwards,
third first segment 102 may be oriented with angled portions
136 facing upwards, and so on. Similarly, adjacent second
segments 76 may be oriented at approximately 180 degrees
with respect to one another. For example, first second
segment 90 may be oriented with ramped portions 140
facing upwards, second second segment 92 may be oriented
with ramped portions 140 facing downwards, third second
segment 94 may be oriented with ramped portions 140
facing upwards, and so on. Other configurations are also
possible and within the scope of the present disclosure.

FIG. 12 illustrates a thermal actuator 129, which is
another example of thermal actuator 38. Thermal actuator
129 of FIG. 12, is similar to thermal actuator 127 of FIG. 11,
except that thermal actuator 129 has an odd number of first
segments 74 and second segments 76 (nine of each, as
shown in FIG. 12), whereas thermal actuator 127 of FIG. 11
has an even number of first segments 74 and second seg-
ments 76 (eight of each, as shown in FIG. 11). Thermal
actuator 129 is otherwise similar to thermal actuator 127, but
due to the different configuration, responds differently to
changes in temperature adjacent the thermal actuator. For
example, while thermal actuator 127 moves in response to
temperature changes such that one side moves in the oppo-
site direction from the other side, thermal actuator 129
generally moves in a single direction. For example, as
shown in FIG. 12 in dashed line, thermal actuator 129 may
move downward with respect to its fixed ends (e.g., first
actuator end 54 and second actuator end 52), in response to
a change in temperature. Depending on the respective mate-
rials used for first segment 74 and second segment 76, such
downward movement as indicated in FIG. 12 may be in
response to either a decrease in temperature adjacent thermal
actuator 129, or an increase in temperature adjacent thermal
actuator 129. Thermal actuator 129 may generally move in
the opposite direction (e.g., upwards with respect to the fixed
ends), in response to a change in temperature in the opposite
direction. For example, if thermal actuator 129 is configured
to move generally downward in response to a decrease in
temperature, it may move generally upward in response to
an increase in temperature.

FIGS. 13-15 schematically provide flowcharts that repre-
sent illustrative, non-exclusive examples of methods accord-
ing to the present disclosure. In FIGS. 13-15, some steps are
illustrated in dashed boxes indicating that such steps may be
optional or may correspond to an optional version of a
method according to the present disclosure. That said, not all
methods according to the present disclosure are required to
include the steps illustrated in solid boxes. The methods and
steps illustrated in FIGS. 13-15 are not limiting and other
methods and steps are within the scope of the present
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disclosure, including methods having greater than or fewer
than the number of steps illustrated, as understood from the
discussions herein.

FIG. 13 illustrates methods 200 according to the present
disclosure. Methods 200 may generally include providing a
self-regulating thermal insulation (e.g., self-regulating ther-
mal insulation 12) and/or a self-regulating thermal insulation
system (e.g., self-regulating thermal insulation system 10) at
202, positioning the self-regulating thermal insulation and/
or the self-regulating thermal insulation system with respect
to a body (e.g., body 14) at 204, and insulating the body
using the self-regulating thermal insulation and/or the self-
regulating thermal insulation system at 206. In some meth-
ods 200, providing the self-regulating thermal insulation at
202 may include making the self-regulating thermal insula-
tion, making the self-regulating thermal insulation system,
and/or making a thermal actuator (e.g., thermal actuator 38)
for use with the self-regulating thermal insulation and/or the
self-regulating thermal insulation system. In some methods
200, providing the self-regulating thermal insulation at 202
may include incorporating one or more thermal actuators
within the self-regulating thermal insulation and/or the self-
regulating thermal insulation system at 208, thereby using
the thermal actuator to form a portion of the self-regulating
thermal insulation and/or self-regulating thermal insulation
system. For example, the self-regulating thermal insulation
and the thermal actuators may be manufactured at different
times and/or different locations, and combined before using
the insulation in some methods.

Positioning the insulation with respect to the body at 204
may include coupling the self-regulating thermal insulation
and/or the self-regulating thermal insulation system to the
body at 210. In other methods 200, positioning the insulation
with respect to the body at 204 may include placing the
self-regulating insulation and/or the self-regulating thermal
insulation system on or over some or all of the body,
wrapping or enveloping some or all of the body with the
self-regulating thermal insulation, and/or installing and/or
using the self-regulating thermal insulation in an enclosure,
such as a building or vehicle. In some specific methods 200,
positioning the self-regulating thermal insulation at 204 may
include positioning the self-regulating thermal insulation
with respect to the body such that an outer surface of the
insulation (e.g., second outer surface 40 of second plate 32
of self-regulating thermal insulation 12) faces the body,
and/or positioning the self-regulating thermal insulation
system such that an outer surface of the system (e.g., an
outer surface of a blanket or other material that includes a
plurality of pieces of self-regulating thermal insulation)
faces the body.

Insulating the body using the self-regulating thermal
insulation and/or the self-regulating thermal insulation sys-
tem at 206 may include insulating any body, such as
insulating an object or a portion thereof at 212. In some
methods, insulating the object or a portion thereof at 212
may include insulating the object or the portion of the object
during a manufacturing process and/or a thermal process. In
some methods, insulating the body at 206 may include
insulating a part, such as at least a portion of a composite
part, during curing at 214. Additionally or alternatively,
insulating the body at 206 may include maintaining a
temperature of at least a portion of the body within a
predetermined range for a predetermined period of time, at
216. Insulating the body at 206 may include automatically
changing a thermal resistance at 220, such as automatically
changing a thermal resistance of the self-regulating thermal
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insulation and/or self-regulating thermal insulation system,
without human intervention, a power source, or a feedback
control system.

In some methods 200, insulating the body at 206 may
including insulating a structure (e.g., a dwelling, building, or
other structure) at 218. In other methods, the body may be
a living being, such as using the self-regulating thermal
insulation and/or self-regulating thermal insulation system
(e.g., a blanket with a plurality of pieces of self-regulating
insulation encased therein) to insulate a person or animal.

FIG. 14 illustrates methods 300 of making a thermal
actuator (e.g., thermal actuator 38), which generally may
include forming one or more first segments (e.g., one or
more first segments 74) at 302, forming and coupling one or
more second segments (e.g., one or more second segments
76) to the one or more first segments at 304, and/or arranging
the segments in a three-dimensional shape at 306. To form
the one or more first segments at 302, a sheet of first material
having a first thermal expansion coefficient may be provided
at 308, in some methods 300. One or more linear spirals (or
any other shape) may be cut in the sheet of first material at
310, and then a plurality of bends may be formed in the
linear spiral at 312, in order to form the first segment or
effective plurality of first segments. For example, the first
segment may be bent at 312 in order to form a first
substantially flat portion (e.g., first substantially flat portion
132 adjacent first segment end 124), a second substantially
flat portion (e.g., second substantially flat portion 134 adja-
cent second segment end 126), and an angled portion (e.g.,
angled portion 136) extending therebetween. The first seg-
ment may be bent, shaped, or otherwise formed at 312 a
plurality of times, in order to form the desired three-
dimensional shape and/or to effectively form a plurality of
first segments (e.g., by forming a plurality of angled portions
between a plurality of respective pairs of substantially flat
portions). In some such methods, the first segment may be
one continuous layer (e.g., continuously cut from the sheet
of material, or otherwise formed or extruded as a continuous
layer). In other methods, the first segment may be formed by
coupling together a plurality of first segments to form a
contiguous layer, at 314, such as by welding, soldering,
and/or brazing respective first segments together.

Coupling one or more second segments to the first seg-
ment at 304 may include forming one or more second
segments from a second material having a second thermal
expansion coefficient (which is different than the first ther-
mal expansion coefficient), and coupling at least one second
segment to a first lower surface of the first segment (e.g., first
lower surface 80 of first segment 74), such as by welding,
soldering, brazing, plasma spraying, electrochemical depos-
iting, and/or diffusion bonding the second segment (e.g., a
second upper surface 82 of the second segment) with respect
to the first lower surface of the first segment. Coupling one
or more second segments to the first segment at 304 may
include coupling a plurality of second segments to the first
lower surface of the first segment of the actuator. The length
of each respective second segment may be less than the
length of each respective first segment, and each respective
second segment may be coupled to the first segments such
that each second segment is spaced apart from the other
respective second segments. One or more bends may be
formed in each respective second segment at 316, such as to
form a horizontally-oriented portion (e.g., horizontally-ori-
ented portion 138) and a ramped portion (e.g., ramped
portion 140). The coupled segments may be arranged in a
three-dimensional shape at 306, such as a linear spiral, a
nested shape, and/or a generally sinusoidal shape.
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FIG. 15 illustrates methods 400 of making a self-regulat-
ing thermal insulation (e.g., self-regulating thermal insula-
tion 12) and/or self-regulating thermal insulation system
(e.g., self-regulating thermal insulation system 10). In meth-
ods 400, a first plate and a second plate (e.g., first plate 30
and second plate 32) may be coupled with respect to one
another at 402. For example, coupling the first plate and the
second plate at 402 may include coupling the plates to each
other, such as by coupling the first plate and the second plate
to a support structure (e.g., support structure 34). The first
plate and the second plate may be coupled with respect to
one another at 402 such that the first plate is separated from
the second plate by an insulation thickness, which may
remain substantially constant.

An internal partition (e.g., internal partition 36) may be
positioned between the first plate and the second plate at
404. In some methods, positioning the internal partition at
404 may include positioning a plurality of internal partitions
at 406, such that adjacent respective internal partitions are
spaced apart between the first plate and the second plate. In
some methods 400, the internal partition (or the plurality of
internal partitions) may be coupled to the support structure
at 408. In other methods, the internal partition(s) are not
coupled to the support structure, such as in making a
self-regulating thermal insulation or self-regulating thermal
insulation system where the internal partitions are config-
ured to move with respect to the first plate and the second
plate. In some methods 400, positioning the internal parti-
tions at 404 may include positioning at least one internal
partition that is coupled to the support structure at 408 and
positioning at least one internal partition that is not coupled
to the support structure.

Methods 400 may include positioning one or more ther-
mal actuators (e.g., thermal actuator 38) of one or more
different types disclosed herein between the second plate
and the first plate of the self-regulating thermal insulation
and/or self-regulating thermal insulation system at 410, such
that the thermal actuator is configured to automatically
effectuate a change in the thermal resistance of the self-
regulating thermal insulation and/or self-regulating thermal
insulation system, in response to a change in a temperature
adjacent the same. For example, positioning one or more
thermal actuators at 410 may include positioning one or
more thermal actuators such that at least one thermal actua-
tor intermittently contacts an internal partition of the self-
regulating thermal insulation and/or self-regulating thermal
insulation system, in response to a change in temperature
adjacent the same, in order to change the insulation’s or
system’s thermal resistance. Additionally or alternatively,
positioning one or more thermal actuators at 410 may
include positioning one or more thermal actuators such that
at least one thermal actuator moves an internal partition of
the self-regulating thermal insulation and/or self-regulating
thermal insulation system with respect to the first plate and
second plate, in response to a change in temperature adjacent
the insulation and/or system. Similarly, positioning one or
more thermal actuators at 410 may include positioning one
or more respective thermal actuators that are configured to
actuate (e.g., expand and contract) in response to a different
range of temperatures than other one or more respective
thermal actuators that are also positioned within the self-
regulating thermal insulation and/or self-regulating thermal
insulation system.

