COMPACTION SYSTEM AND METHODS
FOR COMPACTING COMPOSITE COMPONENTS

FIELD
[0001] The present subject matter relates generally tgpaation systems and
methods of compacting composite components, suchraposite components for

gas turbine engines.

BACKGROUND
[0002] Some gas turbine engines can include a numbeffefett types of
composite components, such as Ceramic Matrix CorgESMC) components and
Polymer Matrix Composite (PMC) components. Inphecess of manufacturing such
composite components, and composite componentsajgnéhere is often a need to
compact the components. Conventional manufactumethods, such as a vacuum/
positive pressure debulk methods and press methaus,been effective for
compacting composite components. However, conmeatimethods usually require
complex equipment and tool moving solutions. Aiddidlly, they can be
cumbersome and imprecise in the way they applyspresdo the component.
[0003]  Accordingly, improved compaction systems and methafdcompacting
composite components that address one or moreafhiillenges noted above would

be useful.

BRIEF DESCRIPTION
[0004] Aspects and advantages of the invention will bdaéh in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0005] In one aspect, a method is provided. The methdddes positioning a
laminate formed of plies on a tool of a compactgstem. The laminate defines a
cavity. The method also includes positioning adieoelative to or in the cavity.
Further, the method includes positioning a nooutig relative to the noodle. In
addition, the method includes moving a plungemplaa force on the noodle ring so
that the noodle ring compacts the noodle into thety.



[0006] In another aspect, a method is provided. The naeitih@udes positioning
a laminate on a tool of a compaction system. aha@rate has a first section and a
second section each formed of one or more pliesthér, the laminate defines a
cavity at a location where the first section arneldecond section diverge. The
method also includes positioning at least a portiba noodle in the cavity. Further,
the method includes positioning a noodle ring redato the noodle, the noodle ring
having a cross section shaped complementary toss section of the noodle. In
addition, the method includes moving a plungemplyaa force on the noodle ring so
that the noodle ring compacts the noodle into thaty.

[0007] In yet another aspect, a method is provided. Ta#ad includes
positioning a laminate on a tool of a compactiostey, the laminate defining a
cavity. In addition, the method includes positranat least a portion of a noodle in
the cavity and positioning a noodle ring relativete noodle. Further, the method
includes coupling the noodle ring to the tool. Thethod also includes applying a
force on the noodle ring so that the noodle is cactgd into the cavity.

[0008] These and other features, aspects and advantatiesmesent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, wdniehncorporated in and
constitute a part of this specification, illustrambodiments of the invention and,
together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] A full and enabling disclosure of the present imi@am including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefigares, in which:
[0010] FIG. 1 provides a schematic cross-sectional vieanoéxemplary gas
turbine engine according to various embodimenth®fpresent subject matter;
[0011] FIG. 2 provides a perspective view of a turbineal®segment according
to an exemplary embodiment of the present subjattem
[0012] FIG. 3 provides a schematic cross-sectional vieaw admpaction system
in the process of compacting a laminate accordrantexample embodiment of the
present subject matter;



[0013] FIG. 4 provides a perspective view of an exampledfering positioned
relative to a noodle according to an example emhedt of the present subject
matter;

[0014] FIG. 5 provides a perspective view of another edxampodle ring
positioned relative to a noodle according to amg{a embodiment of the present
subject matter;

[0015] FIG. 6 provides a schematic cross-sectional vieanother compaction
system in the process of compacting a laminaterdoupto an example embodiment
of the present subject matter;

[0016] FIG. 7 provides a schematic cross-sectional vieyebfanother
compaction system in the process of compactingiénkte according to an example
embodiment of the present subject matter;

[0017] FIG. 8 provides a schematic cross-sectional view foirther compaction
system in the process of compacting a laminaterdogpto an example embodiment
of the present subject matter;

[0018] FIG. 9 provides a schematic cross-sectional view fofrther compaction
system in the process of compacting a laminaterdogpto an example embodiment
of the present subject matter; and

[0019] FIG. 10 provides a flow diagram of a method of cactmg a laminate
according to one example embodiment of the presdrject matter;

[0020] FIG. 11 provides a schematic cross-sectional vieswampaction system
in the process of shaping a cavity of a laminate ¢iesired shape according to one
example embodiment of the present subject matter; a

[0021] FIG. 12 provides a schematic view of a computingey for
implementing one or more aspects of the presealodisre according to example
embodiments of the present subject matter.

[0022] Repeat use of reference characters in the preseaifisation and
drawings is intended to represent the same or goatofeatures or elements.

DETAILED DESCRIPTION
[0023] Reference will now be made in detail to present@udlithents of the
invention, one or more examples of which are ilatgtd in the accompanying



drawings. The detailed description uses numeanédlletter designations to refer to
features in the drawings. Like or similar desigmag in the drawings and description
have been used to refer to like or similar parthefinvention. As used herein, the
terms “first,” “second,” and “third” may be usedenchangeably to distinguish one
component from another and are not intended tafgitptation or importance of the
individual components. The terms “upstream” anoWidstream” refer to the relative
direction with respect to fluid flow in a fluid gawvay. For example, “upstream”
refers to the direction from which the fluid flowad “downstream” refers to the
direction to which the fluid flows.

[0024]  Approximating language, as used herein throughwuspecification and
claims, is applied to modify any quantitative regmetation that could permissibly
vary without resulting in a change in the basicction to which it is related.
Accordingly, a value modified by a term or termsgts as “about”, “approximately”,
and “substantially”, are not to be limited to thregise value specified. For example,
the approximating language may refer to being withi, 2, 4, 5, 10, 15, or 20
percent margin in either individual values, ranyjefsvalues, and/or endpoints
defining range(s) of values.

[0025] Exemplary aspects of the present disclosure aeetéil to compaction
systems and methods of compacting components,asucbmposite components for
gas turbine engines. In one aspect, a methodsdad for compacting a laminate.
The laminate can form an entire portion of a contpasmponent or a portion
thereof. The laminate can be laid up on a toa obmpaction system or can be laid
up elsewhere and subsequently positioned on the Tdw laminate is laid up in such
a way that the laminate defines a cavity. Thetgasan be a space between two
diverging sections of the laminate, for exampleitivthe laminate positioned on the
tool, a noodle is positioned relative to or in tawity. Generally, the noodle fills the
cavity to improve the mechanical properties ofrésfied component. In some
embodiments, prior to positioning the noodle reato the cavity, a shaping tool can
be moved into the cavity to shape the cavity tesirdd shape. This may ensure the
cavity is sized to receive the noodle.

