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Description

[0001] The present disclosure relates generally to
composite manufacturing and, more particularly, to sys-
tems andmethods for cleaning a ceramicmatrix from the
surface of a compaction roller used for compacting cera-
mic matrix composite materials.
[0002] Currently, compaction of ceramic matrix com-
posite plies on layup tools is a manual operation per-
formed using hand pressure, sweeping, and vacuum
bagging techniques. This results in variable quality and
inconsistencies in the compaction. Thesemanual opera-
tions require skilled technicians, are time intensive, re-
quire inspection and rework, and lead to overall in-
creased life cycle time for compaction of the ceramic
matrix composite ply. Improvements in ceramic matrix
composite compaction utilize specialized compaction
rollers to compact the ceramic matrix composite plies.
However, remnants and other debris from the ceramic
matrix composite plies can remain on the surface of the
compaction roller after compaction, which should be
removed before a subsequent compacting operation.
Accordingly, those skilled in the art continue with re-
search and development efforts in ceramic matrix com-
posite manufacturing.
[0003] The abstract of US 2015/0022600 Al states: "A
treatment agent liquid application device for an inkjet
printer includes a supply pan including a liquid chamber
that stores treatment agent liquid; an application roller
that applies the treatment agent liquid ona recordsurface
of a recording medium; a squeeze roller that rotates to
drawupapart of the treatment agent liquid inwhich apart
of the squeeze roller is immersed in the supply pan and to
supply the treatment agent liquid to a pressure contact
part between theapplication roller and thesqueeze roller;
and a partition member arranged outside the squeeze
roller andalongacircumferential directionof the squeeze
roller in the supply pan, the partition member dividing the
liquid chamber in the supply pan into a liquid chamber on
a squeeze roller side and an external liquid chamber
outside the liquid chamber on the squeeze roller
side".The (translated) abstract of DE 20 2023 100032
U1 states: "Device for coating a web-shaped carrier
material (1) with a ceramic slurry (3), the device compris-
ing a continuously rotating micro-engraving roller (2)
which is designed to transfer a ceramic slurry (3) to the
web-shaped carrier material (1) transported in a feed
direction (11) via a circumference (21) of the micro-en-
graving roller (2), characterized in that the device has a
pressure chamber doctor blade (4) which is designed to
transfer the ceramic slurry (3) under excess pressure to
the circumference (21) of the micro-engraving roller (2)".
[0004] The (translated) abstract of DE 197 42 842 A1
states: "The invention relates to a cleaning device of
rollers, especially guide rollers in printing machines.
Based on the task of the invention to create such device
that requires less time required for the cleaning pro-
cesses and can be used universally, such device is

designed in such a way that the roller to be cleaned is
provided with rolling elements that are controllable and
moveable, in the forward and backward of the device in
the longitudinal direction of the roller to be cleaned, and
wherein the power transmission devices are arranged
between the drive motor and the brush roller as well as
between the drive motor and the rolling elements have
different transmission ratios. Through the automatic se-
quence of the cleaning processes and controlling the
speed of the brush roller, drive rollers and the automatic
movement of the rolling elements effecting the device, an
optimal cleaning process for the specific application can
be achieved".
[0005] Disclosed are examples of a method for clean-
ing a ceramic matrix from a compaction roller and a
system for compacting a ceramic composite material.
The following is a non-exhaustive list of examples, which
may or may not be claimed, of the subject matter accord-
ing to the present disclosure.
[0006] In an example, the disclosed method includes
steps of: (1) applying a cleaning fluid to a scrubbing roller;
(2) placing a compaction roller in contact with the scrub-
bing roller such that a compaction-roller axis of the com-
paction roller is oblique to a scrubbing-roller axis of the
scrubbing roller; (3) with the compaction roller in contact
with the scrubbing roller and the compaction-roller axis
oblique to the scrubbing-roller axis, rotating the scrub-
bing roller 106about the scrubbing-roller axis; (4) rotating
the compaction roller about the compaction-roller axis in
response to rotating of the scrubbing roller; (5) moving
the compaction roller in a scrubbing direction that is non-
parallel to the scrubbing-roller axis in response to rotating
the scrubbing roller; (6) transferring the cleaning fluid
from the scrubbing roller to the compaction roller while
rotating the scrubbing roller; and (7) transferring debris
from the compaction roller to the scrubbing roller while
rotating the scrubbing roller.
[0007] In another example, the disclosed method in-
cludes steps of: (1) applying a cleaning fluid to a compac-
tion roller; (2) scrubbing the compaction roller to remove
ceramic particles of the ceramic matrix from a compac-
tion-roller surface of the compaction roller; and (3) drying
the compaction roller to remove the cleaning fluid from
the compaction-roller surface. This aspect or example
may be combined with another of the described aspect-
s/examples ormay be provided as a separate aspect that
is independent from the other described aspects/exam-
ples.
[0008] In an example, the disclosed system includes a
scrubbing roller and a drying roller. The system is con-
figured to enable the scrubbing roller and the drying roller
to rotate. The scrubbing roller rotates about a scrubbing-
roller axis to apply a cleaning fluid to a compaction roller
and removedebris from the compaction roller. Thedrying
roller rotates about a drying-roller axis to remove the
cleaning fluid and the debris from the compaction roller.
With the compaction roller placed in contact with the
scrubbing roller and the scrubbing-roller axis oblique to
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a compaction-roller axis of the compaction roller, rotation
of the scrubbing roller about the scrubbing-roller axis
rotates the compaction roller about the compaction-roller
axis and moves the compaction roller in a scrubbing
direction that is non-parallel to the scrubbing-roller axis.
With the compaction roller placed in contact with the
drying roller and the drying-roller axis oblique to the
compaction-roller axis of the compaction roller, rotation
of the drying roller about the drying-roller axis rotates the
compaction roller about the compaction-roller axis and
moves the compaction roller in a drying direction that is
non-parallel to the drying-roller axis.
[0009] Other examples of the system and the method
will becomeapparent from the following detailed descrip-
tion, the accompanying drawings, and the appended
claims.