In some methods, positioning the thermal actuator at 410
may include positioning one or more thermal actuators
between the second plate and an internal partition. Addi-
tionally or alternatively, positioning the thermal actuator at
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410 may include positioning one or more thermal actuators
between one or more respective pairs of adjacent internal
partitions. In positioning the thermal actuators at 410, one or
both ends (e.g., first actuator end 54 and/or second actuator
end 52) may be coupled to a component of the self-
regulating thermal insulation and/or self-regulating thermal
insulation system. For example, one or more thermal actua-
tors (e.g., one or more respective second actuator ends 52)
may be coupled to the second plate of the self-regulating
thermal insulation and/or self-regulating thermal insulation
system at 412. Additionally or alternatively, one or more
thermal actuators may be coupled to one or more internal
partitions of the self-regulating thermal insulation and/or
self-regulating thermal insulation system at 414. For
example, for thermal actuators positioned between the sec-
ond plate and an internal partition, the second actuator end
of the thermal actuator may be coupled to the second plate
at 412, and the first actuator end of the thermal actuator may
be coupled to the internal partition at 414. For thermal
actuators positioned between respective adjacent internal
partitions, the first actuator end of the thermal actuator may
be coupled to a first respective internal partition at 414, and
the second actuator end of the thermal actuator may be
coupled to a second respective internal partition, also at 414.
Again, in some methods, one only actuator end is coupled to
a reference surface, for some or all of the thermal actuators
incorporated (e.g., positioned) within a self-regulating ther-
mal insulation and/or self-regulating thermal insulation sys-
tem.

The coupling the first plate and the second plate at 402
may include coupling the first plate to the support structure
and/or coupling the second plate to the support structure via
arivet, an adhesive, a fastener, a weld, a solder joint, a braze
joint, plasma spraying, electrochemical depositing, and/or
diffusion bonding. Similarly, coupling the thermal actuator
to the second plate at 412 and/or coupling the thermal
actuator to the internal partition at 414 may include coupling
one or both actuator ends of one or more thermal actuators,
such as via a rivet, an adhesive, a fastener, a weld, a solder
joint, a braze joint, plasma spraying, electrochemical depos-
iting, and/or diffusion bonding.

Tustrative, non-exclusive examples of inventive subject
matter according to the present disclosure are described in
the following enumerated paragraphs:

Al. A thermal actuator, comprising:

a first segment comprising a first material having a first
thermal expansion coefficient, the first segment having a first
upper surface and a first lower surface opposite the first
upper surface, the first segment being a contiguous layer and
having a first length; and

a second segment comprising a second material having a
second thermal expansion coefficient, the second thermal
expansion coefficient being different from the first thermal
expansion coefficient, the second segment having a second
upper surface and a second lower surface opposite the
second upper surface, wherein the second upper surface of
the second segment is coupled to the first lower surface of
the first segment, the second segment having a second
length.

Al.1. The thermal actuator of paragraph A1, wherein the
second length is less than the first length.

Al.2. The thermal actuator of paragraph Al or Al.l,
wherein the thermal actuator extends from a first actuator
end to a second actuator end.

A1.3. The thermal actuator of any of paragraphs A1-A1.2,
wherein the first upper surface is substantially parallel to the
first lower surface.
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Al.4. The thermal actuator of any of paragraphs A1-A1.3,
wherein the first upper surface forms a first planar surface,
and wherein the first lower surface forms a second planar
surface.

Al.5. The thermal actuator of any of paragraphs A1-Al.4,
wherein the first segment forms a first polyhedron.

Al.6. The thermal actuator of paragraph Al.5, wherein
the first polyhedron comprises a first rectangular prism, a
second rectangular prism, and a third rectangular prism,
wherein the first rectangular prism, the second rectangular
prism, and the third rectangular prism are formed integrally
together.

Al.7. The thermal actuator of any of paragraphs A1-Al.5,
wherein the second segment forms a second polyhedron.

Al.8. The thermal actuator of paragraph Al.7, wherein
the second polyhedron comprises a fourth rectangular prism
and a fifth rectangular prism, wherein the fourth rectangular
prism and the fifth rectangular prism are formed integrally
together.

A2. The thermal actuator of any of paragraphs A1-A1.8,
wherein the second segment comprises a plurality of second
segments spaced apart along the first lower surface of the
first segment.

A3. The thermal actuator of any of paragraphs Al-A2,
wherein the thermal actuator is configured to move in
response to a change in a temperature of the thermal
actuator.

A3.1. The thermal actuator of any of paragraphs A1-A3,
wherein the thermal actuator is configured to automatically
expand and contract in response to a respective change in
a/the temperature of the thermal actuator.

A4. The thermal actuator of any of paragraphs A1-A3.1,
wherein the thermal actuator is configured to expand such
that a/the first actuator end and a/the second actuator end
expand away from each other in response to an increase in
a/the temperature of the thermal actuator.

AS. The thermal actuator of any of paragraphs Al-A4,
wherein the thermal actuator is configured to contract such
that a/the first actuator end and a/the second actuator end
contract towards each other in response to a decrease in a/the
temperature of the thermal actuator.

A6. The thermal actuator of any of paragraphs A1-A3.1,
wherein the thermal actuator is configured to expand such
that a/the first actuator end and a/the second actuator end
expand away from each other in response to a decrease in
a/the temperature of the thermal actuator.

A7. The thermal actuator of any of paragraphs A1-A3.1 or
A6, wherein the thermal actuator is configured to contract
such that a/the first actuator end and a/the second actuator
end contract towards each other in response to an increase in
a/the temperature of the thermal actuator.

AS8. The thermal actuator of any of paragraphs Al1-A7,
wherein the first segment comprises a continuous layer.

A9. The thermal actuator of any of paragraphs Al-AS,
wherein the first segment comprises a coil shape.

A10. The thermal actuator of any of paragraphs A1-A9,
wherein the first segment comprises a linear spiral.

All. The thermal actuator of any of paragraphs A1-A10,
wherein the first segment comprises a plurality of first
segments, the plurality of first segments forming the con-
tiguous layer.

All.1. The thermal actuator of paragraph All, wherein
the contiguous layer extends from a/the first actuator end to
a/the second actuator end.

Al2. The thermal actuator of paragraph All, wherein
each first segment of the plurality of first segments com-
prises a respective first segment end and a respective second
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segment end opposite the respective first segment end, and
wherein the plurality of first segments are arranged with
respect to one another such that the respective first segment
end of one respective first segment is coupled to the respec-
tive second segment end of an adjacent respective first
segment.

A13. The thermal actuator of any of paragraphs A11-A12,
each of the plurality of first segments being coupled end to
end to form the contiguous layer.

Al4. The thermal actuator of any of paragraphs A11-A13,
wherein each respective first segment of the plurality of first
segments comprises a respective longitudinal axis extending
from a/the respective first segment end to a/the respective
second segment end, and wherein adjacent respective first
segments are arranged with respect to one another such that
the respective longitudinal axes of respective adjacent first
segments are approximately perpendicular to one another.

A15. The thermal actuator of any of paragraphs A1-Al4,
wherein the first segment comprises a substantially longi-
tudinally extending first segment.

A16. The thermal actuator of any of paragraphs A1-AlS5,
wherein the thermal actuator forms a three-dimensional
sinusoidal shape.

A17. The thermal actuator of any of paragraphs A1-A16,
wherein the thermal actuator forms a three-dimensional
nested shape.

A18. The thermal actuator of any of paragraphs A1-A17,
comprising a first contact surface adjacent the first actuator
end, the first contact surface being configured to be coupled
to a first reference surface.

Al18.1. The thermal actuator of any of paragraphs
A1-A18, comprising a/the first contact surface adjacent the
first actuator end, the first contact surface being configured
to be at least intermittently in contact with a/the first
reference surface.

A19. The thermal actuator of paragraph Al8 or Al8.1,
wherein the first reference surface comprises an internal
partition of a self-regulating insulation.

A19.1. The thermal actuator of any of paragraphs A18-
A19, wherein the first contact surface is formed by a first
portion of the first upper surface of the first segment.

A20. The thermal actuator of any of paragraphs
Al1-A19.1, comprising a second contact surface adjacent
a/the second actuator end, the second contact surface being
configured to be coupled to a second reference surface.

A21. The thermal actuator of paragraph A20, wherein the
second reference surface comprises a second plate of a/the
self-regulating insulation.

A22. The thermal actuator of paragraph A20 or A21,
wherein the second reference surface comprises an/the inter-
nal partition of a/the self-regulating insulation.

A23. The thermal actuator of any of paragraphs A20-A22,
wherein the second contact surface is formed by a second
portion of the second lower surface of the second segment.

A24. The thermal actuator of any of paragraphs A20-A23,
wherein the first segment comprises a first substantially flat
portion, a second substantially flat portion, and an angled
portion extending between the first substantially flat portion
and the second substantially flat portion.

A24.1. The thermal actuator of paragraph A24, wherein
the first substantially flat portion is arranged to be substan-
tially parallel to the second substantially flat portion.

A24.2. The thermal actuator of paragraph A24.1, wherein
the angled portion is configured to intersect the first sub-
stantially flat portion at a non-zero angle.

A25. The thermal actuator of any of paragraphs A20-A23,
wherein the first segment comprises a first angled portion, a
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second angled portion, and a substantially flat portion
extending between the first angled portion and the second
angled portion.

A26. The thermal actuator of any of paragraphs A20-A25,
wherein the second segment comprises a horizontally-ori-
ented portion and a ramped portion.

A27. The thermal actuator of any of paragraphs A20-A25,
wherein the second segment comprises a first ramped por-
tion, a second ramped portion, and a horizontally-oriented
portion extending between the first ramped portion and the
second ramped portion.

A28. The thermal actuator of any of paragraphs A20-A27,
wherein the second segment comprises a base segment and
the thermal actuator further comprises a plurality of third
segments, wherein the second length of the base segment is
greater than a third length of each of the plurality of third
segments.

A28.1. The thermal actuator of paragraph A28, wherein
the second length of the base segment is substantially equal
to the first length of the first segment.

A29. The thermal actuator of paragraphs A24 and A26,
wherein the second segment is positioned with respect to the
first segment such that the horizontally-oriented portion is
positioned adjacent the first substantially flat portion and the
ramped portion is positioned adjacent the angled portion.

A30. The thermal actuator of paragraph A29, wherein the
ramped portion extends only a portion of a length of the
angled portion.

A31. The thermal actuator of paragraph A29 or A30,
wherein the second segment is positioned adjacent the first
lower surface of the first segment.

A32. The thermal actuator of any of paragraphs A1-A31,
wherein the first segment and the second segment have
substantially equal widths.

A33. The thermal actuator of any of paragraphs A1-A32,
wherein the entire second segment contacts the first seg-
ment.

A34. The thermal actuator of any of paragraphs A1-A33,
wherein the first segment comprises a/the plurality of first
segments, wherein the thermal actuator further comprises a
plurality of outer segments arranged about an outer edge of
the plurality of first segments, the plurality of outer segments
comprising the first material, wherein the thermal actuator
further comprises a transition segment configured to couple
a respective one of the first segments of the plurality of first
segments to a respective one of the outer segments of the
plurality of outer segments.

A34.1. The thermal actuator of paragraph A34, wherein
each of the outer segments of the plurality of outer segments
has an outer segment length, the outer segment length being
greater than the first length of each of the first segments of
the plurality of first segments.

A34.2. The thermal actuator of paragraph A34-A34.1,
wherein each respective outer segment of the plurality of
outer segments comprises a respective second segment
coupled thereto.

A35. The thermal actuator of any of paragraphs
Al1-A34.2, wherein the thermal actuator comprises a bi-
metallic actuator.

A36. The thermal actuator of any of paragraphs A1-A35,
wherein first material comprises a first metal.

A36.1. The thermal actuator of any of paragraphs
A1-A36, wherein the first material comprises one or more of
iron, aluminum, zinc, tungsten, titanium, steel, silver, plati-
num, palladium, nickel, manganese, carbon, gold, copper,
bronze, and combinations thereof.
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A37. The thermal actuator of any of paragraphs
A1-A36.1, wherein the second material comprises a second
metal, the second metal being different from the first mate-
rial comprising a/the first metal.