[0026]  With the noodle positioned relative to or in theitg a noodle ring is

positioned relative to the noodle. For instanke,noodle ring can be placed over the



noodle. A cross section of the noodle ring cashmgped complementary to a cross
section of the noodle. For instance, if the noddle a cross section with an airfolil
shape, the noodle ring can likewise have a cradgogewith the same airfoil shape.
The noodle ring can have a hollow interior, a ldbkeugh window, or can be
transparent in whole or in part. In this way, wia@noperator is positioning the
noodle ring relative to the noodle, the operat@bike to visibly see the plies of the
laminate and can take care not to damage the gilesome embodiments, optionally,
a sheet or film is placed between the noodle aadhtwodle ring.

[0027]  With the noodle ring positioned in place, a plungethe compaction
system is moved so that it engages the noodle fagticularly, the plunger is moved
in such a way that a force is applied on the noadteso that the noodle ring
compacts the noodle into the cavity. Any suitabkchanical device, mechanism, or
system can be used to move the plunger so thaiotba@le is ultimately compacted
into the cavity. In addition to compacting the diminto the cavity, the laminate or
portions thereof can likewise be compacted whermplineger is moved during the
compaction process.

[0028] The compaction systems and methods provided hpreinde a number

of advantages and benefits. For instance, themsygsand methods provided herein
allow for compaction of a component with minimalbgmment and tool
transportation, offering decreased process timdeanter processes, among other
benefits. Further, the systems and methods prd\hdecin provide the ability to
apply pressure to specific portions of a laminatiy,ce.g., compacting a noodle into a
cavity of a laminate. This may allow for improveaimpaction/composite part
assembly and increased part yield. In additiompmaction of a composite component
using the systems and methods disclosed hereibhecarore closely controlled than
with conventional systems and techniques, suclaggibg. For instance, the systems
and methods provided herein can compact compométhtprecise load or
displacement-controlled compaction.

[0029] FIG. 1 provides a schematic cross-sectional viea gés turbine engine in
accordance with one example embodiment of the ptesidbject matter. For the
depicted embodiment of FIG. 1, the gas turbinereng a high-bypass turbofan jet
engine 10, referred to herein as “turbofan 10.”sAewn in FIG. 1, the turbofan 10



defines an axial direction A (extending parallehttongitudinal centerline 12
provided for reference), a radial direction R, andrcumferential direction extending
in a plane orthogonal to the axial direction A threindred sixty degrees around the
longitudinal centerline 12.

[0030] The turbofan 10 includes a fan section 14 and a ttobine engine 16
disposed downstream from the fan section 14. ©he ttirbine engine 16 includes a
substantially tubular outer casing 18 that defa@snnular core inlet 20. The outer
casing 18 encases, in serial flow relationshipramressor section including a
booster or low pressure (LP) compressor 22 andlapressure (HP) compressor 24;
a combustion section 26; a turbine section inclgdirhigh pressure (HP) turbine 28
and a low pressure (LP) turbine 30; and a jet esthaozzle section 32. A high
pressure (HP) shaft or spool 34 drivingly connéeesHP turbine 28 to the HP
compressor 24. A low pressure (LP) shaft or s@éadrivingly connects the LP
turbine 30 to the LP compressor 22.

[0031] The fan section 14 includes a variable pitch fam&@ng a plurality of fan
blades 40 coupled to a disk 42 in a spaced aparmhena As depicted, the fan blades
40 extend outward from the disk 42 generally altreggradial direction R. Each fan
blade 40 is rotatable relative to the disk 42 alaopitch axis P by virtue of the fan
blades 40 being operatively coupled to a suitabileation member 44 configured to
collectively vary the pitch of the fan blades 4Qimson. The fan blades 40, disk 42,
and actuation member 44 are together rotatabletabelongitudinal axis 12 by LP
shaft 36.

[0032] Referring still to FIG. 1, the disk 42 is covereddrotatable front nacelle
48 aerodynamically contoured to promote an airfltomugh the plurality of fan
blades 40. Additionally, the fan section 14 in@dsdn annular fan casing or outer
nacelle 50 that circumferentially surrounds the38rand/or at least a portion of the
core turbine engine 16. The nacelle 50 may be@tgqh relative to the core turbine
engine 16 by a plurality of circumferentially-spdamutlet guide vanes 52. Moreover,
a downstream section 54 of the nacelle 50 may extear an outer portion of the
core turbine engine 16 so as to define a bypafisvaipassage 56 therebetween.
[0033] During operation of the turbofan 10, a volume of5d enters the turbofan
10 through an associated inlet 60 of the nacellarigllor fan section 14. As the



volume of air 58 passes across the fan blades #@t @ortion of the air 58 as
indicated by arrows 62 is directed or routed it lbypass airflow passage 56 and a
second portion of the air 58 as indicated by amdws directed or routed into the
annular core inlet 20 and into the LP compressor# pressure of the second
portion of air 64 is then increased as it is routedugh the high pressure (HP)
compressor 24 and into the combustion section Béyavit is mixed with fuel and
burned to provide combustion gases 66.

[0034] The combustion gases 66 are routed through theiHbihe 28 where a
portion of thermal and/or kinetic energy from tlmenbustion gases 66 is extracted via
sequential stages of HP turbine stator vanes G&tkacoupled to the outer casing 18
and HP turbine rotor blades 70 that are couplddediP shaft or spool 34, thus
causing the HP shaft or spool 34 to rotate, theselpporting operation of the HP
compressor 24. The combustion gases 66 are thedrthrough the LP turbine 30
where a second portion of thermal and kinetic energxtracted from the
combustion gases 66 via sequential stages of ldheristator vanes 72 that are
coupled to the outer casing 18 and LP turbine rolades 74 that are coupled to the
LP shaft or spool 36, thus causing the LP shaspoiol 36 to rotate, thereby
supporting operation of the LP compressor 22 anatation of the fan 38.

[0035] The combustion gases 66 are subsequently routedgiithe jet exhaust
nozzle section 32 of the core turbine engine I&¢eide propulsive thrust.
Simultaneously, the pressure of the first portibain62 is substantially increased as
the first portion of air 62 is routed through thghss airflow passage 56 before it is
exhausted from a fan nozzle exhaust section 7Beofurbofan 10, also providing
propulsive thrust. The HP turbine 28, the LP tueb80, and the jet exhaust nozzle
section 32 at least partially define a hot gas @8&tfor routing the combustion gases
66 through the core turbine engine 16.

[0036] It will be appreciated that, although describechwéspect to turbofan 10
having core turbine engine 16, the present subjatter may be applicable to other
types of turbomachinery. For example, the presebject matter may be suitable for
use with or in turboprops, turboshatfts, turbojetdustrial and marine gas turbine

engines, and/or auxiliary power units.



[0037] In some embodiments, components of turbofan 1dedonrmed of a
composite material. For example, components witloingas path 78, such as
components of combustion section 26, HP turbinea@8/or LP turbine 30, can be
formed of a Ceramic Matrix Composite (CMC) matenehich is a non-metallic
material having high temperature capability. Fmtance, turbine blades and turbine
nozzles can be formed of CMC materials. Other cmmepts of turbine engine 10
also may be formed from CMC materials or otheradl@ composite materials, such
as e.g., a Polymer Matrix Composite (PMC) material.

