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(54) APPLICATOR SYSTEMS FOR APPLYING PRESSURE TO A STRUCTURE

(57) An applicator assembly (602) for applying pres-
sure to a composite structure (601) includes an external
frame (614), an applicator casing (610) disposed sub-
stantially within the external frame (614), and an appli-
cator (612) disposed substantially within the applicator
casing (610). The applicator casing (610) includes a first

membrane (616), and a first jamming material (618) dis-
posed within the first membrane (616). The applicator
(612) includes a second membrane (622), and a second
jamming material (624) disposed within said second
membrane (622).
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Description

BACKGROUND

[0001] The subject matter disclosed herein relates to
applicator systems for applying pressure to a structure
and, more particularly, to applicator systems that include
applicators that are jammed under vacuum and un-
jammed under positive pressure to form a structure on a
forming tool.
[0002] At least some systems for pressure forming
structures (e.g., compaction systems or applicator sys-
tems) are used in the manufacture and construction of
laminated composite structures, such as in the aero-
space industry for the construction of composite air-
frames and airframe structural members. Such struc-
tures are typically constructed from a plurality of layers
of material, or "plies," which are placed over a form and
compacted under pressure.
[0003] Many known compaction systems include a
tool, such as a mandrel or form, over which a structure
is placed for compaction. A vacuum bag may be placed
over the structure and sealed upon the form under pres-
sure to compress the structure. Other known applicator
systems include a shaped metallic compaction tool con-
figured to press the structure into a desired shape on the
tool. Such systems typically fail to account for variability
in material thickness of the structure and/or apply insuf-
ficient pressure during compression of the structure.

BRIEF DESCRIPTION

[0004] In one aspect, an applicator assembly for ap-
plying pressure to a composite structure is provided. The
applicator assembly includes an external frame, an ap-
plicator casing disposed substantially within the external
frame, and an applicator disposed substantially within
the applicator casing. The applicator casing includes a
first membrane, and a first jamming material disposed
within the first membrane. The applicator includes a sec-
ond membrane, and a second jamming material dis-
posed within the second membrane.
[0005] In another aspect, an applicator system for ap-
plying pressure to a composite structure is provided. The
applicator system includes a forming tool having a re-
ceiving surface for receiving a composite structure, an
air pump, and an applicator assembly coupled to the air
pump and configured to press the composite structure
on the receiving surface. The applicator assembly in-
cludes an external frame, an applicator casing disposed
substantially within the external frame, and an applicator
disposed substantially within the applicator casing. The
applicator casing includes a first membrane, and a first
jamming material disposed within the first membrane.
The applicator includes a second membrane, and a sec-
ond jamming material disposed within the second mem-
brane.
[0006] In yet another aspect, an applicator assembly

for applying pressure to a composite structure is provid-
ed. The applicator assembly includes an external frame
and an applicator disposed substantially within the ex-
ternal frame. The applicator includes a membrane and a
jamming material disposed within the membrane. The
applicator is configured to be jammed under vacuum and
unjammed under positive pressure to compress a com-
posite structure on a receiving surface of a tool disposed
in opposition to the applicator.

DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the present disclosure will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a cross-sectional view of an exemplary ap-
plicator system for applying pressure to a composite
structure;

FIGs. 2-5 are a series of cross-sectional views of the
applicator system shown in FIG. 1, illustrating oper-
ation of the applicator system;

FIG. 6 is a cross-sectional view of an alternative ap-
plicator system for applying pressure to a composite
structure;

FIGS. 7-9 are a series of cross-sectional views of
the applicator system shown in FIG. 6, illustrating a
first exemplary operation of the applicator system;

FIGs. 10-12 are a series of cross-sectional views of
the applicator system shown in FIG. 6, illustrating a
second exemplary operation of the applicator sys-
tem;

FIGs. 13-16 are a series of cross-sectional views of
the applicator system shown in FIG. 6, illustrating a
third exemplary operation of the applicator system;

FIG. 17 is a cross-sectional view of another alterna-
tive applicator system for applying pressure to a
composite structure;

FIGs. 18-20 are a series of cross-sectional views of
the applicator system shown in FIG. 17, illustrating
a first exemplary operation of the applicator system;
and

FIGs. 21-23 are a series of cross-sectional views of
the applicator system shown in FIG. 17, illustrating
a second exemplary operation of the applicator sys-
tem.
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[0008] Unless otherwise indicated, the drawings pro-
vided herein are meant to illustrate features of embodi-
ments of the disclosure. These features are believed to
be applicable in a wide variety of systems comprising
one or more embodiments of the disclosure. As such,
the drawings are not meant to include all conventional
features known by those of ordinary skill in the art to be
required for the practice of the embodiments disclosed
herein.