A37.1. The thermal actuator of any of paragraphs
A1-A37, wherein the second material comprises one or
more of iron, aluminum, zinc, tungsten, titanium, steel,
silver, platinum, palladium, nickel, manganese, carbon,
gold, copper, bronze, and combinations thereof.

A38. The thermal actuator of any of paragraphs
A1-A37.1, wherein the first thermal expansion coefficient is
greater than the second thermal expansion coefficient.

A39. The thermal actuator of any of paragraphs
A1-A37.1, wherein the second thermal expansion coefficient
is greater than the first thermal expansion coefficient.

A40. The thermal actuator of any of paragraphs A1-A39,
wherein the thermal actuator is positioned inside a self-
regulating thermal insulation and is configured to automati-
cally change the thermal resistance of the self-regulating
thermal insulation.

A41. The thermal actuator of any of paragraphs A1-A40,
wherein the thermal actuator is positioned inside a/the
self-regulating thermal insulation and is configured to auto-
matically change the convection conditions within the self-
regulating thermal insulation.

A42. The thermal actuator of any of paragraphs Al1-A41,
wherein the thermal actuator is configured to expand at least
0.005 mm, at least 0.01 mm, at least 0.02 mm, at least 0.05
mm, at least 0.1 mm, at least 0.2 mm, at least 0.25 mm, at
least 0.5 mm, and/or at least 1 mm in response to a change
in temperature of the thermal actuator.

A42.1. The thermal actuator of any of paragraphs
Al1-A42; wherein the thermal actuator is configured to
contract at least 0.005 mm, at least 0.01 mm, at least 0.02
mm, at least 0.05 mm, at least 0.1 mm, at least 0.2 mm, at
least 0.25 mm, at least 0.5 mm, and/or at least 1 mm in
response to a change in temperature of the thermal actuator.

A43. The thermal actuator of any of paragraphs
Al1-A42.1, wherein the first segment comprises at least 2
first segments, at least 3 first segments, at least 4 first
segments, at least 5 first segments, at least 6 first segments,
at least 7 first segments, at least 8 first segments, at least 9
first segments, at least 10 first segments, at least 12 first
segments, at least 15 first segments, at least 20 first seg-
ments, at least 25 first segments, at least 30 first segments,
and/or at least 50 first segments.

A43.1. The thermal actuator of any of paragraphs
A1-A43, wherein the first segment comprises a first number
of first segments, wherein the second segment comprises a
second number of second segments, and wherein the first
number equals the second number.

A44. The thermal actuator of any of paragraphs
A1-A43.1, wherein the second segment comprises at least 2
second segments, at least 3 second segments, at least 4
second segments, at least 5 second segments, at least 6
second segments, at least 7 second segments, at least 8
second segments, at least 9 second segments, at least 10
second segments, at least 12 second segments, at least 15
second segments, at least 20 second segments, at least 25
second segments, at least 30 second segments, and/or at least
50 second segments.

A45. The thermal actuator of any of paragraphs Al1-A44,
wherein the first thermal expansion coefficient is at least 1.1
times the second thermal expansion coefficient, at least 1.25
times the second thermal expansion coefficient, at least 1.5
times the second thermal expansion coefficient, at least 1.75
times the second thermal expansion coefficient, at least 2
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times the second thermal expansion coefficient, at least 3
times the second thermal expansion coefficient, and/or at
least 5 times the second thermal expansion coefficient.

A46. The thermal actuator of any of paragraphs A1-A44,
wherein the second thermal expansion coefficient is at least
1.1 times the first thermal expansion coefficient, at least 1.25
times the first thermal expansion coeflicient, at least 1.5
times the first thermal expansion coefficient, at least 1.75
times the first thermal expansion coefficient, at least 2 times
the first thermal expansion coefficient, at least 3 times the
first thermal expansion coefficient, and/or at least 5 times the
first thermal expansion coefficient.

A47. The thermal actuator of any of paragraphs A1-A46,
wherein the thermal actuator has a height defined as the
vertical distance between a/the first actuator end and a/the
second actuator end, wherein the height varies between a
minimum height and a maximum height, in response to the
temperature of the thermal actuator.

A48. The thermal actuator of paragraph A47, wherein the
height of the thermal actuator increases towards the maxi-
mum height in response to an increase in a/the temperature
of the thermal actuator.

A49. The thermal actuator of paragraph A47, wherein the
height of the thermal actuator decreases towards the mini-
mum height in response to an increase in a/the temperature
of the thermal actuator.

AS50. The thermal actuator of paragraph A47 or A49,
wherein the height of the thermal actuator increases towards
the maximum height in response to a decrease in a/the
temperature of the thermal actuator.

AS1. The thermal actuator of paragraph A47 or A4S,
wherein the height of the thermal actuator decreases towards
the minimum height in response to a decrease in a/the
temperature of the thermal actuator.

AS52. The thermal actuator of paragraph A47, wherein the
maximum height of the thermal actuator is less than a
distance associated with a critical Rayleigh number of a
self-regulating thermal insulation in which the thermal
actuator is configured for use.

AS53. The thermal actuator of any of paragraphs A1-A52,
wherein the first segment comprises a/the plurality of first
segments, and wherein each respective first segment of the
plurality of first segments has a respective segment length,
each respective segment length being substantially equal to
the first length.

AS54. The thermal actuator of any of paragraphs A1-A53,
wherein the first segment comprises a/the plurality of first
segments, and wherein each respective first segment is
coupled to a respective adjacent first segment by a respective
weld, a respective solder joint, an adhesive, and/or a respec-
tive brazed joint.

A54.1. The thermal actuator of any of paragraphs
A1-A54, wherein the second segment is plasma sprayed on
the first segment, and/or electrochemically deposited on the
first segment.

A54.2. The thermal actuator of any of paragraphs
Al1-A54.1, wherein the first segment is plasma sprayed on
the second segment, and/or electrochemically deposited on
the second segment.

AS5. The thermal actuator of any of paragraphs
Al1-A54.2, wherein second segment is coupled to the first
segment by a weld, a solder joint, a brazed joint, and/or a
diffusion bond.

Bl1. A self-regulating thermal insulation, comprising:

a first plate having a first outer surface and a first inner
surface;
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a second plate having a second outer surface and a second
inner surface, the second inner surface facing the first inner
surface of the first plate;

a support structure coupling the first plate to the second
plate, the support structure being configured to position the
first plate with respect to the second plate such that the first
plate is separated from the second plate by an insulation
thickness; and

an internal partition positioned between the first plate and
the second plate, wherein the self-regulating thermal insu-
lation is configured such that a thermal resistance of the
self-regulating thermal insulation automatically changes in
response to a change in a temperature adjacent one or more
of'the first outer surface of the first plate and the second outer
surface of the second plate.

B2. The self-regulating thermal insulation of paragraph
B1, wherein the internal partition is configured to move with
respect to the first plate in response to a/the change in a/the
temperature adjacent one or more of the first outer surface of
the first plate and the second outer surface of the second
plate.

B2.1. The self-regulating thermal insulation of paragraph
B2, wherein the self-regulating thermal insulation further
comprises an actuator coupled to the second inner surface of
the second plate, the actuator being configured to move the
internal partition with respect to the first plate in response to
a/the change in a/the temperature adjacent one or more of the
first outer surface of the first plate and the second outer
surface of the second plate.

B2.2. The self-regulating thermal insulation of paragraph
B2.1, wherein the actuator is coupled to the internal parti-
tion.

B2.3. The self-regulating thermal insulation of paragraph
B2.1 or B2.2, wherein the self-regulating thermal insulation
is configured such that movement of the internal partition
with respect to the first plate changes the thermal resistance
of the self-regulating thermal insulation.

B3. The self-regulating thermal insulation of any of
paragraphs B1-B2.3, wherein the internal partition is con-
figured to move with respect to the second plate in response
to a/the change in a/the temperature adjacent one or more of
the first outer surface of the first plate and the second outer
surface of the second plate.

B3.1. The self-regulating thermal insulation of paragraph
B3, wherein the self-regulating thermal insulation further
comprises an/the actuator coupled to the second inner sur-
face of the second plate, the actuator being configured to
move the internal partition with respect to the second plate
in response to a/the change in a/the temperature adjacent one
or more of the first outer surface of the first plate and the
second outer surface of the second plate.

B3.2. The self-regulating thermal insulation of paragraph
B3.1, wherein the actuator is coupled to the internal parti-
tion.

B3.3. The self-regulating thermal insulation of paragraph
B3.1 or B3.2, wherein the self-regulating thermal insulation
is configured such that movement of the internal partition
with respect to the second plate changes the thermal resis-
tance of the self-regulating thermal insulation.

B4. The self-regulating thermal insulation of any of
paragraphs B1-B3.3, wherein the internal partition is sub-
stantially stationary with respect to the first plate and the
second plate.

BS5. The self-regulating thermal insulation of any of
paragraphs B1-B4, wherein the internal partition comprises
a plurality of internal partitions, each of the internal parti-
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tions of the plurality of internal partitions being spaced apart
from one another and positioned between the first plate and
the second plate.

B6. The self-regulating thermal insulation of any of
paragraphs B1-BS, further comprising an/the actuator,
wherein the actuator is the thermal actuator of any of
paragraphs A1-ASS.

B6.1. The self-regulating thermal insulation of paragraph
B6, wherein the actuator is coupled to the second inner
surface of the second plate or to the internal partition.

B6.2. The self-regulating thermal insulation of paragraph
B6 or 136.1, wherein the actuator is coupled to the second
inner surface of the second plate or to the internal partition,
adjacent a/the second actuator end of the actuator.

B6.3. The self-regulating thermal insulation of any of
paragraphs B6-B6.2, wherein the actuator is coupled to the
second inner surface of the second plate or to the internal
partition at a/the second contact surface of the actuator,
adjacent a/the second actuator end of the actuator.

B6.4. The self-regulating thermal insulation of any of
paragraphs B6-B6.3, wherein the actuator comprises a plu-
rality of actuators.

B7. The self-regulating thermal insulation of paragraph
B6.4, wherein the internal partition comprises a/the plurality
of internal partitions, wherein at least a first actuator of the
plurality of actuators is positioned between the second plate
and a first internal partition of the plurality of internal
partitions, and wherein at least a second actuator of the
plurality of actuators is positioned between the first internal
partition and a second internal partition of the plurality of
internal partitions.

B8. The self-regulating thermal insulation of any of
paragraphs B6.4-B7, wherein the internal partition com-
prises a/the plurality of internal partitions, wherein at least
one actuator of the plurality of actuators is positioned
between each respective adjacent pair of internal partitions
of the plurality of internal partitions, and wherein at least
one actuator of the plurality of actuators is positioned
between the second plate and one of the plurality of internal
partitions.

B8.1. The self-regulating thermal insulation of any of
paragraphs B6-B8, wherein the thermal actuator is config-
ured to automatically move with respect to the internal
partition in response to a/the change in a/the temperature
adjacent one or more of the first outer surface of the first
plate and the second outer surface of the second plate,
thereby changing the thermal resistance of the self-regulat-
ing thermal insulation.

B9. The self-regulating thermal insulation of any of
paragraphs B1-B8.1, wherein the self-regulating thermal
insulation automatically changes configuration in response
to a/the change in a/the temperature adjacent one or more of
the first outer surface of the first plate and the second outer
surface of the second plate.

B9.1. The self-regulating thermal insulation of paragraph
B9, wherein the self-regulating thermal insulation is con-
figured to transition through a continuum of configurations
between a first configuration and a second configuration in
response to a/the change in a/the temperature adjacent one or
more of the first outer surface of the first plate and the second
outer surface of the second plate.