[0038] Exemplary matrix materials for such CMC componeais include silicon
carbide, silicon, silica, alumina, or combinatidhsreof. Ceramic fibers can be
embedded within the matrix, such as oxidation stadinforcing fibers including
monofilaments like sapphire and silicon carbidg.(elextron’s SCS-6), as well as
rovings and yarn including silicon carbide (e.gppon Carbon’s NICALON®, Ube
Industries’ TYRANNO®, and Dow Corning’s SYLRAMIC®glumina silicates (e.g.,
Nextel's 440 and 480), and chopped whiskers aretdife.g., Nextel's 440 and
SAFFIL®), and optionally ceramic particles (e.gxides of Si, Al, Zr, Y, and
combinations thereof) and inorganic fillers (epyrophyllite, wollastonite, mica, talc,
kyanite, and montmorillonite). CMC materials mayvh coefficients of thermal
expansion in the range of about 1.3%1i@/in/°F to about 3.5x108 in/in/°F in a
temperature range of approximately 1000-1200° F.

[0039] FIG. 2 provides a perspective view of a turbineai®@zsegment 80
according to an exemplary embodiment of the pres@ject matter. For this
embodiment, the turbine nozzle segment 80 is foraiedCMC material, such as one
or more of the CMC materials noted above. Theiterbozzle segment 80 is one of
a number of nozzle segments that when connectethegform an annular nozzle
assembly of a gas turbine engine, such as e.guyihefan 10 of FIG. 1. The nozzle
segment 80 includes vanes 82, such as e.g., states 68 of the turbofan 10 of FIG.
1. Each vane 82 or airfoil extends between anr@utd inner band 84, 86. The vanes
82 define a plurality of cooling holes 88. Coolingies 88 provide film cooling to
improve the thermal capability of the vanes 82 e tholing holes 88 can be fluidly

connected to one or more fluid passageways thahdxhternally through the vanes



82. Furthermore, as will be explained more fukydw, one or more portions of the
turbine nozzle segment 80 can be subjected to @a&cton process.

[0040] FIG. 3 provides a schematic cross-sectional vieaw cdmpaction system
100 in the process of compacting a laminate 200rdang to one example
embodiment of the present subject matter. Therlatei200 can form a portion of a
composite component, such as the turbine nozzlaesay80 of FIG. 2. It will be
appreciated that the compaction system 100 camsdx to compact laminates of other
components as well.

[0041] For the depicted embodiment of FIG. 3, the lami28@ has a first section
210 and a second section 212. The first secti@nrdudes one or more plies 214
and the second section 212 includes one or mags Rli6. Generally, the first
section 210 extends lengthwise along a first dinedD1, e.g., a radial direction. At
least a portion of the second section 212 extesrugthwise along the first direction
D1 and at least a portion of the second sectionexiénds lengthwise along a second
direction D2, e.g., a circumferential directioncodrdingly, the second section 212 of
the laminate 200 transitions from extending lengsevalong the first direction D1 to
extending lengthwise along the second direction DRe second direction D2 can be
substantially orthogonal to the first direction D1.

[0042] The second section 212 transitions from extenddngthwise along the
first direction D1 to the second direction D2 gbiat interface 218 of the laminate
200. As one example, the joint interface 218 efldminate may correspond with the
joint interface between one of the vanes 82 anather band 84 of the turbine nozzle
segment 80 of FIG. 2. For instance, the portiothefsecond section 212 that extends
lengthwise along the second direction D2 may fdmenduter band 84 or a portion
thereof. The first section 210 and the portiothef second section 212 that extends
lengthwise along the first direction D1 may formeasf the vanes 82 or a portion
thereof. As another example, the joint interfat8 @f the laminate may correspond
with the joint interface between one of the van2s@d the inner band 86 of the
turbine nozzle segment 80 of FIG. 2.

[0043] The laminate 200 defines a cavity 220. For thipadiment, the cavity

220 is defined between the first section 210 aedsttond section 212 where the
second section 212 transitions from extending lenige along the first direction D1



to extending lengthwise along the second diredb@nor stated another way, at the
joint interface 218. In this regard, the lamin2@® defines the cavity 220 at a
location where the first section 210 and the ses@uation 212 diverge. The cavity
220 has a triangular cross section in this examplbodiment, but it will be
appreciated that the cavity 220 may be definedatelother suitable cross-sectional
shapes. A noodle 230 can be positioned in oriveléd the cavity 220 and
compacted therein by the compaction system 100Iakendescribed herein. The
noodle 230 can be formed of a composite matetah as a CMC material. The
noodle 230 can be formed of other suitable mateaalwell. The noodle 230 can be
formed as a single part or can be formed as separatistinct parts. Generally, the
noodle 230 is positioned within the cavity 220itbthe void, which provides
improved mechanical properties to the finished congmt, among other benefits. In
some embodiments, a slurry composition, e.g., aixya@aterial, can be inserted into
the cavity 220 prior to the noodle 230 being conbpdinto the cavity 220. This may
facilitate a more complete filling of the cavity@2vhich may lead to improved
mechanical properties of the finished component.

[0044]  As further shown in FIG. 3, the compaction systél@ ihcludes a tool
holder 110 that holds or supports a tool 112. fBloé112 is contoured
complementary to the shape of the laminate 200aithe laminate 200 can be
properly positioned in place for compaction. Apideed, the laminate 200 can be
positioned relative to or placed over the tool 1¥2hen the laminate 200 is
positioned in place on the tool 112, a noodle i@ is positioned relative to the
noodle 230. Particularly, the noodle ring 120la&cpd over at least a portion of the
noodle 230. The noodle ring 120 can be formedsasgie part or can be formed as
separate or distinct sections. Thus, in some eim@rds, the noodle ring 120 is
formed of a single, unitary component. In othebediments, the noodle ring 120 is
formed of at least two sections.

[0045] In some embodiments, the noodle ring 120 providesesmeans for an
operator to look through the noodle ring 120. his tvay, when an operator is placing
the noodle ring 120 in position relative to the diea230, the operator can look
through the noodle 230 and can visibly see a padotguportion 222 of the first
section 210. The protruding portion 222 is thetiparof the first section 210 that
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protrudes above the second section 212 and no8@lalang the first direction D1 as
illustrated in FIG. 3. As shown, when the nooditgr120 is in place, the protruding
portion 222 of the first section 210 of the lam&a00 overlaps with the noodle ring
120 along the first direction D1. With the protigl portion 222 of the first section
210 located, the operator can make sure not tacbtiie protruding portion 222 with
the noodle ring 120 and can position the noodig 120 relative to the noodle 230 as
shown in FIG. 3. If contacted, the plies 214 fargthe protruding portion 222 of the
first section 210 can become damaged, e.g., dedimimcan occur.