DETAILED DESCRIPTION

[0009] In the following specification and the claims, ref-
erence will be made to a number of terms, which shall
be defined to have the following meanings.
[0010] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates oth-
erwise.
[0011] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
where the event occurs and instances where it does not.
[0012] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about" and "substan-
tially", are not to be limited to the precise value specified.
In at least some instances, the approximating language
may correspond to the precision of an instrument for
measuring the value. Here and throughout the specifica-
tion and claims, range limitations may be combined
and/or interchanged, such ranges are identified and in-
clude all the sub-ranges contained therein unless context
or language indicates otherwise.
[0013] Embodiments of the present disclosure relate
to applicator systems for applying pressure to a structure.
More particularly, embodiments of the present disclosure
relate to applicator systems that include an applicator
that is jammed under vacuum and/or unjammed under
positive pressure, such that the applicator is, in an un-
jammed configuration, deformable about a receiving sur-
face of a forming tool and, in a jammed configuration,
holds the shape of the forming tool for forming a structure
on the forming tool. The structure is placed on the forming
tool and a loading force is applied through the applicator
assembly to the structure to press the structure on the
forming tool. In addition, in some embodiments, the ap-
plicator is pressurized to apply additional pressure on the
structure over the forming tool.
[0014] With respect to the embodiments described be-
low, and in any of the embodiments, heat may be applied
to the structure. For example, heat may be applied to the
structure by an applicator, an applicator frame, or both.
In addition, heat may be circulated through the jamming
material disposed within an applicator or applicator
frame, such as by one or more electrical heating element