B9.2. The self-regulating thermal insulation of paragraph
B9.1, wherein the self-regulating thermal insulation auto-
matically transitions towards the second configuration in
response to an increase in temperature adjacent the second
outer surface of the second plate.
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B9.3. The self-regulating thermal insulation of any of
paragraphs B9.1-B9.2, wherein the self-regulating thermal
insulation automatically transitions towards the first con-
figuration in response to a decrease in temperature adjacent
the first outer surface of the first plate.

B10. The self-regulating thermal insulation of any of
paragraphs B9.1-B9.3, wherein, in the first configuration,
the thermal resistance of the self-regulating thermal insula-
tion is maximized.

B11. The self-regulating thermal insulation of any of
paragraphs B9.1-B10, wherein, in the first configuration,
each internal partition of a/the plurality of internal partitions
is substantially equally spaced apart from a respective
adjacent internal partition by a first distance.

B11.1. The self-regulating thermal insulation of para-
graph B11, wherein, in the first configuration, a second
distance between the first inner surface of the first plate and
an adjacent internal partition of the plurality of internal
partitions is less than or equal to the first distance.

B11.2. The self-regulating thermal insulation pf para-
graph B11 or B11.1, wherein, in the first configuration, a
respective internal partition of the plurality of internal
partitions adjacent the second inner surface of the second
plate is substantially spaced apart from the second plate by
the first distance.

B12. The self-regulating thermal insulation of any of
paragraphs B9.1-B11.2, wherein, in the first configuration,
the self-regulating thermal insulation is configured such that
substantially no natural convection occurs between adjacent
internal partitions of a/the plurality of internal partitions,
between the first plate and a respective adjacent internal
partition of the plurality of internal partitions, or between the
second plate and a respective adjacent internal partition of
the plurality of internal partitions.

B12.1. The self-regulating thermal insulation of para-
graph B12, wherein the self-regulating thermal insulation is
configured to form a stagnant air barrier between respective
adjacent pairs of internal partitions of the plurality of
internal partitions.

B13. The self-regulating thermal insulation of any of
paragraphs B9.1-B12.1, wherein, in the first configuration,
the self-regulating thermal insulation is configured such that
substantially no thermal conduction occurs between adja-
cent internal partitions of a/the plurality of internal parti-
tions, between the first plate and a respective adjacent
internal partition of the plurality of internal partitions, or
between the second plate and a respective adjacent internal
partition of the plurality of internal partitions.

B14. The self-regulating thermal insulation of any of
paragraphs B9.1-B13, wherein, in the first configuration,
a/the first actuator end of an/the actuator is free from contact
with the internal partition.

B15. The self-regulating thermal insulation of any of
paragraphs B9.1-B14, wherein, in the second configuration,
each internal partition of a/the plurality of internal partitions
is substantially equally spaced apart from a respective
adjacent internal partition by a third distance, wherein the
third distance is less than a/the first distance between respec-
tive internal partitions in the first configuration.

B16. The self-regulating thermal insulation of any of
paragraphs B9.1-B15, wherein, in the second configuration,
the thermal resistance of the self-regulating thermal insula-
tion is decreased as compared to the thermal resistance in the
first configuration.

B17. The self-regulating thermal insulation of any of
paragraphs B9.1-B16, wherein, in the second configuration,
a fourth distance between the first inner surface of the first
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plate and an adjacent internal partition of the plurality of
internal partitions is greater than a/the second distance
between the first inner surface of the first plate and the
adjacent internal partition of the plurality of internal parti-
tions in the first configuration.

B18. The self-regulating thermal insulation of any of
paragraphs B9.1-B17, wherein, in the second configuration,
the self-regulating thermal insulation is configured such that
natural convection occurs between the first plate and a
respective adjacent internal partition of the plurality of
internal partitions.

B19. The self-regulating thermal insulation of any of
paragraphs B9.1-B18, wherein, in the second configuration,
an/the actuator contacts the internal partition adjacent a/the
first actuator end of the actuator.

B20. The self-regulating thermal insulation of any of
paragraphs B9.1-B19, wherein, in the second configuration,
one or more respective actuators of a/the plurality of actua-
tors contacts a respective internal partition of a/the plurality
of internal partitions, adjacent a/the respective first actuator
end of the one or more respective actuators.

B20.1. The self-regulating thermal insulation of para-
graph B20, wherein the plurality of actuators are configured
such that an increase in an external temperature adjacent the
second outer surface of the second plate causes the plurality
of actuators to contact the respective internal partition with
an increased pressure, thereby decreasing the thermal resis-
tance of the self-regulating thermal insulation.

B21. The self-regulating thermal insulation of any of
paragraphs B9.1-B20.1, wherein, in the second configura-
tion, the self-regulating thermal insulation is configured
such that thermal conduction occurs between adjacent inter-
nal partitions of a/the plurality of internal partitions, or
between the second plate and a respective adjacent internal
partition of the plurality of internal partitions.

B22. The self-regulating thermal insulation of any of
paragraphs B1-B21, wherein the insulation thickness is
substantially constant.

B23. The self-regulating thermal insulation of any of
paragraphs B1-B22, wherein the internal partition is coupled
to the support structure.

B24. The self-regulating thermal insulation of any of
paragraphs B1-B23, wherein the self-regulating thermal
insulation comprises a/the plurality of actuators, the plural-
ity of actuators having a range of temperatures over which
they respectively actuate.

B25. The self-regulating thermal insulation of any of
paragraphs B1-B24, wherein the self-regulating thermal
insulation comprises a/the plurality of actuators, the plural-
ity of actuators having a range of temperatures over which
they respectively contact a respective internal partition of
a/the plurality of internal partitions.

B26. The self-regulating thermal insulation of any of
paragraphs B1-B25, wherein a decrease in an/the external
temperature adjacent the second outer surface of the second
plate causes actuation of a/the actuator, thereby increasing
the thermal resistance of the self-regulating thermal insula-
tion.

B27. The self-regulating thermal insulation of any of
paragraphs B1-B26, wherein an increase in an/the external
temperature adjacent the second outer surface of the second
plate causes actuation of a/the actuator, thereby decreasing
the thermal resistance of the self-regulating thermal insula-
tion.

B28. The self-regulating thermal insulation of any of
paragraphs B1-B27, wherein the second outer surface of the

20

30

40

45

55

65

34

second plate is configured to be positioned adjacent a part,
or a portion thereof, that is curing at an elevated temperature.

B29. The self-regulating thermal insulation of any of
paragraphs B1-B28, wherein the self-regulating thermal
insulation comprises a/the plurality of actuators, the plural-
ity of actuators each having a/the respective second contact
surface adjacent a/the respective second actuator end,
wherein at least some of the second contact surfaces adja-
cent the second actuator ends of the plurality of actuators are
coupled to the second inner surface of the second plate.

B30. The self-regulating thermal insulation of any of
paragraphs B1-B29, wherein the self-regulating thermal
insulation comprises a/the plurality of actuators, the plural-
ity of actuators each having a/the respective second contact
surface adjacent a/the respective second actuator end,
wherein at least some of the second contact surfaces adja-
cent the second actuator ends of the plurality of actuators are
coupled to a respective internal partition of a/the plurality of
internal partitions.

B31. The self-regulating thermal insulation of any of
paragraphs B1-B30, wherein the self-regulating thermal
insulation comprises a/the plurality of actuators, the plural-
ity of actuators each having a/the respective first contact
surface adjacent a/the respective first actuator end, wherein
at least some of the first contact surfaces of the plurality of
actuators are coupled to a respective internal partition of
a/the plurality of internal partitions.

B32. The self-regulating thermal insulation of any of
paragraphs B1-B31, wherein the support structure is a rigid
support structure.

B33. The self-regulating thermal insulation of any of
paragraphs B1-B32, wherein the internal partition is sepa-
rated from the support structure by a gap.

B33.1. The self-regulating thermal insulation of para-
graph B33, wherein the gap is smaller than a/the first
distance between the internal partition and the second inner
surface of the second plate.

B34. The self-regulating thermal insulation of paragraph
B33 or B33.1, wherein the internal partition comprises a/the
plurality of internal partitions, and wherein the gap is
smaller than a/the first distance between respective internal
partitions of the plurality of internal partitions.

B35. The self-regulating thermal insulation of any of
paragraphs B33-B34, wherein the gap is small enough to
substantially prevent natural convection between the inter-
nal partition and the support structure.

B36. The self-regulating thermal insulation of any of
paragraphs B1-B35, wherein the second plate is stiff.

B37. The self-regulating thermal insulation of any of
paragraphs B1-B36, wherein the second plate comprises one
or more of aluminum, a polymer, and a composite material.

B38. The self-regulating thermal insulation of any of
paragraphs B1-B37, wherein the second plate is configured
to provide a second barrier to heat and air.

B39. The self-regulating thermal insulation of any of
paragraphs B1-B38, wherein the first plate is stiff.

B40. The self-regulating thermal insulation of any of
paragraphs B1-B39, wherein the first plate comprises one or
more of aluminum, a/the polymer, and a/the composite
material.

B41. The self-regulating thermal insulation of any of
paragraphs B1-B40, wherein the first plate is configured to
provide a first barrier to heat and air.

B42. The self-regulating thermal insulation of any of
paragraphs B1-B41, wherein the internal partition is stiff.
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B43. The self-regulating thermal insulation of any of
paragraphs B1-B42, wherein the internal partition comprises
one or more of aluminum, a/the polymer, and a/the com-
posite material.

B44. The self-regulating thermal insulation of any of
paragraphs B1-B43, wherein the internal partition is con-
figured to provide a third barrier to heat and air.

B45. The self-regulating thermal insulation of any of
paragraphs B1-B44, wherein the self-regulating thermal
insulation is configured such that the thermal resistance of
the self-regulating thermal insulation automatically
decreases in response to an/the increase in a/the temperature
adjacent the second outer surface of the second plate.

B46. The self-regulating thermal insulation of any of
paragraphs B1-B45, wherein the self-regulating thermal
insulation is configured such that a thermal conductance of
the self-regulating thermal insulation automatically changes
in response to a/the change in a/the temperature adjacent one
or more of the first outer surface of the first plate and the
second outer surface of the second plate.

B47. The self-regulating thermal insulation of any of
paragraphs B1-B46, wherein the first plate is not coupled to
the internal partition.

B48. The self-regulating thermal insulation of any of
paragraphs B1-B47, wherein an/the actuator is configured to
automatically move the internal partition in response to a/the
change in a/the temperature adjacent one or more of the first
outer surface of the first plate and the second outer surface
of the second plate.

B49. The self-regulating thermal insulation of any of
paragraphs B1-B48, wherein the self-regulating thermal
insulation is configured such that movement of the internal
partition with respect to the first plate and the second plate
changes the natural convection conditions of the self-regu-
lating thermal insulation.

B50. The self-regulating thermal insulation of any of
paragraphs B1-B49, wherein an/the actuator is configured to
conduct heat through a portion of the self-regulating thermal
insulation when the actuator contacts the internal partition
adjacent a/the first actuator end.

B51. The self-regulating thermal insulation of any of
paragraphs B1-B50, wherein the self-regulating thermal
insulation is configured to keep a process temperature of an
object being insulated by the self-regulating thermal insu-
lation substantially constant over a period of time.

B52. The self-regulating thermal insulation of any of
paragraphs B1-B51, wherein the self-regulating thermal
insulation is configured to self-regulate in response to
changes in an ambient temperature adjacent the first outer
surface of the first plate and in response to changes in a
process temperature adjacent the second outer surface of the
second plate.

B53. The self-regulating thermal insulation of any of
paragraphs B1-B52, wherein the self-regulating thermal
insulation is configured such that its thermal resistance is
automatically changed without the use of a feedback control
system.