[0046] In some embodiments, the noodle ring 120 can definellow interior

122, e.g., as shown in FIG. 3. The hollow intedi@a2 allows an operator to look
through the noodle ring 120 to ensure the protmigiortion 222 of the first section
210 is not contacted when the noodle ring 120 stjpmed in place. In other
embodiments, the noodle ring 120 or a portion thlecan be formed of a transparent
material. For instance, in some embodiments, tloelle ring 120 can include a look-
through window. In other embodiments, the entoedie ring 120 can be formed of
a transparent material.

[0047] The noodle ring 120 can be shaped complementahetaoodle 230.
Particularly, the noodle ring 120 can have a csession shaped complementary to a
cross section of the noodle 230. Stated anothgr araoutline of the noodle ring 120
can be shaped complementary to an outline of tbela@®30. In this way, when a
force is applied to the noodle ring 120 during cawctjon, the noodle ring 120 can
apply a force on the entire noodle 230 during castipa.

[0048] FIG. 4 provides a perspective view of an examplediering 120
positioned relative to a noodle (the noodle issia@wn in FIG. 4). In FIG. 4, a
plunger of the compaction system 100 is shown prarent for illustrative purposes.
As depicted, the noodle ring 120 has a cross seshaped like an airfoil or vane,
such as a vane 82 of the turbine nozzle segmeot B5. 2. The cross-sectional
shape of the noodle ring 120 can match or be camgaéary to the cross-sectional
shape of the noodle, which is positioned belownibedle ring 120 and not visible in
FIG. 4.

[0049] FIG. 5 provides a perspective view of another eXampodle ring 120
positioned relative to a noodle (the noodle isst@wn in FIG. 5). For this
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embodiment, the noodle ring 120 has a main body I2% main body 124 has a
cross section shaped complementary to a croseseaiftihe noodle, which is
positioned below the noodle ring 120 and not vesinlFIG. 5. Moreover, for this
embodiment, the noodle ring 120 has a first stahdi member 126 extending
outward from the main body 124. The first stalnigmember 126 couples the
noodle ring 120 to at least one of a band debytk(nat shown in FIG. 5) and the tool
112. The noodle ring 120 also has a second saiglmember 128 extending
outward from the main body 124. The second stabdimember 128 couples the
noodle ring 120 to at least one of a band debytk(nat shown in FIG. 5) and the tool
112. The first stabilizing member 126 and the sdcgiabilizing member 128 extend
outward from the main body 124 in opposite diratsirom one another. However,
in other embodiments, the first stabilizing memb28 and the second stabilizing
member 128 need not extend in opposite directitra bne another.

[0050] The first stabilizing member 126 defines one orengpenings 127 that
are sized to receive fasteners, such as threadisd Gdwreaded bolts can extend
through the first stabilizing member 126 and inboresponding threaded openings
defined by the tool 112, for example. Similarlye tsecond stabilizing member 128
defines one or more openings 129 that are sizeecwve fasteners, such as threaded
bolts. Threaded bolts can extend through the skstabilizing member 128 and into
corresponding threaded openings defined by theltb®] for example. Such bolts or
other fasteners can be used to secure the noodld 20 to the tool 112, which may
ensure that the noodle ring 120 remains in placemgeompaction. In this manner,
the noodle ring 120 can be coupled to the tool 11&ing the first and second
stabilizing members 126, 128 to secure the maity i@d of the noodle ring 120 on
opposing sides thereof can provide enhanced gtatalihe noodle ring 120 during
compaction.

[0051] Returning to FIG. 3, with the noodle ring 120 piosied in place relative

to the noodle 230, optionally, a band debulk cap ds&h be moved in place to secure
the noodle ring 120 in place relative to the no&86 as shown in FIG. 3. A latch
system 140 can be used to secure the band delulk3€an place. For this
embodiment, the latch system 140 includes latamgtal42 that connect with the
tool holder 110. Each latch clamp 142 is movalgievieen a clamped position and an
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unclamped position. In the clamped position, a&gilatch clamp 142 secures the
band debulk cap 130 in place. In the unclampediposa given latch clamp 142
does not secure the band debulk cap 130 in pliacaddition to securing the noodle
ring 120 relative to the noodle 230, the band debap 130 may also secure the
laminate 200 in place relative to the tool 112.

[0052]  Further, optionally, a film or protective sheet X3h be positioned
between the noodle 230 and the noodle ring 120, a&ang the first direction D1.
This may allow for the noodle ring 120 to be rentwaore easily after compaction
and can prevent foreign objects on the noodle 2@ which may be reusable, from
being transferred to the noodle 230. In addittbe,protective sheet 132 can extend
such that it is positioned between the band detak130 and the second section 212
of the laminate 200 that extends lengthwise altvegsecond direction D2. The
protective sheet 132 can prevent the plies 216 fiemg damaged by the band
debulk cap 130 during compaction. The protecthees 132 can be formed of any
suitable material. As one example, the protectheet 132 can be formed of a
Room-Temperature Vulcanizing (RTV) rubber material.

[0053] The compaction system 100 also includes a plung@r For this
embodiment, the plunger 150 and the band debulkd 88man be formed as separate
components as shown in FIG. 3. In alternative edithents, the plunger 150 and the
band debulk cap 130 can be formed as a single coempo Notably, the plunger 150
is movable, e.g., along the first direction D1. wil be explained in detail herein, the
plunger 150 can be moved such that the plungeapples a force F1 on the noodle
ring 120 so that the noodle ring 120 in turn contpéte noodle 230 into the cavity
220. Moreover, when the plunger 150 is moved, dgyvnward along the first
direction D1 toward the laminate 200, the applieté F1 also compacts the laminate
200 generally. For instance, the plunger 150 gguhyaa force on the band debulk cap
130 and the band debulk cap 130 can in turn contpagtortion of the second
section 212 that extends lengthwise along the skdoaction D2. The plunger 150
can be moved by any suitable mechanism, devicgystem. Various examples are
provided below.

[0054] For the depicted embodiment of FIG. 3, the plurig#r can be moved
along the first direction D1 to compact the lam@é200 by torqueing or tightening
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one or more fasteners. For instance, as showmmomere bolts 160 can be tightened
or loosened to control the position of the plunte® along the first direction D1
(e.g., a vertical direction). For example, to mtwe plunger 150 toward the laminate
200 along the first direction D1, the bolts 160 bartightened. Conversely, to move
the plunger 150 away from the laminate 200 aloedfitist direction D1, e.g., after
compaction, the bolts 160 can be loosened. The 6D can be inserted through
holes defined by the plunger 150 and into blincekalefined by the band debulk cap
130. The plunger 150 and/or the band debulk c&pca8 include threading so that
threads of the bolts 160 can threadingly engageltireger 150 and/or the band
debulk cap 130. In other embodiments, it will ppr@ciated that the bolts 160 can
engage other structures in addition or alternatit@the plunger 150 and/or the band
debulk cap 130. For instance, the bolts 160, arerbeoadly fasteners, can engage
the tool 112 and/or the tool holder 110.