disposed within the applicator or applicator casing. In ad-
dition, in some embodiments, one or more membranes
(e.g., a membrane of an applicator and/or a membrane
of an applicator casing) may include one or more elec-
trical heating elements, which may be configured to heat
the membrane. Heat circulated through the jamming ma-
terial and/or through the one or more membranes may
be sufficient to make a structure being formed, such as
a laminate composite structure, plaint or deformable.
[0015] As used herein, a structure, such as an appli-
cator or applicator casing, is "jammed" when air is with-
drawn from the applicator or applicator casing, such as
under vacuum or partial vacuum, to force particles of a
jamming material within the applicator or applicator cas-
ing into a rigid or semi-rigid configuration.
[0016] As used herein, a structure, such as an appli-
cator or applicator casing, is "pressurized" when air is
pumped into the applicator or applicator casing. During
pressurization, the applicator or applicator casing be-
comes rigid or semi-rigid.
[0017] As used herein, a structure, such as an appli-
cator or applicator casing, is "unjammed" or "relaxed"
when a small amount of air or no air is pumped into ap-
plicator or applicator casing, or when air is released from
an applicator or applicator casing, such that particles of
a jamming material within the applicator or applicator cas-
ing are flowable or semi-flowable, and such that the ap-
plicator or applicator casing is flexible or deformable.
[0018] Although various applicator systems are de-
scribed below with reference to the figures, it will be un-
derstood that these systems are merely exemplary and
that other applicator systems capable of jamming and
pressurization operations are also contemplated. For ex-
ample, the specific jamming and unjamming operations
described in connection with each applicator system be-
low may vary based upon one or more factors, such as
the jamming material used in each applicator system and
the structure to be formed.
[0019] FIG. 1 is a cross-sectional view of an exemplary
applicator system 100 for applying pressure to a structure
101, such as, and without limitation, a composite lami-
nate structure. Applicator system 100 includes an appli-
cator assembly 102, a forming tool 104, an air pump 106,
and a movement mechanism 109. Movement mecha-
nism 109 may translate about an axis or system of axes
which are used to control the movement of the applicator
assembly 102. In various embodiments, movement
mechanism 109 is an actuator, such as a linear actuator
or a robotic arm. In some embodiments, applicator sys-
tem 100 includes an air filter (not shown) disposed in fluid
communication with air pump 106 and configured to filter
air entering and/or exiting air pump 106.
[0020] In the exemplary embodiment, forming tool 104
is a rigid structure configured to receive structure 101 for
forming on forming tool 104. Forming tool 104 thus in-
cludes a receiving surface 110 that is shaped to receive
structure 101 and on which structure 101 is pressed into
a desired shape or form.
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[0021] Applicator assembly 102 includes an applicator
108 and an external frame 116. Applicator 108 includes
a membrane 112 and a jamming material 114. Membrane
112 is flexible and is made from any suitable flexible ma-
terial, such as an elastomer, a rubber compound, or any
other suitable material that is substantially gas imperme-
able and flexible. Membrane 112 also includes an outer
surface 113 that is configured to make contact with re-
ceiving surface 110 of forming tool 104.
[0022] Membrane 112 is filled with jamming material
114. More particularly, a cavity 118 is defined within
membrane 112, and cavity 118 is filled with jamming ma-
terial 114.
[0023] In the exemplary embodiment, jamming mate-
rial 114 is a granular media in which forces (such as nor-
mal forces, friction forces, Van der Wall forces) acting
between particles of jamming material 114 can be varied
to create a network of granular particles having a variable
or adjustable rigidity. In various embodiments, jamming
material 114 includes particles such as sand, glass
beads, different organic particles (e.g., coffee grounds,
tree nut shells), or any other granular media within which
forces acting between the particles can be varied to in-
fluence the rigidity of the network or system of particles
as a whole.
[0024] External frame 116 is a rigid support member
to which membrane 112 is coupled and/or sealed. Exter-
nal frame 116 also includes a vacuum port 120 that is
coupled to air pump 106. Movement mechanism 109 is
mechanically coupled to external frame 116 and config-
ured to apply a loading force to external frame 116.
[0025] FIGs. 2-4 are a series of cross-sectional views
of applicator system 100, illustrating operation of appli-
cator system 100. Accordingly, with attention to FIG. 2,
during operation, a small amount of air is pumped into
cavity 118 of applicator 108 to reduce the forces acting
between particles of jamming material 114, such that
jamming material 114 is able to shift and flow within cavity
118. Membrane 112 is thus compliant about jamming
material 114, and the shape of applicator 108 is adjust-
able or deformable. In some embodiments, no air is
pumped into cavity 118 and/or air is released, which
leaves jamming material 114 in a relaxed state, such that
jamming material 114 is able to shift and flow within cavity
118.
[0026] As shown with reference to FIG. 3, applicator
assembly 102 is lowered over or otherwise moved into
contact with receiving surface 110 of forming tool 104.
In some embodiments, movement mechanism 109
moves applicator assembly 102 into and out of contact
with forming tool 104. As applicator assembly 102 makes
contact with forming tool 104, jamming material 114 flows
or shifts within membrane 112, such that applicator 108
takes the shape of receiving surface 110 of forming tool
104.
[0027] With reference to FIG. 4, air is pumped out of
cavity 118 of applicator 108, causing jamming material
114 to become rigid, or jam, within applicator 108. Appli-