B54. The self-regulating thermal insulation of any of
paragraphs B1-B53, wherein the self-regulating thermal
insulation is configured such that its thermal resistance is
automatically changed without the use of a power source.

B55. The self-regulating thermal insulation of any of
paragraphs B1-B54, wherein the self-regulating thermal
insulation is configured such that its thermal resistance is
automatically changed without the use of monitoring.

B56. The self-regulating thermal insulation of any of
paragraphs B1-B55, wherein the self-regulating thermal
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insulation is configured such that its thermal resistance is
automatically changed without human intervention.

B57. The self-regulating thermal insulation of any of
paragraphs B1-B56, wherein the self-regulating thermal
insulation comprises a/the plurality of actuators, the internal
partition comprises a/the plurality of internal partitions, and
wherein the plurality of actuators are distributed throughout
the self-regulating thermal insulation and between each
respective adjacent pair of internal partitions of the plurality
of internal partitions.

B58. The self-regulating thermal insulation of any of
paragraphs B1-B57, wherein the internal partition comprises
a/the plurality of internal partitions, wherein each respective
pair of adjacent internal partitions of the plurality of internal
partitions is spaced apart by a partition space, and wherein
the partition space contains a gas.

B59. The self-regulating thermal insulation of any of
paragraphs B1-B58, wherein the internal partition comprises
a/the plurality of internal partitions spaced apart between the
first plate and the second plate such that substantially no
natural convection occurs between respective adjacent inter-
nal partitions of the plurality of internal partitions.

B60. The self-regulating thermal insulation of any of
paragraphs B1-B59, wherein the internal partition comprises
a/the plurality of internal partitions spaced apart between the
first plate and the second plate, wherein respective adjacent
internal partitions of the plurality of internal partitions are
substantially fixed with respect to one another and with
respect to the first plate and the second plate.

B61. The self-regulating thermal insulation of any of
paragraphs B1-B59, wherein the internal partition comprises
a/the plurality of internal partitions spaced apart between the
first plate and the second plate, wherein respective adjacent
internal partitions of the plurality of internal partitions are
moveable with respect to one another and with respect to the
first plate and the second plate.

B62. The self-regulating thermal insulation of any of
paragraphs B1-B61, wherein the support structure comprises
a thermal insulator.

B63. The self-regulating thermal insulation of any of
paragraphs B1-B62, wherein a/the first contact surface of
an/the actuator is coupled to the internal partition.

B64. The self-regulating thermal insulation of any of
paragraphs B1-B63, wherein the internal partition comprises
a/the plurality of internal partitions spaced apart between the
first plate and the second plate, wherein the self-regulating
thermal insulation comprises a/the plurality of actuators, the
plurality of actuators each having a/the respective first
contact surface adjacent a/the respective first actuator end
and a/the respective second contact surface adjacent a/the
respective second actuator end, wherein the plurality of
actuators comprises a plurality of internal actuators and a
plurality of base actuators, wherein the respective second
contact surfaces of the plurality of base actuators are each
coupled to the second inner surface of the second plate,
wherein the respective first contact surfaces of the plurality
of'base actuators are each coupled to a first internal partition
of the plurality of internal partitions, wherein the respective
first actuator ends of the plurality of internal actuators are
each coupled to a second internal partition of the plurality of
internal partitions, and wherein the respective second actua-
tor ends of the plurality of internal actuators are each
coupled to the first internal partition of the plurality of
internal partitions.

B65. The self-regulating thermal insulation of any of
paragraphs B1-B64, wherein the internal partition comprises
a/the first internal partition and a/the second internal parti-
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tion, the first internal partition being positioned adjacent the
second plate and the second internal partition being posi-
tioned adjacent the first plate, wherein the self-regulating
thermal insulation comprises an/the actuator, wherein the
actuator comprises a first actuator positioned between the
second plate and the first internal partition and a second
actuator positioned between the first internal partition and
the second internal partition, the first actuator and the second
actuator being staggered with respect to one another.

B66. The self-regulating thermal insulation of any of
paragraphs B1-B65, wherein an end of the self-regulating
thermal insulation is open, thereby venting an interior por-
tion of the self-regulating thermal insulation to an ambient
environment, the interior portion being defined by the first
plate, the second plate, and the support structure, the end
being positioned opposite the support structure.

B67. The self-regulating thermal insulation of any of
paragraphs B1-B65, wherein the support structure is con-
figured to substantially seal an interior portion of the self-
regulating thermal insulation from an ambient environment,
the interior portion being defined by the first plate, the
second plate, and the support structure.

B68. The self-regulating thermal insulation of any of
paragraphs B1-B67, wherein an/the actuator is coupled to
the second inner surface of the second plate or to the internal
partition by a fastener, a rivet, a nut, a bolt, an adhesive, a
weld, a solder joint, a diffusion bond, and/or a brazed joint
adjacent a/the second actuator end of the actuator.

B68.1. The self-regulating thermal insulation of any of
paragraphs B1-B68, wherein an/the actuator is plasma
sprayed and/or electrochemically deposited on the second
inner surface of the second plate or on the internal partition,
adjacent a/the second actuator end of the actuator.

B69. The self-regulating thermal insulation of any of
paragraphs B1-B68.1, wherein an/the actuator is coupled to
the second inner surface of the second plate or to the internal
partition by a fastener, a rivet, a nut, a bolt, an adhesive, a
weld, a solder joint, a diffusion bond, and/or a brazed joint
adjacent a/the first actuator end of the actuator.

B69.1. The self-regulating thermal insulation of any of
paragraphs B1-B69, wherein an/the actuator is plasma
sprayed and/or electrochemically deposited on the second
inner surface of the second plate or on the internal partition,
adjacent a/the first actuator end of the actuator.

B70. The self-regulating thermal insulation of any of
paragraphs B1-B69.1, wherein the partition is coupled to the
support structure by a fastener, a rivet, a nut, a bolt, an
adhesive, a weld, a solder joint, a diffusion bond, and/or a
brazed joint.

B71. The self-regulating thermal insulation of any of
paragraphs B1-B70, wherein the first plate is coupled to the
support structure by a fastener, a rivet, a nut, a bolt, an
adhesive, a weld, a solder joint, a diffusion bond, and/or a
brazed joint.

B72. The self-regulating thermal insulation of any of
paragraphs B1-B71, wherein the second plate is coupled to
the support structure by a fastener, a rivet, a nut, a bolt, an
adhesive, a weld, a solder joint, a diffusion bond, and/or a
brazed joint.

B73. The self-regulating thermal insulation of any of
paragraphs B1-B72, wherein the internal partition comprises
a thermal insulator.

B74. The self-regulating thermal insulation of any of
paragraphs B1-B73, wherein the internal partition is move-
able with respect to the support structure.

10

25

30

35

40

45

55

38

C1. A self-regulating thermal insulation system for insu-
lating an object, the self-regulating thermal insulation sys-
tem comprising:

the self-regulating thermal insulation of any of paragraphs
B1-B74; and

the object.

C2. The self-regulating thermal insulation system of para-
graph C1, wherein the object comprises one or more of a
part, a component, an apparatus, a structure, a vehicle, a
dwelling, and a building.

C3. The self-regulating thermal insulation system of any
of paragraphs C1-C2, wherein the object comprises a com-
posite part.

C4. The self-regulating thermal insulation system of any
of paragraphs C1-C3, wherein the object comprises a part
being cured.

CS. The self-regulating thermal insulation system of any
of paragraphs C1-C4, wherein the self-regulating thermal
insulation is coupled to the object.

C6. The self-regulating thermal insulation system of any
of paragraphs C1-05, wherein the self-regulating thermal
insulation contacts the object.

C7. The self-regulating thermal insulation system of any
of paragraphs C1-C6, wherein the self-regulating thermal
insulation is positioned with respect to the object such that
the second outer surface of the second plate faces the object.

C8. The self-regulating thermal insulation system of any
of paragraphs C1-C7, wherein the self-regulating thermal
insulation is positioned with respect to the object such that
the second outer surface of the second plate contacts the
object.

C9. The self-regulating thermal insulation system of any
of paragraphs C1-C8, wherein a local object temperature of
a location on or in the object determines the temperature
adjacent the second outer surface of the second plate.

C10. The self-regulating thermal insulation system of any
of paragraphs C1-C9, wherein the self-regulating thermal
insulation comprises a plurality of pieces of self-regulating
thermal insulation, the plurality of pieces being coupled with
respect to each other.

C10.1. The self-regulating thermal insulation system of
paragraph C10, wherein each respective piece of the plural-
ity of pieces of self-regulating thermal insulation is coupled
to at least one other respective piece of the plurality of pieces
of self-regulating thermal insulation.

C10.2. The self-regulating thermal insulation system of
paragraph C10 or C10.1, wherein each respective piece of
the plurality of pieces of self-regulating thermal insulation is
coupled to a substrate.

C10.3. The self-regulating thermal insulation system of
any of paragraphs C1-C10.2, wherein the self-regulating
thermal insulation comprises a/the plurality of pieces of
self-regulating thermal insulation, the plurality of pieces
being contained in and/or coupled to a blanket, encased in
silicone, and/or positioned within a fabric cover.

C10.4. The self-regulating thermal insulation system of
any of paragraphs C1-C10.3, wherein a/the plurality of
pieces of self-regulating thermal insulation are contained
within and/or coupled to a flexible material.

C10.5. The self-regulating thermal insulation system of
any of paragraphs C10-C10.4, wherein the plurality of
pieces of self-regulating thermal insulation are coupled
together by a connector, a weld, a brazed joint, a solder joint,
a hinged joint, a flexible joint, and/or an adhesive.
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C10.6. The self-regulating thermal insulation system of
any of paragraphs C10-C10.5, wherein the plurality of
pieces of self-regulating thermal insulation are thermally
isolated from one another.

C11. The self-regulating thermal insulation system of any
of paragraphs C10-C10.6, wherein each respective piece of
the plurality of pieces of self-regulating thermal insulation is
configured such that the respective thermal resistance of the
respective piece of self-regulating thermal insulation auto-
matically changes, independently of the respective thermal
resistances of the other respective pieces of self-regulating
thermal insulation, in response to a/the local object tempera-
ture of the object at a location adjacent the respective piece
of self-regulating thermal insulation.

C12. The self-regulating thermal insulation system of any
of paragraphs C10-C11, wherein a respective piece of the
plurality of pieces of self-regulating thermal insulation has
a different thermal resistance at a given time than a different
respective piece of the plurality of pieces of self-regulating
thermal insulation at the given time.

C12.1. The self-regulating thermal insulation system of
any of paragraphs C10-C12, wherein each respective piece
of the plurality of pieces of self-regulating thermal insula-
tion is configured such that a respective thermal resistance of
the respective piece automatically changes, independently of
the respective thermal resistance of different respective
pieces of the plurality of pieces of self-regulating thermal
insulation, in response to a local temperature variation
adjacent the respective piece of self-regulating thermal
insulation.

C13. The self-regulating thermal insulation system of any
of paragraphs C1-C12.1, wherein the self-regulating thermal
insulation comprises a continuous sheet of insulation mate-
rial that is sized and shaped to cover at least a portion of the
object.

C14. The self-regulating thermal insulation system of any
of paragraphs C1-C13, wherein the self-regulating thermal
insulation comprises a rigid structure.

C15. The self-regulating thermal insulation system of any
of paragraphs C1-C14, wherein the self-regulating thermal
insulation comprises a blanket.

C16. The self-regulating thermal insulation system of any
of paragraphs C1-C15, wherein the self-regulating thermal
insulation comprises a flexible sheet.

D1. A method, comprising:

making the self-regulating thermal insulation of any of
paragraphs B1-B74.