[0055] In some embodiments, the compaction system 10Qdesla single bolt

for controlling the position of the plunger 150 ahds the applied force on the
laminate 200. In other embodiments, the compaaystem 100 includes multiple
bolts for controlling the position of the plungésQland thus the applied force on the
laminate 200. In such embodiments, the bolts eastfategically positioned so that
the applied force F1 is more evenly distributethilaminate 200 and/or noodle 230.
For instance, in some embodiments, bolts can biéigoed on opposite sides of the
noodle ring 120, e.g., as shown in FIG. 3. It wio be appreciated that different
bolts can be tightened to different degrees sorttuae or less force is applied to a
specific portion of the laminate 200. In this wtye force applied on different
portions of the laminate 200 can be controlled.

[0056] FIG. 6 provides a schematic cross-sectional vieanotther example
compaction system 100 in the process of compaetiagninate 200 according to one
example embodiment of the present subject maftke compaction system 100 of
FIG. 6 is configured in a similar manner as the paation system 100 of FIG. 3
except as provided below. For this embodimentptel debulk cap 130 defines
spring chambers 162 in which springs 164 are mostl. The springs 164 are at least
partially received within the spring chambers 168 axtend lengthwise along the
first direction D1 to engage the plunger 150.
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[0057] When a press or other mechanical system appliesca,fas represented
by the arrow P1 in FIG. 6, the plunger 150 is mowedard the laminate 200 along
the first direction D1. When this occurs, the 8gs 164 are compressed by the
plunger 150. The plunger 150 eventually engagesitiodle ring 120 and the band
debulk cap 130 to compact the noodle 230 into vty 220 and the laminate 200
generally. When the force applied by the presstioer mechanical system is reduced
or no longer applied to the plunger 150, the sib@4 bias the plunger 150 upward
or away from the laminate 200 along the first diecD1. Although two springs 164
are shown in FIG. 6, it will be appreciated tha dompaction system 100 of FIG. 6
can include more or less than two springs in somieogliments. The press or
mechanical system that moves the plunger 150 camysuitable system, such as a
jackscrew or other suitable press machine.

[0058] FIG. 7 provides a schematic cross-sectional vieyebfanother example
compaction system 100 in the process of compaaetiagninate 200 according to an
example embodiment of the present subject maftee compaction system 100 of
FIG. 7 is configured in a similar manner as the paation system 100 of FIG. 3
except as provided below.

[0059]  For this embodiment, the compaction system 10Quded a press system
170. The press system 170 includes a bridge Ivgvably coupled with or fixed to
the tool 112. The bridge 172 can be fixed to o#fterctures as well. The press
system 170 also includes a leadscrew 174 thateadimgly engaged with a cross bar
of the bridge 172 as shown in FIG. 7. The leadgdr@&4 can be rotated so that a
press 176 of the leadscrew 174 engages the pld®@erIn this way, the plunger 150
can be moved toward the laminate 200 along thedirsction D1. The plunger 150
can engage the noodle ring 120 and apply a fordbeérgto. The force F1 applied to
the noodle ring 120 by the plunger 150 causes doele ring 120 to drive or compact
the noodle 230 into the cavity 220 defined by #raihate 200. The leadscrew 174
can be driven or torqued manually by an operatan automated manner by a torque
system, such as an electric motor. The leadsci@ncdn be rotated in the opposite
direction to move the press 176 away from the pduridp0 after a compaction cycle

or when compaction is complete.
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[0060] FIG. 8 provides a schematic cross-sectional view foirther compaction
system 100 in the process of compacting a lami2@@eaccording to an example
embodiment of the present subject matter. The ectign system 100 of FIG. 8 is
configured in a similar manner as the compactiatesy 100 of FIG. 3 except as
provided below.

[0061] For this embodiment, the compaction system 10Quded a press system
170 having a mandrel 178 and a bolt 179 threadiregigived within the mandrel
178. As depicted, the mandrel 178 is receivediwigim opening defined by the
plunger 150. The bolt 179 can be a cap screw toolexample. The bolt 179 can be
rotated within the mandrel 178 so that the plurider is moved toward the laminate
200 along the first direction D1. The plunger @M engage the noodle ring 120 and
apply a force F1 thereto. The force F1 appliethéonoodle ring 120 by the plunger
150 causes the noodle ring 120 to drive or comipechoodle 230 into the cavity 220
defined by the laminate 200. The bolt 179 canreed or torqued manually by an
operator or in automated manner by a torque sysaahn as an electric motor. The
bolt 179 can be rotated in the opposite directooretiuce the force F1 that the
plunger 150 applies to the noodle ring 120, efter @a compaction cycle or when
compaction is complete.

[0062] FIG. 9 provides a schematic cross-sectional view fofrther example
compaction system 100 in the process of compaetiagninate 200 according to an
example embodiment of the present subject mafiee compaction system 100 of
FIG. 9 is configured in a similar manner as the paation system 100 of FIG. 3
except as provided below.

[0063]  For this embodiment, the compaction system 10Qded a piston system
180 for compacting the laminate 200. As shown pikton system 180 includes a
piston housing 182 defining a piston chamber 1Bde piston housing 182 can form
a part of a bridge, such as the bridge 172 of FIGA piston 186 is received within
the piston chamber 184 of the piston housing 1&ismovable, e.g., along the first
direction D1. A piston rod 188 is coupled with tiiston 186. The piston rod 188
extends between a first end and a second endakgg the first direction D1. The
first end of the piston rod 188 is coupled with gigton 186. The piston rod 188 is
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coupled with the plunger 150 at its second endcofaingly, when the piston 186 is
moved within the piston chamber 184, the plungé€ri$3ikewise moved.

[0064] The piston 186 is hydraulically controlled in tlieisample embodiment. It
will be appreciated that the piston 186 can berotletl in other suitable manners as
well. As depicted, the piston housing 182 defiadisst inlet 181 and a first drain 183
that provide an ingress and an egress for workind YWF to flow into and out of a
first side S1 of the piston chamber 184. The pistousing 182 also defines a second
inlet 185 and a second drain 187 that provide gress and an egress for working
fluid WF to flow into and out of a second side S2he piston chamber 184. The first
and second sides S1, S2 of the piston chamberré8tually separated by the piston
186. The piston system 180 includes a controlesaB0 for controlling the flow of
working fluid WF to the piston chamber 184. Fastbxample embodiment, the
control valve is a three-way valve.