cator 108 is thus jammed in the shape of receiving sur-
face 110 of forming tool 104. This may happen progres-
sively and at any stage during the movement of applicator
assembly 102 towards the surface of forming tool 104
[0028] As shown with reference to FIG. 5, an external
force is also applied, such as by movement mechanism
109, such that structure 101 is pressed and compacted
between applicator 108 and forming tool 104. The exter-
nal force applied is sufficient to smoothly and suitably
compact structure 101 as well as to give structure 101
the desired shape against forming tool 104. In addition,
in some embodiments, applicator 108 is pressurized un-
der positive pressure, such that applicator 108 applies
an additional loading force or pressure against structure
101 on forming tool 104.
[0029] FIG. 6 is a cross-sectional view of an alternative
applicator system 600 for applying pressure to a structure
601. Applicator system 600 includes an applicator as-
sembly 602, a forming tool 604, an air pump 606, and a
movement mechanism 609. Movement mechanism 609
may translate about an axis or system of axes which are
used to control the movement of the applicator assembly
602. In various embodiments, movement mechanism
609 is an actuator, such as a linear actuator or a robotic
arm. In some embodiments, applicator system 600 in-
cludes an air filter (not shown) disposed in fluid commu-
nication with air pump 606 and configured to filter air en-
tering and/or exiting air pump 606.
[0030] In the exemplary embodiment, forming tool 604
is substantially similar to forming tool 104. For example,
forming tool 604 is a rigid structure configured to receive
structure 601, such as a composite laminate structure,
for forming on forming tool 604. Forming tool 604 thus
includes a receiving surface 608 that is shaped to receive
structure 601 and on which structure 601 is pressed into
a desired shape or form.
[0031] Applicator assembly 602 includes an applicator
casing 610, an applicator 612, and an external frame
614. Applicator casing 610 includes a first membrane
616 and a first jamming material 618. First membrane
616 is flexible and is made from any suitable flexible ma-
terial, such as an elastomer, a rubber compound, or any
other suitable material that is substantially gas imperme-
able and flexible.
[0032] First membrane 616 is filled with first jamming
material 618. More particularly, a cavity 620 is defined
within first membrane 616, and first jamming material 618
fills cavity 620. First jamming material 618 is the same
as jamming material 114.
[0033] Applicator 612 includes a second membrane
622 and a second jamming material 624. Second mem-
brane 622 is flexible and is made from any suitable flex-
ible material, such as an elastomer, a rubber compound,
or any other suitable material that is substantially gas
impermeable and flexible. Second membrane 622 in-
cludes a contact surface 623 that is configured to make
contact with structure 601.
[0034] Second membrane 622 is filled with second
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jamming material 624. For example, a cavity 626 is de-
fined within second membrane 622, and second jamming
material 624 fills cavity 626. In the exemplary embodi-
ment, second jamming material 624 is the same as first
jamming material 618. However, in various embodi-
ments, second jamming material is different from first
jamming material 618. In other words, in some embodi-
ments, first membrane 616 is filled with one type of jam-
ming material (e.g., sand), while second membrane 622
is filled with another type of jamming material (e.g., tree
nut shells).
[0035] External frame 614 is a rigid support member
to which applicator casing 610 is coupled and/or sealed.
External frame 614 includes a vacuum port 628 that is
coupled to air pump 606. Movement mechanism 609 is
also mechanically coupled to external frame 614 and
configured to apply a loading force to external frame 614.
[0036] In the exemplary embodiment, applicator cas-
ing 610 is substantially n-shaped and first membrane 616
of applicator casing 610 defines a pocket 630 that is con-
figured to receive or house applicator 612. Thus, appli-
cator 612 is disposed at least partially within pocket 630
of applicator casing 610. Applicator 612 is coupled within
applicator casing 610, such as by one or more fasteners,
an adhesive, heat bonding, and the like.
[0037] Vacuum port 628 is in fluid communication with
applicator casing 610, such that air pump 606 is able to
withdraw air from applicator casing 610 to jam applicator
casing 610 and to pump air into applicator casing 610 to
pressurize applicator casing 610. Similarly, vacuum port
628 is in fluid communication with applicator 612, such
that air pump 606 is able to withdraw air from applicator
612 to jam applicator 612 and to pump air into applicator
612 to pressurize applicator 612. In some embodiments,
a selectively configurable valve (not shown) is included
in vacuum port 628 to selectively control jamming and
unjamming operations for each of applicator casing 610
and applicator 612. In other embodiments, applicator
casing 610 and applicator 612 are coupled to independ-
ent vacuum ports (not shown), such that one or more air
pumps can be operated to independently jam and unjam
applicator casing 610 and applicator 612.
[0038] In addition, applicator casing 610 includes a first
contact surface 632 and a second contact surface 634,
each of which is configured to make contact with receiv-
ing surface 608 of forming tool 604. First contact surface
632 and second contact surface 634 are flexible and con-
figured to conform to receiving surface 608 of forming
tool 604. In the exemplary embodiment, first contact sur-
face 632 and second contact surface 634 are configured
to form a seal with receiving surface 608 of forming tool
604, such that, when applicator 612 is pressurized within
applicator casing 610, second membrane 622 of appli-
cator 612 does not burst under pressure.
[0039] FIGs. 7-9 are a series of cross-sectional views
of applicator system 600, illustrating a first exemplary
operation of applicator system 600. Accordingly, with at-
tention to FIG. 7, during operation, applicator assembly