D1.1. The method of paragraph D1, further comprising
insulating a body using the self-regulating thermal insula-
tion.

D2. The method of paragraph D1.1, wherein the insulat-
ing the body comprises insulating an object or a portion
thereof during a manufacturing process.

D3. The method of any of paragraphs D1.1-D2, wherein
the insulating the body comprises insulating at least a
portion of a composite part during curing.

D4. The method of any of paragraphs D1.1-D3, wherein
the insulating the body comprises insulating an/the object or
a/the portion thereof during a thermal process.

D5. The method of any of paragraphs D1-D4, further
comprising positioning the self-regulating thermal insula-
tion on a/the body.

D6. The method of any of paragraphs D1-D5, further
comprising coupling the self-regulating thermal insulation
to a/the body.

D7. The method of any of paragraphs D1-D6, further
comprising positioning the self-regulating thermal insula-
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tion with respect to a/the body such that the second outer
surface of the second plate of the self-regulating thermal
insulation faces the body.

D8. The method of any of paragraphs D1.1-D7, wherein
the insulating the body comprises using the self-regulating
thermal insulation in an enclosure.

D9. The method of paragraph D8, wherein the enclosure
comprises a vehicle or a building.

D10. The method of any of paragraphs D1.1-D9, wherein
the insulating the body comprises maintaining a temperature
of at least a portion of the body within a predetermined range
for a predetermined period of time.

D10.1. The method of paragraph D10, wherein the body
comprises at least a portion of a/the composite part.

D11. The method of any of paragraphs D1.1-D10.1,
wherein the insulating the body comprises insulating a living
being.

D12. The method of any of paragraphs D1.1-Dl11,
wherein the insulating the body comprises automatically
changing a thermal resistance of the self-regulating thermal
insulation without human intervention, a power source, or a
feedback control system.

D13. The method of any of paragraphs D1-D12, wherein
the making the self-regulating thermal insulation comprises
coupling the first plate with respect to the second plate using
the support structure, wherein the support structure is con-
figured to position the first plate with respect to the second
plate such that the first plate is separated from the second
plate by the insulation thickness.

D14. The method of any of paragraphs D1-D13, wherein
the making the self-regulating thermal insulation comprises
positioning the internal partition between the first plate and
the second plate.

D15. The method of any of paragraphs D1-D14, wherein
the making the self-regulating thermal insulation comprises
coupling the internal partition to the support structure.

D16. The method of any of paragraphs D1-D15, wherein
the making the self-regulating thermal insulation comprises
positioning a plurality of internal partitions between the first
plate and the second plate.

D17. The method of any of paragraphs D1-D16, wherein
the making the self-regulating thermal insulation comprises
positioning a/the thermal actuator between the second plate
and the internal partition.

D18. The method of any of paragraphs D1-D17, wherein
the making the self-regulating thermal insulation comprises
coupling a/the thermal actuator to the second plate.

D19. The method of any of paragraphs D1-D12, wherein
the making the self-regulating thermal insulation comprises
coupling a/the thermal actuator to the internal partition.

El. A method, comprising:

providing the self-regulating thermal insulation system of
any of paragraphs C1-C16.

E1.1. The method of paragraph El, further comprising
using the self-regulating thermal insulation system to insu-
late a body.

E2. The method of paragraph E1.1, wherein the using the
self-regulating thermal insulation system to insulate the
body comprises insulating an object or a portion thereof
during a manufacturing process.

E3. The method of any of paragraphs E1.1-E2, wherein
the using the self-regulating thermal insulation system to
insulate the body comprises insulating at least a portion of
a composite part during curing.

E4. The method of any of paragraphs E1.1-E3, wherein
the using the self-regulating thermal insulation system to
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insulate the body comprises insulating an/the object or a/the
portion thereof during a thermal process.

E5. The method of any of paragraphs E1-E4, further
comprising positioning the self-regulating thermal insula-
tion system on a/the body.

E6. The method of any of paragraphs E1-ES, further
comprising coupling the self-regulating thermal insulation
system to a/the body.

E7. The method of any of paragraphs E1-E6, further
comprising positioning the self-regulating thermal insula-
tion system with respect to a/the body such that the second
outer surface of the second plate of the self-regulating
thermal insulation system faces the body.

E8. The method of any of paragraphs E1.1-E7, wherein
the using the self-regulating thermal insulation system to
insulate the body comprises using the self-regulating ther-
mal insulation system in an enclosure.

E9. The method of paragraph E8, wherein the enclosure
comprises a vehicle or a building.

E10. The method of any of paragraphs E1.1-E9, wherein
the using the self-regulating thermal insulation system to
insulate the body comprises maintaining a temperature of at
least a portion of the body within a predetermined range for
a predetermined period of time.

E11. The method of any of paragraphs E1.1-E10, wherein
the using the self-regulating thermal insulation system to
insulate the body comprises insulating a living being.

E12. The method of any of paragraphs E1.1-E11, wherein
the using the self-regulating thermal insulation system to
insulate the body comprises automatically increasing a ther-
mal resistance of the self-regulating thermal insulation sys-
tem without human intervention, a power source, or a
feedback control system.

F1. A method, comprising:

using the actuator of any of paragraphs A1-A55 to form
a self-regulating thermal insulation.

F2. The method of paragraph F1, further comprising
insulating an object using the self-regulating thermal insu-
lation.

F3. The method of paragraph F2, wherein the insulating
the object comprises insulating the object such that the
object remains within a predetermined temperature range for
a predetermined amount of time.

G1. A method, comprising:

making the actuator of any of paragraphs A1-ASS.

G1.1. The method of paragraph G1, wherein the making
the actuator comprises making a plurality of actuators of any
of paragraphs A1-AS5S.

G2. The method of paragraph G1 or G1.1, further com-
prising incorporating the actuator in a self-regulating ther-
mal insulation such that the actuator is configured to auto-
matically effectuate a change in the thermal resistance of the
self-regulating thermal insulation in response to a change in
a temperature adjacent the self-regulating thermal insula-
tion.

G2.1. The method of paragraph G2, wherein the incor-
porating the actuator in the self-regulating thermal insulation
comprises incorporating the actuator into the self-regulating
thermal insulation of any of paragraphs B1-1374.

(G2.2. The method of any of paragraphs G2-G2.1, wherein
the incorporating the actuator in the self-regulating thermal
insulation comprises coupling a/the respective second end of
at least one respective actuator to a/the second plate of the
self-regulating thermal insulation.

G2.3. The method of paragraph G2.2, wherein the cou-
pling the respective second end of at least one respective
actuator to the second plate comprises coupling the second
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end via a rivet, an adhesive, a fastener, a weld, a solder joint,
a braze joint, plasma spraying, electrochemical depositing,
and/or diffusion bonding.

(G2.4. The method of any of paragraphs G2-G2.3, wherein
the incorporating the actuator in the self-regulating thermal
insulation comprises coupling a/the respective first end of at
least one respective actuator to a/the internal partition of the
self-regulating thermal insulation, the internal partition
being positioned between a/the first plate and a/the second
plate of the self-regulating thermal insulation.

G2.5. The method of paragraph G2.4., wherein the cou-
pling the respective first end of at least one respective
actuator to the internal partition comprises coupling the first
end via a rivet, an adhesive, a fastener, a weld, a solder joint,
a braze joint, plasma spraying, electrochemical depositing,
and/or diffusion bonding.

(2.6. The method of any of paragraphs G2-G2.5, wherein
the incorporating the actuator in the self-regulating thermal
insulation comprises coupling a/the first plate of the self-
regulating thermal insulation to a/the support structure.

G2.7. The method of paragraph (2.6, wherein the cou-
pling the first plate to the support structure comprises
coupling via a rivet, an adhesive, a fastener, a weld, a solder
joint, a braze joint, plasma spraying, electrochemical depos-
iting, and/or diffusion bonding.

(G2.8. The method of any of paragraphs G2-G2.7, wherein
the incorporating the actuator in the self-regulating thermal
insulation comprises coupling a/the second plate of the
self-regulating thermal insulation to a/the support structure.

G2.9. The method of paragraph G2.8, wherein the cou-
pling the second plate to the support structure comprises
coupling via a rivet, an adhesive, a fastener, a weld, a solder
joint, a braze joint, plasma spraying, electrochemical depos-
iting, and/or diffusion bonding.

G2.10. The method of any of paragraphs G2-G2.9,
wherein the incorporating the actuator in the self-regulating
thermal insulation comprises coupling an/the internal parti-
tion to a/the support structure.

G3. The method of any of paragraphs G1-G2.10, wherein
the actuator is configured to one or more of move an/the
internal partition of the self-regulating thermal insulation
with respect to a/the first plate and a/the second plate of the
self-regulating insulation and intermittently contact the
internal partition of the self-regulating thermal insulation in
response to a/the change in a/the temperature adjacent the
self-regulating thermal insulation, thereby effectuating a/the
change in the thermal resistance of the self-regulating insu-
lation.

G4. The method of any of paragraphs G2-G3, further
comprising insulating an object using the self-regulating
thermal insulation such that the object remains within a
predetermined temperature range for a predetermined
amount of time.

G5. The method of any of paragraphs G1-G4, wherein the
making the actuator comprises:

providing a sheet of the first material; and

cutting a linear spiral in the sheet of the first material.

G6. The method of paragraph GS5, further comprising
forming a plurality of bends in the linear spiral to form the
first segment of the actuator.

G7. The method of any of paragraphs G1-G6, wherein the
making the actuator comprises coupling at least one second
segment to the first lower surface of the first segment of the
actuator.

G7.1. The method of paragraph G7, wherein the coupling
at least one second segment to the first lower surface of the
first segment comprises welding, soldering, brazing, plasma
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spraying, electrochemical depositing, and/or diffusion bond-
ing the second segment with respect to the first lower surface
of the first segment.

G8. The method of any of paragraphs G1-G7.1, wherein
the making the actuator comprises coupling a/the plurality of
second segments to the first lower surface of the first
segment of the actuator, wherein each respective second
segment is spaced apart from the other respective second
segments.

G8.1. The method of paragraph G8, wherein the coupling
the plurality of second segments to the first lower surface of
the first segment of the actuator comprises welding, solder-
ing, brazing, plasma spraying, electrochemical depositing,
and/or diffusion bonding each respective second segment
with respect to the first lower surface of the first segment.

(9. The method of any of paragraphs G1-G8.1, wherein
the making the actuator comprises forming at least one bend
in the second segment.

G10. The method of any of paragraphs G1-G9, wherein
the making the actuator comprises forming one bend in each
of the second segments of a/the plurality of second seg-
ments.

G11. The method of any of paragraphs G1-G10, wherein
the making the actuator comprises coupling a plurality of
respective first segments together to form the contiguous
layer.

(G12. The method of paragraph G11, wherein the coupling
the plurality of first segments together comprises welding,
soldering, and/or brazing respective first segments together.

G13. The method of any of paragraphs G1-G12, wherein
the making the actuator comprises forming the first segment
comprising the first material having the first thermal expan-
sion coefficient, the first segment having the first upper
surface and the first lower surface opposite the first upper
surface, the first segment being the contiguous layer and
having the first length.

G14. The method of any of paragraphs G1-G13, wherein
the making the actuator comprises coupling a/the plurality of
second segments to the first segment, each second segment
of the plurality of second segments comprising the second
material having the second thermal expansion coefficient,
the second thermal expansion coefficient being different
from the first thermal expansion coefficient, each second
segment having the second upper surface and the second
lower surface opposite the second upper surface, wherein
each second segment is coupled to the first segment such that
the second upper surface of the second segment is coupled
to the first lower surface of the first segment, wherein each
second segment has a respective second length, each of the
second lengths being less than the first length of the first
segment, and wherein the coupling the plurality of second
segments comprises coupling the second segments such that
respective adjacent second segments are spaced apart from
one another.