[0065] A controller 192 communicatively coupled with thentrol valve 190 can
control the control valve 190 to selectively allawrking fluid WF to flow from a

fluid source 194 to the first side S1 of the pistblmamber 184 and to prevent working
fluid WF from flowing to the second side S2 of fhiston chamber 184. The
controller 192 can include one or more processodsoge or more memory devices.
The one or more memory devices can include a rasitiory computer readable
storage medium, for example. The one or more mghevices can store
information accessible by the one or more procsssocluding computer-readable
instructions that can be executed by the one oermuarcessors. The instructions can
be any set of instructions that, when executedhbyohe or more processors, cause
the one or more processors to perform operatiac$, a&s controlling the control
valve 190. The controller 192 can be configuredhasvn in FIG. 12 and described
in the accompanying text.

[0066] By supplying working fluid WF to the first side $1the piston chamber
184 and preventing working fluid from flowing toetlsecond side S2, the piston 186
can be moved downward toward the laminate 200 aloadjrst direction D1. The
controller 192 can also control the control val@® 1o selectively allow working

fluid WF to flow from the fluid source 194 to thec®nd side S2 of the piston
chamber 184 and to prevent working fluid WF froowfing to the first side S1 of the
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piston chamber 184. By supplying working fluid WiRthe second side S2 of the
piston chamber 184 and preventing working fluidhiribowing to the first side S1,
the piston 186 can be moved upward away from tménlate 200 along the first
direction D1.

[0067] A sensor 196 (e.g., a pressure sensor) can begmesitwithin or attached
to the noodle ring 120. The sensor 196 can be agmuatively coupled with the
controller 192 and can provide feedback signalgatohg the applied pressure placed
on the noodle ring 120 by the plunger 150. Therotler 192 can control the control
valve 190, and thus the flow of working fluid WFttee piston chamber 184, based at
least in part on the received feedback signals.

[0068] FIG. 10 provides a flow diagram of a method (400yampacting a
laminate according to an exemplary embodiment @fpilesent subject matter. Any
of the example compaction systems provided heiirbe used to compact a
laminate using method (400). Other compactionesystcan be used to compact a
laminate using method (400) as well.

[0069] At (402), the method (400) includes positioningainate on a tool of a
compaction system. The laminate positioned oridbkecan formed of one or more
plies. The laminate can be positioned on thelgdaying up the plies of the
laminate directly on the tool or the laminate caridad up elsewhere and
subsequently positioned on the tool. Further]Jdh@nate can define a cavity. In
some instances, the laminate is laid up in suchythat the laminate defines a
cavity. For instance, FIG. 3 depicts an exampi@rate 200 positioned on the tool
112 of the compaction system 100. As illustratkd,laminate 200 defines cavity
220. The cavity 220 is defined between the fiestisn 210 and the second section
212 of the laminate 200 at the joint interface 218.

[0070] At (404), the method (400) optionally includes shgghe cavity of the
laminate to a desired shape. For instance, shdpegavity of the laminate to the
desired shape can include pressing a shapingrttwthe cavity of the laminate to
shape the cavity. The shaping tool can be mouwotéte plunger of the compaction
system, for example.

[0071] By way of example, FIG. 11 provides a schematissigectional view of
a compaction system 100 in the process of shapoayity 220 of a laminate 200 to a
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desired shape. As depicted, a shaping tool 16®imted to the plunger 150. For
instance, the plunger 150 can include a chuckhblals the shaping tool 152. The
shaping tool 152 includes a shaping end 154 treltaped complementary to the
desired shape of the cavity 220. To achieve tseekkgeometry of the cavity 220,
the plunger 150 with the shaping tool 152 mounkeddto can be moved toward the
laminate 200 along the first direction D1. Thergar 150 can be moved along the
first direction D1 in any suitable manner, e.g. tigirtening bolts 160 as shown in
FIG. 11. The plunger 150 can move the shapingl®&ddof the shaping tool 152 into
the cavity 220. In this way, the shaping end 15thefshaping tool 152 can shape the
cavity 220 by pressing on the laminate 200. Fstaince, in FIG. 11, the shaping end
154 can press on the first section 210 and thenskesection 212 to form the cavity
220 to the desired geometry so that a noodle canosidioned therein.

[0072] In some implementations, optionally, the methodj4tan include
inserting a slurry into the cavity prior to the b®being compacted into the cavity.
The slurry can be composed of a matrix materiahss a ceramic matrix material.
The inserted slurry composition may facilitate aencomplete filling of the cavity,
which may lead to improved mechanical propertietheffinished component.

[0073] At (406), the method (400) includes positioningoadie relative to or in
the cavity. The noodle is positioned relativ@ton the cavity so that the noodle is
received within the cavity during the compactiongass. In some implementations,
the noodle is positioned such that at least aqouf the noodle is positioned within
the cavity. For instance, as shown in FIG. 3, ti®@80 is shown positioned in the
cavity 220 of the laminate 200. The noodle cafobmed of any suitable material,
such as a CMC material. The noodle can be posiionanually by an operator or
automatically, e.g., by a piston-controlled noadkertion tool. For instance, a
noodle insertion tool can be mounted to the plurddgér of the compaction system
100 of FIG. 9. For instance, a chuck of the plurig® can hold the noodle insertion
tool. The noodle can be mounted to the noodletimsetool. The plunger 150 can
be controlled to move toward the laminate 200 alitvegfirst direction D1 by the
controller 192. The noodle insertion tool can posithe noodle 230 relative to the

cavity 220.
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[0074] At (408), the method (400) includes positioningoadie ring relative to
the noodle. For instance, in some implementatithressnoodle ring can be positioned
directly on the noodle. In other implementaticeasheet or film can be placed
between the noodle ring and the noodle. For exanppbtective sheet 132 is shown
positioned between the noodle ring 120 and the lea2@D, e.g., along the first
direction D1. In some implementations, the nooitig is formed as a single
component. In other implementations, the noodig 1$ formed of at least two
sections.

[0075] In some implementations, with the noodle ring 1@6ifioned in place,
optionally, a band debulk cap can be secured icegdy a latch system to retain the
noodle ring 120 in place during compaction, e.g.staown in FIG. 3. In other
implementations, the noodle ring 120 can includesan body and one or more
stabilizing members extending outward from the nieidy, e.g., as shown in FIG. 5.
The stabilizing members can be mounted to theupoh which the laminate is
positioned, for example. In some implementatiding,main body includes at least
one pair of stabilizing members that extend in geadirections from the main body.
The main body can have an outline or cross sestiaped complementary to the
noodle. The noodle ring can be coupled with tloé ¥aa one or more fasteners
extending through openings in the stabilizing memlaed corresponding openings in
the tool, e.g., as shown in FIG. 5.

[0076] The noodle ring can be positioned manually by asrator. In some
implementations, the noodle ring defines a holloterior, includes a look-through
window, and/or is transparent in whole or in p&tich features may allow an
operator to see the laminate while positioningrtbedle ring relative to the noodle.
This can prevent damage to the laminate. Furthexnmo some implementations, the
noodle ring can be positioned automatically, dog.a piston-controlled plunger with
a noodle ring positioning tool mounted thereto.e Hloodle ring can be mounted to
the noodle ring positioning tool and can be relddsethe tool when the noodle ring
is positioned relative to the noodle.