602 is lowered or otherwise placed in contact with struc-
ture 601 on forming tool 604, such as by movement
mechanism 609. In this example, both of applicator cas-
ing 610 and applicator 612 begin operation in an un-
jammed or relaxed configuration.
[0040] With reference to FIG. 8, once applicator 612
is in contact with structure 601 of forming tool 604, ap-
plicator 612 may be jammed, and/or applicator casing
610 may be jammed. In addition, as shown, first contact
surface 632 and second contact surface 634 of applicator
casing 610 make contact against receiving surface 608
of forming tool 604, which is irregularly shaped, such that
receiving surface 608 is non-planar or includes at least
one non-planar feature. In some embodiments, first con-
tact surface 632 and second contact surface 634 form at
least a partial seal against receiving surface 608.
[0041] As shown with reference to FIG. 9, once appli-
cator casing 610 is in contact with and/or sealed on re-
ceiving surface 608 of forming tool 604, air is pumped
into applicator 612 to pressurize applicator 612. As ap-
plicator 612 is pressurized, second membrane 622 of
applicator 612 exerts pressure against first membrane
616 of applicator casing 610. In this configuration, appli-
cator 612 is contained within applicator casing 610, which
is jammed, such that applicator 612 is supported within
jammed applicator casing 610 and does not burst under
pressure. In addition, the pressure exerted by second
membrane 622 of applicator 612 acts to press structure
601 onto receiving surface 608 of forming tool 604 and
compresses or compacts structure 601 on receiving sur-
face 608. In some embodiments, movement mechanism
609 also applies a loading force to external frame 614 to
press structure 601 between applicator assembly 602
and receiving surface 608 of forming tool 604.
[0042] FIGs. 10-12 are a series of cross-sectional
views of applicator system 600 (shown in FIG. 6), illus-
trating a second exemplary operation of applicator sys-
tem 600. The second exemplary operation is substan-
tially similar to the first exemplary operation described
above with reference to FIGs. 7-9, except that applicator
casing 610 and applicator 612 begin in jammed config-
urations. Thus, in the second exemplary operation, ap-
plicator 612 is brought into contact with structure 601 on
receiving surface 608 of forming tool 604 already jammed
and partially surrounded by jammed applicator casing
610.
[0043] FIGs. 13-16 are a series of cross-sectional
views of applicator system 600 (shown in FIG. 6), illus-
trating a third exemplary operation of applicator system
600. The third exemplary operation is substantially sim-
ilar to the second exemplary operation described above
with reference to FIGS. 10-12, in that applicator casing
610 and applicator 612 begin operation in a jammed con-
figuration. However, as shown at FIG. 15, applicator cas-
ing 610 is pressurized over jammed applicator 612 to
bring first contact surface 632 and second contact sur-
face 634 of applicator casing 610 into pressurized contact
with receiving surface 608 of forming tool 604. In addition,
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as shown with respect to FIG. 16, applicator 612 is pres-
surized within pressurized applicator casing 610 to exert
additional pressure and compression force against struc-
ture 601 on receiving surface 608 of forming tool 604.
[0044] FIG. 17 is a cross-sectional view of an alterna-
tive applicator system 1700 for applying pressure to a
structure 1701. Applicator system 1700 is substantially
similar to applicator system 600, except that applicator
system 1700 does not include applicator casing 610. Ac-
cordingly, as shown, applicator system 1700 includes an
applicator assembly 1702, a forming tool 1704, an air
pump 1706, and a movement mechanism 1709. Forming
tool 1704, air pump 1706, and movement mechanism
1709 are substantially similar to forming tool 604, air
pump 606, and movement mechanism 609, respectively.
Movement mechanism 1709 may translate about an axis
or system of axes which are used to control the move-
ment of applicator assembly 1702. In various embodi-
ments, movement mechanism 609 is an actuator, such
as a linear actuator or a robotic arm. In some embodi-
ments, applicator system 1700 includes an air filter (not
shown) disposed in fluid communication with air pump
1706 and configured to filter air entering and/or exiting
air pump 1706.
[0045] In the exemplary embodiment, applicator as-
sembly 1702 includes an applicator 1708 and an external
frame 1710. Applicator 1708 includes a membrane 1712
and a jamming material 1714. Membrane 1712 is flexible
and is made from any suitable flexible material, such as
an elastomer, a rubber compound, or any other suitable
material that is substantially gas impermeable and flex-
ible. Membrane 1712 includes a contact surface 1716
that is configured to make contact with structure 1701.
[0046] Membrane 1712 is filled within jamming mate-
rial 1714. For example, a cavity 1718 is defined within
membrane 1712, and jamming material 1714 fills cavity
1718. In the exemplary embodiment, jamming material
1714 is the same as jamming material 114.
[0047] External frame 1710 is a rigid support member
to which applicator 1708 is coupled and/or sealed. Ex-
ternal frame 1710 includes a vacuum port 1720 that is
coupled to air pump 1706. Vacuum port 1720 is in fluid
communication with applicator 1708, such that air pump
1706 is able to withdraw air from applicator 1708 to jam
applicator 1708 and to pump air into applicator 1708 to
pressurize applicator 1708. Movement mechanism 1709
is mechanically coupled to external frame 1710 and con-
figured to apply a loading force to external frame 1710.
[0048] External frame 1710 is substantially n-shaped
and defines a recess 1722 that is configured to receive
and/or house applicator 1708. Thus, applicator 1708 is
disposed at least partially within recess 1722 of external
frame 1710. In the exemplary embodiment, applicator
1708 is coupled within recess 1722, such as by one or
more fasteners, an adhesive, heat bonding, and the like.
[0049] FIGs. 18-20 are a series of cross-sectional
views of applicator system 1700, illustrating a first exem-
plary operation of applicator system 1700. Accordingly,