G15. The method of any of paragraphs G1-G14, wherein
the making the actuator comprises arranging the first seg-
ment into a three-dimensional shape.

H1. An object including the self-regulating thermal insu-
lation of any of paragraphs B1-B74.

H2. The object of paragraph H1, wherein the object
comprises one or more of a vehicle, a part, a composite part,
an aircraft, an aircraft component, a building, and a struc-
ture.

11. An object including the self-regulating thermal insu-
lation system of any of paragraphs C1-C16.
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12. The object of paragraph 11, wherein the object com-
prises one or more of a vehicle, a part, a composite part, an
aircraft, an aircraft component, a building, and a structure.

J1. Use of the actuator of any of paragraphs A1-A55 to
form a self-regulating thermal insulation system or a self-
regulating thermal insulation.

K1. Use of the self-regulating thermal insulation of any of
paragraphs B1-B74 to provide insulation.

L1. Use of the self-regulating thermal insulation system
of any of paragraphs C1-C16 to provide insulation.

As used herein, the terms “adapted” and “configured”
mean that the element, component, or other subject matter is
designed and/or intended to perform a given function. Thus,
the use of the terms “adapted” and “configured” should not
be construed to mean that a given element, component, or
other subject matter is simply “capable of” performing a
given function but that the element, component, and/or other
subject matter is specifically selected, created, implemented,
utilized, programmed, and/or designed for the purpose of
performing the function. It is also within the scope of the
present disclosure that elements, components, and/or other
recited subject matter that is recited as being adapted to
perform a particular function may additionally or alterna-
tively be described as being configured to perform that
function, and vice versa. Similarly, subject matter that is
recited as being configured to perform a particular function
may additionally or alternatively be described as being
operative to perform that function.

As used herein, the term “and/or” placed between a first
entity and a second entity means one of (1) the first entity,
(2) the second entity, and (3) the first entity and the second
entity. Multiple entities listed with “and/or” should be con-
strued in the same manner, i.e., “one or more” of the entities
so conjoined. Other entities may optionally be present other
than the entities specifically identified by the “and/or”
clause, whether related or unrelated to those entities spe-
cifically identified. Thus, as a non-limiting example, a
reference to “A and/or B,” when used in conjunction with
open-ended language such as “comprising” may refer, in one
embodiment, to A only (optionally including entities other
than B); in another embodiment, to B only (optionally
including entities other than A); in yet another embodiment,
to both A and B (optionally including other entities). These
entities may refer to elements, actions, structures, steps,
operations, values, and the like.

As used herein, the phrase “at least one,” in reference to
a list of one or more entities should be understood to mean
at least one entity selected from any one or more of the entity
in the list of entities, but not necessarily including at least
one of each and every entity specifically listed within the list
of entities and not excluding any combinations of entities in
the list of entities. This definition also allows that entities
may optionally be present other than the entities specifically
identified within the list of entities to which the phrase “at
least one” refers, whether related or unrelated to those
entities specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least
one of A or B,” or, equivalently “at least one of A and/or B”)
may refer, in one embodiment, to at least one, optionally
including more than one, A, with no B present (and option-
ally including entities other than B); in another embodiment,
to at least one, optionally including more than one, B, with
no A present (and optionally including entities other than A);
in yet another embodiment, to at least one, optionally
including more than one, A, and at least one, optionally
including more than one, B (and optionally including other

entities). In other words, the phrases “at least one,” “one or
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more,” and “and/or” are open-ended expressions that are
both conjunctive and disjunctive in operation. For example,
each of the expressions “at least one of A, B and C,” “at least
one of A, B, or C,” “one or more of A, B, and C,” “one or
more of A, B, or C” and “A, B, and/or C” may mean A alone,
B alone, C alone, A and B together, A and C together, B and
C together, A, B and C together, and optionally any of the
above in combination with at least one other entity.

In the event that any patents, patent applications, or other
references are incorporated by reference herein and (1)
define a term in a manner that is inconsistent with and/or (2)
are otherwise inconsistent with, either the non-incorporated
portion of the present disclosure or any of the other incor-
porated references, the non-incorporated portion of the pres-
ent disclosure shall control, and the term or incorporated
disclosure therein shall only control with respect to the
reference in which the term is defined and/or the incorpo-
rated disclosure was present originally.

As used herein, the phrase, “for example,” the term “e.g.,”
the phrase, “as an example,” and/or simply the term
“example,” when used with reference to one or more com-
ponents, features, details, structures, embodiments, and/or
methods according to the present disclosure, are intended to
convey that the described component, feature, detail, struc-
ture, embodiment, and/or method is an illustrative, non-
exclusive example of components, features, details, struc-
tures, embodiments, and/or methods according to the present
disclosure. Thus, the described component, feature, detail,
structure, embodiment, and/or method is not intended to be
limiting, required, or exclusive/exhaustive; and other com-
ponents, features, details, structures, embodiments, and/or
methods, including structurally and/or functionally similar
and/or equivalent components, features, details, structures,
embodiments, and/or methods, are also within the scope of
the present disclosure.

The various disclosed elements of apparatuses and steps
of methods disclosed herein are not required to all appara-
tuses and methods according to the present disclosure, and
the present disclosure includes all novel and non-obvious
combinations and subcombinations of the various elements
and steps disclosed herein. Moreover, one or more of the
various elements and steps disclosed herein may define
independent inventive subject matter that is separate and
apart from the whole of a disclosed apparatus or method.
Accordingly, such inventive subject matter is not required to
be associated with the specific apparatuses and methods that
are expressly disclosed herein, and such inventive subject
matter may find utility in apparatuses and/or methods that
are not expressly disclosed herein.

The invention claimed is:

1. A thermal actuator, comprising:

a first segment comprising a first material having a first

thermal expansion coeflicient, the first segment having
a first upper surface and a first lower surface opposite
the first upper surface, the first segment having a first
length and forming a contiguous layer, wherein the first
segment comprises a plurality of first segments, the
plurality of first segments forming the contiguous layer;
and

a second segment comprising a second material having a

second thermal expansion coefficient, the second ther-
mal expansion coeflicient being different than the first
thermal expansion coefficient, the second segment hav-
ing a second upper surface and a second lower surface
opposite the second upper surface, wherein the second
upper surface of the second segment is coupled to the
first lower surface of the first segment, the second
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segment having a second length, the second length
being less than the first length, wherein the second
segment comprises a plurality of second segments,
wherein the second upper surface of each respective
second segment is coupled to a respective first lower
surface of a respective first segment, wherein each
respective second length of the respective second seg-
ment of the plurality of second segments is less than the
respective first length of the respective first segment to
which the respective second segment is coupled,
wherein the plurality of second segments are spaced
apart along the first lower surface of the first segment,
and wherein the thermal actuator is configured to
automatically expand and contract in response to a
respective change in a temperature of the thermal
actuator.

2. The thermal actuator according to claim 1, wherein
each respective first segment of the plurality of first seg-
ments comprises a respective longitudinal axis extending
from a respective first segment end to a respective second
segment end, and wherein adjacent respective first segments
are arranged with respect to one another such that the
respective longitudinal axes of respective adjacent first
segments are substantially perpendicular to one another.

3. The thermal actuator according to claim 1, wherein the
contiguous layer extends from a first actuator end to a
second actuator end, wherein, in response to the respective
change in the temperature of the thermal actuator, the
thermal actuator is configured to expand such that the first
actuator end and the second actuator end are relatively
farther apart from each other and to contract such that the
first actuator end and the second actuator end are relatively
closer together.

4. The thermal actuator according to claim 1, wherein the
thermal actuator extends from a first actuator end to a second
actuator end, wherein the first thermal expansion coeflicient
is greater than the second thermal expansion coefficient,
wherein the thermal actuator is configured to contract such
that the first actuator end and the second actuator end
contract towards each other in response to an increase in the
temperature of the thermal actuator, and wherein the thermal
actuator is configured to expand such that the first actuator
end and the second actuator end expand away from each
other in response to a decrease in the temperature of the
thermal actuator.

5. The thermal actuator according to claim 1, wherein the
thermal actuator extends from a first actuator end to a second
actuator end, wherein the first thermal expansion coeflicient
is less than the second thermal expansion coefficient,
wherein the thermal actuator is configured to contract such
that the first actuator end and the second actuator end
contract towards each other in response to a decrease in the
temperature of the thermal actuator, and wherein the thermal
actuator is configured to expand such that the first actuator
end and the second actuator end expand away from each
other in response to an increase in the temperature of the
thermal actuator.

6. The thermal actuator according to claim 1, wherein the
plurality of first segments are arranged in a linear spiral
configuration.

7. The thermal actuator according to claim 1, wherein the
thermal actuator extends from a first actuator end to a second
actuator end, wherein the thermal actuator comprises a first
contact surface adjacent the first actuator end, the first
contact surface being configured to be at least intermittently
in contact with a first reference surface, wherein the first
contact surface is formed by a first portion of the first upper
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surface of the first segment, and wherein the thermal actua-
tor comprises a second contact surface adjacent the second
actuator end, the second contact surface being configured to
be coupled to a second reference surface, wherein the second
contact surface is formed by a second portion of the second
lower surface of the second segment.

8. The thermal actuator according to claim 1, wherein the
first segment comprises a first substantially flat portion, a
second substantially flat portion, and an angled portion
extending between the first substantially flat portion and the
second substantially flat portion, wherein the first substan-
tially flat portion is arranged to be substantially parallel to
the second substantially flat portion, and wherein the angled
portion is configured to intersect the first substantially flat
portion at a non-zero angle.

9. The thermal actuator according to claim 8, wherein the
second segment comprises a horizontally-oriented portion
and a ramped portion, wherein the second segment is
positioned with respect to the first segment such that the
horizontally-oriented portion is positioned adjacent the first
substantially flat portion and the ramped portion is posi-
tioned adjacent the angled portion, wherein the ramped
portion extends only a portion of a length of the angled
portion.

10. The thermal actuator according to claim 1, wherein the
thermal actuator further comprises a base segment compris-
ing the second material, wherein a third length of the base
segment is substantially equal to the first length, and wherein
the base segment is coupled to the first lower surface of the
respective first segment that is positioned closest to a first
actuator end, wherein the base segment is coupled to the
respective first segment adjacent the first actuator end,
instead of a respective second segment.

11. The thermal actuator according to claim 1, wherein the
first material comprises iron, and wherein the second mate-
rial comprises aluminum.

12. The thermal actuator according to claim 1, wherein the
thermal actuator extends from a first actuator end to a second
actuator end, wherein the thermal actuator has a height
defined as the vertical distance between the first actuator end
and the second actuator end, wherein the height varies
between a minimum height and a maximum height, in
response to the temperature of the thermal actuator, wherein
the maximum height of the thermal actuator is less than a
distance associated with a critical Rayleigh number of a
self-regulating thermal insulation in which the thermal
actuator is configured for use.

13. The thermal actuator according to claim 1, wherein the
thermal actuator further comprises a plurality of outer seg-
ments arranged about an outer edge of the plurality of first
segments, the plurality of outer segments comprising the
first material, wherein the thermal actuator further comprises
a transition segment configured to couple a respective one of
the first segments of the plurality of first segments to a
respective one of the outer segments of the plurality of outer
segments.

14. The thermal actuator according to claim 13, wherein
each of the outer segments of the plurality of outer segments
has an outer segment length, the outer segment length being
greater than the first length of each of the first segments of
the plurality of first segments.

15. The thermal actuator according to claim 14, wherein
each respective outer segment of the plurality of outer
segments comprises a respective second segment coupled
thereto.