[0077] In some further implementations, as noted, the lgodg can be formed
in sections. In such implementations, the sectadriee noodle ring can be moved
into place or positioned relative to the noodleabyautomated system at a non-
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vertical angle, e.g., at a forty-five degree anglative to the first direction D1. For
instance, an automated system 155 is shown in FIGThe automated system 155
can include one or more robotic arms 156 or othealsle devices. In this example
embodiment, the robotic arms 156 can move a fastien SC1 and a second section
SC2 of the noodle ring 120 in place. The first aadond sections SC1, SC2 can
form respective halves of the noodle ring 120. fdimtic arms 156 can be
controlled by a controller 192, for example. Tloatoller 192 can be configured as
shown in FIG. 12 and described in the accompanygrty Positioning the sections
SC1, SC2 of the noodle ring 120 at a non-vertioglarelative to the first direction
D1 can prevent the noodle ring from crushing oeotlise damaging the protruding
portion 222 of the laminate 200. In some impleraganhs, the sections SC1, SC2 of
the noodle ring 120 are positioned or moved towhedaminate 200 by at least a
fifteen degree offset relative to the first directiD1 and at least a fifteen degree
offset relative to the second direction D2.

[0078] At (410), the method (400) includes moving a plurtgeapply a force on
the noodle ring so that the noodle ring compaaaittodle into the cavity. For
instance, a plunger of the compaction system candyed toward the laminate. The
plunger can be moved by any suitable system, méxhaor device. For instance, in
some implementations, the plunger 150 can be mbyeihtening one or more bolts
160 as shown in FIG. 3. In some implementatidms plunger 150 can be moved by
a press system 170 as shown in FIG. 7. In somkimgntations, the plunger 150
can be moved by a piston system 180 as shown in&I@& some implementations,
the plunger 150 can be moved by other suitable arechl systems, e.g., as
represented in FIG. 6. For instance, the plun§@rchn be a plate movable by a
jackscrew or an arbor press.

[0079] As shown in FIG. 3, the plunger 150 can be movedtd the laminate
200 along the first direction D1 and can engagentiale ring 120. With the noodle
ring 120 engaged, the plunger 150 applies a fotcerRhe noodle ring 120. The
noodle ring 120 in turn applies a force on the grtive sheet 132, which in turn
applies a force on the noodle 230. The force emttodle 230 compacts the noodle
230 into the cavity 220. In view of these appliectes, the noodle 230 can be
satisfactorily compacted into the cavity 220. Phenger 150 can also engage the
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band debulk cap 130, which in turn can apply adanc the protective sheet 132,
which in turn can apply a force on the portionls second section 212 that extends
lengthwise along the second direction D2.

[0080]  After compacting the laminate 200 and the nood[@ig® the cavity 220
of the laminate 200, the plunger 150 can be mowad/drom the laminate 200 along
the first direction D1. The laminate can be rentbirem the tool 112 and the
compaction process can be repeated with subselzmeinates.

[0081] FIG. 12 provides a block diagram of an example astimg system 500
that can be used to implement methods and systestsilded herein according to
example embodiments of the present subject. Thguabng system 500 is one
example of a suitable computing system for impletimgrthe computing elements
described herein.

[0082] As shown in FIG. 12, the computing system 500 catude one more
computing device(s) 502. The controllers describexdin can be embodied as one of
the computing device(s) 502. The one or more camg@ulevice(s) 502 can include
one or more processor(s) 504 and one or more medemige(s) 506. The one or
more processor(s) 504 can include any suitableggsicg device, such as a
microprocessor, microcontroller, integrated circlagic device, or other suitable
processing device. The one or more memory deyi&&@ can include one or more
computer-readable medium, including, but not lichite, non-transitory computer-
readable medium or media, RAM, ROM, hard drivessHldrives, and other memory
devices, such as one or more buffer devices.

[0083] The one or more memory device(s) 506 can storenrdton accessible
by the one or more processor(s) 504, including agerpreadable instructions 508
that can be executed by the one or more proce}(&4s The instructions 508 can
be any set of instructions that, when executedhbyohe or more processor(s) 504,
cause the one or more processor(s) 504 to perfparabons. The instructions 508
can be software written in any suitable programntémguage or can be implemented
in hardware. The instructions 508 can be any efcthmputer-readable instructions
noted herein.

[0084] The memory device(s) 506 can further store datathdfOcan be accessed
by the processor(s) 504. For example, the datac&tlnclude one or more table(s),
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function(s), algorithm(s), model(s), equation($¢, @ccording to example
embodiments of the present disclosure.

[0085] The one or more computing device(s) 502 can aldadie a
communication interface 512 used to communicategXxample, with other
components of the compaction system 100 or otretesys or devices. The
communication interface 512 can include any sugt@bimponents for interfacing
with one or more network(s), including for exampgtansmitters, receivers, ports,
controllers, antennas, or other suitable components

[0086]  Although the figures and the accompanying textldgeexemplary
systems and methods for compacting composite coemgensuch as CMC and PMC
components, the systems and methods disclosedhlaeeapplicable to compacting
other types of components as well.

[0087]  This written description uses examples to disctbednvention, including
the best mode, and also to enable any persondskillide art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ohtteation is defined by the claims
and may include other examples that occur to tekslked in the art. Such other
examples are intended to be within the scope ofldiens if they include structural
elements that do not differ from the literal langeaf the claims or if they include
equivalent structural elements with insubstantifiécences from the literal language
of the claims.

[0088]  Further aspects of the invention are provided lysthbject matter of the
following clauses:

[0089] 1. A method, comprising: positioning a laminataried of plies on a tool
of a compaction system, the laminate defining atgapositioning a noodle relative
to or in the cavity; positioning a noodle ring tela to the noodle; and moving a
plunger to apply a force on the noodle ring so thathoodle ring compacts the
noodle into the cavity.

[0090] 2. The method of any preceding clause, further ctimg: pressing a
shaping tool mounted to the plunger into the cawitihe laminate to shape the

cavity.
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[0091] 3. The method of any preceding clause, whereitatiménate has a first
section and a second section, wherein the firsiseextends lengthwise along a first
direction and at least a portion of the second@eextends lengthwise along the first
direction and at least a portion of the second@eextends lengthwise along a
second direction that is substantially orthogondhe first direction, and wherein the
cavity is defined between the first section andsieond section where the second
section transitions from extending lengthwise altrgfirst direction to extending
lengthwise along the second direction.

[0092] 4. The method of any preceding clause, whereimdioglle ring defines a
hollow interior.

[0093] 5. The method of any preceding clause, whereimtioglle ring has a
look-through window.

[0094] 6. The method of any preceding clause, whereimdinglle ring is at least
in part transparent.