with attention to FIGs. 18 and 19, during operation, ap-
plicator assembly 1702 is lowered or otherwise placed
in contact with structure 1701 on forming tool 1704, such
as by movement mechanism 1709. In this example, ap-
plicator 1708 is positioned over structure 1701 in an un-
jammed or relaxed configuration. With reference to FIG.
20, applicator 1708 is subsequently pressurized to exert
a compressive force over structure 1701, such that struc-
ture 1701 is pressed, as described herein, onto forming
tool 1704.
[0050] FIGs. 21-23 are a series of cross-sectional
views of applicator system 1700, illustrating a second
exemplary operation of applicator system 1700. Accord-
ingly, with attention to FIGs. 21 and 22, during operation,
applicator assembly 1702 is lowered or otherwise placed
in contact with structure 1701 on forming tool 1704, such
as by movement mechanism 1709. In this example, ap-
plicator 1708 is positioned over structure 1701 in jammed
configuration. In addition, and with reference to FIG. 23,
applicator 1708 is subsequently pressurized to exert a
compressive force over structure 1701, such that struc-
ture 1701 is pressed, as described herein, onto forming
tool 1704.
[0051] Embodiments of the applicator systems, as de-
scribed above, facilitate the application of pressure to a
structure. More particularly, embodiments of the present
disclosure relate to applicator systems that include, at
least, an applicator that is jammed under vacuum and/or
unjammed under positive pressure, such that the appli-
cator is, in an unjammed configuration, deformable about
a receiving surface of a forming tool and, in a jammed
configuration, holds the shape of the forming tool for form-
ing a structure on the forming tool. The structure is placed
on the forming tool and a loading force is applied through
the applicator assembly to the structure to press the
structure on the forming tool. In addition, in some em-
bodiments, the applicator is pressurized to apply addi-
tional pressure on the structure over the forming tool.
[0052] Exemplary technical effects of the applicator
systems described herein include, for example: (a) form-
ing a structure between a jammed applicator and a form-
ing tool; (b) forming a structure between a pressurized
applicator and a forming tool; (c) forming a structure be-
tween a jammed and/or pressurized applicator and a
forming tool, in which the applicator is at least partially
surrounded by an unjammed and/or pressurized appli-
cator casing; and (d) forming a structure between a
jammed and/or pressurized applicator and a forming tool,
in which the applicator is at least partially surrounded by
a rigid external frame.
[0053] Exemplary embodiments of applicator systems
and related components are described above in detail.
The systems are not limited to the specific embodiments
described herein, but rather, components of systems
and/or steps of the methods may be utilized independ-
ently and separately from other components and/or steps
described herein. For example, the configuration of com-
ponents described herein may also be used in combina-
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tion with other processes, and is not limited to practice
with the systems and related methods as described here-
in. Rather, the exemplary embodiment can be imple-
mented and utilized in connection with many applications
where pressure forming a structure is desired.
[0054] Although specific features of various embodi-
ments of the present disclosure may be shown in some
drawings and not in others, this is for convenience only.
In accordance with the principles of the present disclo-
sure, any feature of a drawing may be referenced and/or
claimed in combination with any feature of any other
drawing.
[0055] This written description uses examples to dis-
close the embodiments of the present disclosure, includ-
ing the best mode, and also to enable any person skilled
in the art to practice the disclosure, including making and
using any devices or systems and performing any incor-
porated methods. The patentable scope of the embodi-
ments described herein is defined by the claims, and may
include other examples that occur to those skilled in the
art. Such other examples are intended to be within the
scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if
they include equivalent structural elements with insub-
stantial differences from the literal language of the claims.
[0056] Various aspects and embodiments of the
present invention are defined by the following clauses:

1. An applicator assembly for applying pressure to
a composite structure, said applicator assembly
comprising:

an external frame;

an applicator casing disposed substantially with-
in said external frame, said applicator casing
comprising:

a first membrane; and

a first jamming material disposed within said
first membrane; and

an applicator disposed substantially within said
applicator casing, said applicator comprising:

a second membrane; and

a second jamming material disposed within
said second membrane.

2. The applicator assembly of clause 1, wherein said
applicator casing is configured to conform to a re-
ceiving surface of a forming tool, said receiving sur-
face having at least one non-planar feature.

3. The applicator assembly of clause 1, wherein said
applicator casing is configured to partially extend

about said applicator.

4. The applicator assembly of clause 1, wherein at
least one of applicator and said applicator casing is
configured to be at least one of pressurized and
jammed.

5. The applicator assembly of clause 1, wherein said
applicator casing is configured to be at least one of
pressurized and jammed and said applicator is con-
figured to be at least one of pressurized and jammed.

6. The applicator assembly of clause 1, wherein at
least one of said applicator and said applicator cas-
ing is configured to be heated.

7. The applicator assembly of clause 1, wherein said
applicator assembly is coupled to a movement
mechanism that is configured to control movement
of said applicator assembly.

8. The applicator assembly of clause 7, wherein said
movement mechanism is configured to apply a force
through said applicator assembly.

9. An applicator system for applying pressure to a
composite structure, said applicator system com-
prising:

a forming tool having a receiving surface for re-
ceiving a composite structure;

an air pump; and

an applicator assembly coupled to said air pump
and configured to press the composite structure
on said receiving surface, said applicator as-
sembly comprising:

an external frame;

an applicator casing disposed substantially with-
in said external frame, said applicator casing
comprising:

a first membrane; and

a first jamming material disposed within said
first membrane; and

an applicator disposed substantially within said
applicator casing, said applicator comprising:

a second membrane; and

a second jamming material disposed within
said second membrane.
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10. The applicator system of clause 9, wherein said
applicator casing is configured to conform to a re-
ceiving surface of said forming tool, said receiving
surface having at least one non-planar feature.

11. The applicator system of clause 9, wherein said
applicator casing is configured to partially extend
about said applicator.

12. The applicator assembly of clause 9, wherein at
least one of applicator and said applicator casing is
configured to be at least one of pressurized and
jammed.

13. The applicator assembly of clause 9, wherein
said applicator casing is configured to be at least one
of pressurized and jammed and said applicator is
configured to be at least one of pressurized and
jammed.

14. The applicator assembly of clause 9, wherein at
least one of said applicator and said applicator cas-
ing is configured to be heated.

15. The applicator assembly of clause 9, wherein
said applicator assembly is coupled to a movement
mechanism that is configured to control movement
of said applicator assembly.

16. The applicator assembly of clause 15, wherein
said movement mechanism is configured to apply a
force through said applicator assembly.

17. An applicator assembly for applying pressure to
a composite structure, said applicator assembly
comprising:

an external frame;

an applicator disposed substantially within said
external frame, said applicator comprising:

a membrane; and

a jamming material disposed within said
membrane, wherein said applicator is con-
figured to be jammed under vacuum and
unjammed under positive pressure to com-
press a composite structure on a receiving
surface of a tool disposed in opposition to
said applicator.