16. The thermal actuator according to claim 13, wherein
the thermal actuator forms a three-dimensional nested shape.
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17. A thermal actuator, comprising:

a first fixed actuator end;

a second fixed actuator end opposite the first fixed actua-
tor end;

a plurality of first segments comprising a first metallic
material having a first thermal expansion coefficient,
each respective first segment of the plurality of first
segments having a first upper surface and a first lower
surface opposite the first upper surface, each first
segment extending from a first end to a second end,
wherein the plurality of first segments are coupled
together such that each of a plurality of respective first
ends of respective first segments is coupled to a respec-
tive second end of an adjacent respective first segment;
and

a plurality of second segments comprising a second
metallic material having a second thermal expansion
coefficient, the second thermal expansion coefficient
being different than the first thermal expansion coeffi-
cient, each respective second segment having a second
upper surface and a second lower surface opposite the
second upper surface, wherein the second upper surface
of each respective second segment is coupled to the
first lower surface of a respective first segment, each
second segment extending from a third end to a fourth
end, wherein the plurality of second segments are
coupled together such that each of a plurality of respec-
tive third ends of respective second segments is
coupled to a respective fourth end of an adjacent
respective second segment, wherein the thermal actua-
tor is configured to automatically move in response to
an increase in a temperature of the thermal actuator.

18. The thermal actuator according to claim 17, wherein

each respective first segment comprises a first angled por-
tion, a second angled portion, and a flat portion extending
between the first angled portion and the second angled
portion, wherein each respective second segment comprises
a first ramped portion, a second ramped portion, and a
horizontally-oriented portion extending between the first
ramped portion and the second ramped portion, wherein
each respective first angled portion is coupled to a respective
first ramped portion, wherein each respective second angled
portion is coupled to a respective second ramped portion,
and wherein each respective flat portion is coupled to a
respective horizontally-oriented portion.

19. A method of making a thermal actuator, the method

comprising:

forming a plurality of first segments comprising a first
material having a first thermal expansion coefficient,
each first segment of the plurality of first segments
having a first upper surface and a first lower surface
opposite the first upper surface, the plurality of first
segments being a contiguous layer and having a first
length, wherein the forming the plurality of first seg-
ments comprises arranging each first segment into a
three-dimensional shape; and

coupling a plurality of second segments to the contiguous
layer of first segments, each second segment of the
plurality of second segments comprising a second
material having a second thermal expansion coefficient,
the second thermal expansion coefficient being differ-
ent from the first thermal expansion coefficient, each
second segment having a second upper surface and a
second lower surface opposite the second upper sur-
face, wherein each second segment is coupled to the
contiguous layer of first segments such that the second
upper surface of the second segment is coupled to the
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first lower surface of a respective first segment, wherein
each second segment has a respective second length,
each of the second lengths being less than the respec-
tive first length of the respective first segment to which
the respective second segment is coupled, and wherein
the coupling the plurality of second segments com-
prises coupling the second segments such that respec-
tive adjacent second segments are spaced apart from
one another.

5
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configured to expand such that the first actuator end and
the second actuator end expand away from each other
in response to an increase in the temperature of the
thermal actuator.

22. A thermal actuator, comprising:
a first segment comprising a first material having a first

thermal expansion coefficient, the first segment having
a first upper surface and a first lower surface opposite
the first upper surface, the first segment having a first

20. A thermal actuator, comprising: 10
a first segment comprising a first material having a first
thermal expansion coeflicient, the first segment having
a first upper surface and a first lower surface opposite

length and forming a contiguous layer, wherein the first
segment comprises a plurality of first segments
arranged in a linear spiral configuration; and

a second segment comprising a second material having a

the first upper surface, the first segment having a first

in response to a decrease in the temperature of the
thermal actuator, and wherein the thermal actuator is

second thermal expansion coefficient, the second ther-

length and forming a contiguous layer; and 15 mal expansion coeflicient being different than the first
a second segment comprising a second material having a thermal expansion coefficient, the second segment hav-
second thermal expansion coefficient, the second ther- ing a second upper surface and a second lower surface
mal expansion coeflicient being different than the first opposite the second upper surface, wherein the second
thermal expansion coefficient, the second segment hav- upper surface of the second segment is coupled to the
ing a second upper surface and a second lower surface 20 first lower surface of the first segment, the second
opposite the second upper surface, wherein the second segment having a second length, the second length
upper surface of the second segment is coupled to the being less than the first length, wherein the thermal
first lower surface of the first segment, the second actuator is configured to automatically expand and
segment having a second length, the second length contract in response to a respective change in a tem-
being less than the first length, wherein the thermal 25 perature of the thermal actuator.
actuator is configured to automatically expand and 23. A thermal actuator, comprising:
contract in response to a respective change in a tem- a first segment comprising a first material having a first
perature of the thermal actuator; thermal expansion coefficient, the first segment having
wherein the thermal actuator extends from a first actuator a first upper surface and a first lower surface opposite
end to a second actuator end, wherein the first thermal 30 the first upper surface, the first segment having a first
expansion coeflicient is greater than the second thermal length and forming a contiguous layer; and
expansion coefficient, wherein the thermal actuator is a second segment comprising a second material having a
configured to contract such that the first actuator end second thermal expansion coefficient, the second ther-
and the second actuator end contract towards each other mal expansion coeflicient being different than the first
in response to an increase in the temperature of the 35 thermal expansion coefficient, the second segment hav-
thermal actuator, and wherein the thermal actuator is ing a second upper surface and a second lower surface
configured to expand such that the first actuator end and opposite the second upper surface, wherein the second
the second actuator end expand away from each other upper surface of the second segment is coupled to the
in response to a decrease in the temperature of the first lower surface of the first segment, the second
thermal actuator. 40 segment having a second length, the second length
21. A thermal actuator, comprising: being less than the first length, wherein the thermal
a first segment comprising a first material having a first actuator is configured to automatically expand and
thermal expansion coeflicient, the first segment having contract in response to a respective change in a tem-
a first upper surface and a first lower surface opposite perature of the thermal actuator;
the first upper surface, the first segment having a first 45  wherein the thermal actuator extends from a first actuator
length and forming a contiguous layer; and end to a second actuator end, wherein the thermal
a second segment comprising a second material having a actuator comprises a first contact surface adjacent the
second thermal expansion coefficient, the second ther- first actuator end, the first contact surface being con-
mal expansion coeflicient being different than the first figured to be at least intermittently in contact with a first
thermal expansion coefficient, the second segment hav- 50 reference surface, wherein the first contact surface is
ing a second upper surface and a second lower surface formed by a first portion of the first upper surface of the
opposite the second upper surface, wherein the second first segment, and wherein the thermal actuator com-
upper surface of the second segment is coupled to the prises a second contact surface adjacent the second
first lower surface of the first segment, the second actuator end, the second contact surface being config-
segment having a second length, the second length 55 ured to be coupled to a second reference surface,
being less than the first length, wherein the thermal wherein the second contact surface is formed by a
actuator is configured to automatically expand and second portion of the second lower surface of the
contract in response to a respective change in a tem- second segment.
perature of the thermal actuator; 24. A thermal actuator, comprising:
wherein the thermal actuator extends from a first actuator 60  a first segment comprising a first material having a first
end to a second actuator end, wherein the first thermal thermal expansion coefficient, the first segment having
expansion coefficient is less than the second thermal a first upper surface and a first lower surface opposite
expansion coefficient, wherein the thermal actuator is the first upper surface, the first segment having a first
configured to contract such that the first actuator end length and forming a contiguous layer, wherein the first
and the second actuator end contract towards each other 65 segment comprises a first substantially flat portion, a

second substantially flat portion, and an angled portion
extending between the first substantially flat portion
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and the second substantially flat portion, wherein the
first substantially flat portion is arranged to be substan-
tially parallel to the second substantially flat portion,
and wherein the angled portion is configured to inter-
sect the first substantially flat portion at a non-zero
angle; and

a second segment comprising a second material having a

second thermal expansion coefficient, the second ther-
mal expansion coeflicient being different than the first

wherein the base segment is coupled to the respective
first segment adjacent the first actuator end, instead of
a respective second segment.

52

a first upper surface and a first lower surface opposite
the first upper surface, the first segment having a first
length and forming a contiguous layer, wherein the first
material comprises iron; and

a second segment comprising a second material having a

second thermal expansion coefficient, the second ther-
mal expansion coeflicient being different than the first
thermal expansion coefficient, the second segment hav-
ing a second upper surface and a second lower surface

thermal expansion coefficient, the second segment hav- 10 . -
. opposite the second upper surface, wherein the second
ing a second upper surface and a second lower surface .

. . upper surface of the second segment is coupled to the
opposite the second upper surface, wherein the second

. first lower surface of the first segment, the second

upper surface of the second segment is coupled to the .
first lower surface of the first segment, the second Segmem having a second length, the .second length
segment having a second length, the second length 15 being 1es§ than the first length, Whereln the thermal
being less than the first length, wherein the thermal actuator is configured to automatically expand and
actuator is configured to automatically expand and contract in response to a respective change in a tem-
contract in response to a respective change in a tem- perature Of the thenpal actua?or, and wherein the sec-
perature of the thermal actuator. ond material comprises aluminum.

25. A thermal actuator, comprising: 20  27. A thermal actuator, comprising:

a plurality of first segments, each first segment compris- a first segment comprising a first material having a first
ing a first material having a first thermal expansion thermal expansion coefficient, the first segment having
coefficient, each first segment having a first upper a first upper surface and a first lower surface opposite
surface and a first lower surface opposite the first upper the first upper surface, the first segment having a first
surfac.e, each first segment haViI}g a first le?ngth and the 25 length and forming a contiguous layer; and
plurality of first segments forming a contiguous layer; a second segment comprising a second material having a
plurah?y. of second segments, ee}ch second segment second thermal expansion coefficient, the second ther-
comprising a second material having a second thermal mal expansion coefficient being different than the first
expiaﬁls.lon go.eﬂic(i?t, the hsecoilld ﬁthemﬁal exlpansmn thermal expansion coefficient, the second segment hav-
coethicient bemng different than the first thermal expan- 30 ing a second upper surface and a second lower surface
sion coefficient, each second segment having a second - -

. opposite the second upper surface, wherein the second

upper surface and a second lower surface opposite the .

. upper surface of the second segment is coupled to the
second upper surface, wherein the second upper surface first 1 of £ the first ¢ th d
of each second segment is coupled to the first lower s oweﬁ surlace o (61: | s ;egrﬁlen, ed sle conh
surface of a respective first segment, each second 35 segment having a second length, the second lengt
segment having a second length, the second length being 1es§ than the first length, Whereln the thermal
being less than the first length, wherein the thermal actuator 1s configured to automatlcally expand and
actuator is configured to automatically expand and contract in response to a respective change in a tem-
contract in response to a respective change in a tem- perature of the thermal actuator;
perature of the thermal actuator; and 40  Wherein the thermal actuator extends from a first actuator

a base segment comprising the second material, wherein end to ah secor;ld.alcltu(aitoﬁr eéld’ Wﬁlereln ,thT (glermal
a third length of the base segment is substantially equal actuator has a height defined as the vertical distance
to the first length, and wherein the base segment is between the first actuator end and the second actuator
coupled to the first lower surface of the respective first EHQ’ :vher(;:m the helght \Illar.lelsl " be?tween a muilm?ﬁn
segment that is positioned closest to a first actuator end, 45 eight and a maximum height, in response to the

temperature of the thermal actuator, wherein the maxi-
mum height of the thermal actuator is less than a
distance associated with a critical Rayleigh number of
a self-regulating thermal insulation in which the ther-

26. A thermal actuator, comprising:
a first segment comprising a first material having a first 50
thermal expansion coeflicient, the first segment having L

mal actuator is configured for use.