[0095] 7. The method of any preceding clause, further ¢ctmg: positioning a
protective sheet between the noodle and the noodje

[0096] 8. The method of any preceding clause, whereimtioelle ring has a
cross section shaped complementary to a croseseftthe noodle.

[0097] 9. The method of any preceding clause, further ¢mimg: inserting a
slurry into the cavity prior to the noodle beingrgmacted into the cavity.

[0098] 10. The method of any preceding clause, whereimdloglle ring has a
main body and a first stabilizing member extendingvard from the main body and
coupling the noodle ring to at least one of a ba@loulk cap and the tool, the main
body having a cross section shaped complementarytoss section of the noodle.
[0099] 11. The method of any preceding clause, whereimdloglle ring has a
second stabilizing member extending outward froenrttain body and coupling the
noodle ring to at least one of the band debulkasapthe tool.

[00100] 12. The method of any preceding clause, whereiffirtstestabilizing
member and the second stabilizing member extendandtfrom the main body in
opposite directions.

[00101] 13. The method of any preceding clause, whereimdioglle ring is formed
of at least two sections.
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[00102] 14. The method of any preceding clause, whereimtheast two sections
of the noodle ring are positioned by an automaystes relative to the noodle at a
non-vertical angle.

[00103] 15. The method of any preceding clause, whereiplineger is moved by
a press system, the press system having a bridggecbwith the tool and a
leadscrew threadingly engaged with the bridgeldehdscrew having a press that
engages the plunger.

[00104] 16. The method of any preceding clause, whereimplilreger is moved by
a piston system, the piston system having a pistarsing defining a piston chamber
and a piston movable within the piston chamberpik®n being coupled with the
plunger via a piston rod, and wherein when theopis$ moved within the piston
chamber, the plunger is moved in unison with trstopi.

[00105] 17. A method, comprising: positioning a laminateagiool of a
compaction system, the laminate having a firstige@nd a second section each
formed of one or more plies, the laminate defimngavity at a location where the
first section and the second section diverge; jpositg at least a portion of a noodle
in the cavity; positioning a noodle ring relativethe noodle, the noodle ring having a
cross section shaped complementary to a croseseiftthe noodle; and moving a
plunger to apply a force on the noodle ring so thatnoodle ring compacts the
noodle into the cavity.

[00106] 18. The method of any preceding clause, wheremotyaling portion of
the first section of the laminate overlaps with tloe@dle ring along a first direction.
[00107] 19. The method of any preceding clause, furthernrgeimg: positioning a
band debulk cap relative to the tool and the noadtg the band debulk cap defining
a spring chamber in which a spring is receivedsiireng being connected to the band
debulk cap and engaged with the plunger for biasgieglunger away from the
laminate.

[00108] 20. A method, comprising: positioning a laminateagiool of a
compaction system, the laminate defining a cayiogitioning at least a portion of a
noodle in the cavity; positioning a noodle ringatele to the noodle; coupling the
noodle ring to the tool; and applying a force oa tloodle ring so that the noodle is
compacted into the cavity.
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WHAT IS CLAIMED IS:
1. A method, comprising:

positioning a laminate formed of plies on a toohafompaction system, the
laminate defining a cavity;

positioning a noodle relative to or in the cavity;

positioning a noodle ring relative to the noodied a

moving a plunger to apply a force on the noodlg sa that the noodle ring
compacts the noodle into the cavity.

2. The method of claim 1, further comprising:
pressing a shaping tool mounted to the plungerthreacavity of the laminate
to shape the cavity.

3. The method of claim 1, wherein the laminatedésst section and a second
section, wherein the first section extends lengslevéilong a first direction and at least
a portion of the second section extends lengthalisieg the first direction and at least
a portion of the second section extends lengthalisieg a second direction that is
substantially orthogonal to the first directiondamherein the cavity is defined
between the first section and the second secti@raviie second section transitions
from extending lengthwise along the first directtorextending lengthwise along the

second direction.

4. The method of claim 1, wherein the noodle rie§rees a hollow interior.

5. The method of claim 1, wherein the noodle riag h look-through window.
6. The method of claim 1, wherein the noodle rmgtileast in part transparent.
7. The method of claim 1, further comprising:

positioning a protective sheet between the noaattktiae noodle ring.
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8. The method of claim 1, wherein the noodle riag & cross section shaped

complementary to a cross section of the noodle.

9. The method of claim 1, further comprising:
inserting a slurry into the cavity prior to the wnid®being compacted into the

cavity.

10. The method of claim 1, wherein the noodle hag a main body and a first
stabilizing member extending outward from the nmedy and coupling the noodle
ring to at least one of a band debulk cap anddbk the main body having a cross

section shaped complementary to a cross sectitireafoodle.

11.  The method of claim 10, wherein the noodle hiag a second stabilizing
member extending outward from the main body anglog the noodle ring to at

least one of the band debulk cap and the tool.

12.  The method of claim 11, wherein the first dtainig member and the second

stabilizing member extend outward from the mainybiodopposite directions.

13. The method of claim 1, wherein the noodle rfprmed of at least two

sections.

14.  The method of claim 13, wherein the at least$ections of the noodle ring
are positioned by an automated system relativeembodle at a non-vertical angle.

15.  The method of claim 1, wherein the plunger @&wed by a press system, the
press system having a bridge coupled with thedadla leadscrew threadingly
engaged with the bridge, the leadscrew having ssptfeat engages the plunger.

16.  The method of claim 1, wherein the plunger @&ved by a piston system, the

piston system having a piston housing definingséopi chamber and a piston
movable within the piston chamber, the piston beimgpled with the plunger via a
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piston rod, and wherein when the piston is movetiwithe piston chamber, the

plunger is moved in unison with the piston.

17. A method, comprising:

positioning a laminate on a tool of a compactiostey, the laminate having a
first section and a second section each formedhefav more plies, the laminate
defining a cavity at a location where the firsttetand the second section diverge;

positioning at least a portion of a noodle in theity;

positioning a noodle ring relative to the noodhe hoodle ring having a cross
section shaped complementary to a cross sectitreafoodle; and

moving a plunger to apply a force on the noodlg sa that the noodle ring
compacts the noodle into the cavity.

18.  The method of claim 17, wherein a protrudingipa of the first section of

the laminate overlaps with the noodle ring alorigsa direction.

19.  The method of claim 17, further comprising:

positioning a band debulk cap relative to the toal the noodle ring, the band
debulk cap defining a spring chamber in which angpis received, the spring being
connected to the band debulk cap and engaged lwatpltinger for biasing the

plunger away from the laminate.

20. A method, comprising:

positioning a laminate on a tool of a compactiostey, the laminate defining
a cavity;

positioning at least a portion of a noodle in theity;

positioning a noodle ring relative to the noodle;

coupling the noodle ring to the tool; and

applying a force on the noodle ring so that thedh®@s compacted into the

cavity.
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