18. The applicator assembly of clause 17, wherein
said applicator is configured to be heated.

19. The applicator assembly of clause 17, wherein
said applicator assembly is coupled to a movement
mechanism that is configured to control movement

of said applicator assembly.

20. The applicator assembly of clause 19, wherein
said movement mechanism is configured to apply a
force through said applicator assembly.

Claims

1. An applicator assembly (602) for applying pressure
to a composite structure (601), said applicator as-
sembly (602) comprising:

an external frame (614);
an applicator casing (610) disposed substantial-
ly within said external frame (614), said applica-
tor casing (610) comprising:

a first membrane (616); and
a first jamming material (618) disposed
within said first membrane (616); and

an applicator (612) disposed substantially within
said applicator casing (610), said applicator
(612) comprising:

a second membrane (622); and
a second jamming material (624) disposed
within said second membrane (622).

2. The applicator assembly (602) of claim 1, wherein
said applicator casing (610) is configured to conform
to a receiving surface (608) of a forming tool (604),
said receiving surface (608) having at least one non-
planar feature.

3. The applicator assembly (602) of claim 1 or 2, where-
in said applicator casing (610) is configured to par-
tially extend about said applicator (612).

4. The applicator assembly (602) of any one of claims
1 to 3, wherein at least one of applicator (612) and
said applicator casing (610) is configured to be at
least one of pressurized and jammed.

5. The applicator assembly (602) of any one of claims
1 to 3, wherein said applicator casing (610) is con-
figured to be at least one of pressurized and jammed
and said applicator (612) is configured to be at least
one of pressurized and jammed.

6. The applicator assembly (602) of any one of claims
1 to 5, wherein at least one of said applicator (612)
and said applicator casing (610) is configured to be
heated.

7. The applicator assembly (602) of any one of claims
1 to 6, wherein said applicator assembly (602) is cou-
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pled to a movement mechanism (609) that is config-
ured to control movement of said applicator assem-
bly (602).

8. The applicator assembly (602) of claim 7, wherein
said movement mechanism (609) is configured to
apply a force through said applicator assembly (602).

9. An applicator system (600) for applying pressure to
a composite structure (601), said applicator system
(600) comprising:

a forming tool (604) having a receiving surface
(608) for receiving a composite structure (601);
an air pump (606); and
an applicator assembly (602) coupled to said air
pump (606) and configured to press the com-
posite structure (601) on said receiving surface
(608), said applicator assembly (602) compris-
ing:

an external frame (614);
an applicator casing (610) disposed sub-
stantially within said external frame (614),
said applicator casing (610) comprising:

a first membrane (616); and
a first jamming material (618) disposed
within said first membrane (616); and

an applicator (612) disposed substantially
within said applicator casing (610), said ap-
plicator (612) comprising:

a second membrane (622); and
a second jamming material (624) dis-
posed within said second membrane
(622).

10. The applicator system (600) of claim 9, wherein said
applicator casing (610) is configured to conform to
a receiving surface (608) of said forming tool (604),
said receiving surface (608) having at least one non-
planar feature.

11. The applicator system (600) of claim 9 or 10, wherein
said applicator casing (610) is configured to partially
extend about said applicator (612).

12. The applicator assembly (600) of any one of claims
9 to 11, wherein at least one of applicator (612) and
said applicator casing (610) is configured to be at
least one of pressurized and jammed.

13. The applicator assembly (600) of any one of claims
9 to 11, wherein said applicator casing (610) is con-
figured to be at least one of pressurized and jammed
and said applicator (612) is configured to be at least

one of pressurized and jammed.

14. The applicator assembly (600) of any one of claims
9 to 13, wherein at least one of said applicator (612)
and said applicator casing (610) is configured to be
heated.

15. An applicator assembly (1702) for applying pressure
to a composite structure (1701), said applicator as-
sembly (1702) comprising:

an external frame (1710);
an applicator (1708) disposed substantially with-
in said external frame (1710), said applicator
(1708) comprising:

a membrane (1712); and
a jamming material (1714) disposed within
said membrane (1712), wherein said appli-
cator (1708) is configured to be jammed un-
der vacuum and unjammed under positive
pressure to compress a composite structure
(1701) on a receiving surface of a tool
(1704) disposed in opposition to said appli-
cator (1708).
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