Fig. 1 is a flowdiagramof an example of amethod for
cleaning a ceramic matrix from a compaction roller;
Fig. 2 is a schematic block diagram of an example of
a system for cleaning a ceramic matrix from a com-
paction roller;
Fig. 3 is a schematic, elevational view, in partial
section, of an example of system for cleaning a
compaction roller;
Fig. 4 is a schematic, elevational view, in partial
section, of an example of the system;
Fig. 5 is a schematic, elevational view, in partial
section, of an example of the system; and
Fig. 6 is a schematic, perspective viewof anexample
of the system.
Fig. 7 is a flow diagram of an example of an aircraft
manufacturing and service method; and
Fig. 8 is a schematic block diagram of an example of
an aircraft.

[0010] Referring generally to Figs. 1‑6, by way of ex-
amples, the present disclosure is directed to a method
and a system for cleaning ceramic matrix of a ceramic
matrix composite from a compaction roller used during
ceramic matrix composite (CMC) manufacturing. While
examples of the method and system provide particular
advantages and benefits related to manufacturing cera-
micmatrix composite structures, themethod and system
can also be used to clean rollers used in manufacturing
other polymer and non-polymer composite structures.
[0011] Referring to Fig. 2, ceramic matrix composites
(CMCs) are a subgroup of composite materials and a
subgroup of ceramics. CMCs include ceramic fibers em-
bedded in a ceramicmatrix. Both the fibers and thematrix
can include any ceramic material, including carbon and
carbon fibers. In one ormore examples, a ceramicmatrix
composite (CMC) material 200 is a ceramic composite
and includes a ceramic reinforcement 204 and a ceramic
matrix 206.
[0012] In one or more examples, the ceramic reinfor-
cement 204 is pre-impregnated with the ceramic matrix
206. In such examples, a ply 202 of the ceramic matrix

compositematerial 200 can also be referred to as aCMC
prepreg.
[0013] In one or more examples, the ceramic reinfor-
cement204 includesat least oneof carbon reinforcement
fibers, silicon carbide reinforcement fibers, alumina re-
inforcement fibers, alumina silica reinforcement fibers,
aluminum nitride reinforcing fibers, silicon nitride reinfor-
cement fibers, mullite reinforcement fibers, silica/quartz
reinforcement fibers, basalt reinforcement fibers, and
zirconia reinforcement fibers. Other suitable reinforce-
ment materials are also contemplated for use as the
ceramic reinforcement 204.
[0014] In one or more examples, the ceramic matrix
206 includes at least one of a carbon matrix, a silicon
carbide matrix, an alumina matrix, an alumina silica
matrix, analuminumnitridematrix, a siliconnitridematrix,
a mullite matrix, a geo-polymer matrix, and a zirconia
matrix. Other suitable matrix materials are also contem-
plated for use as the ceramic matrix 206.
[0015] In one or more examples, the ceramic matrix
206 includes ceramic particles 208 dispersed in a sus-
pension media 210 (e.g., fluid or other vehicle). In one or
more examples, the ceramic matrix 206 is an aqueous
suspension (e.g., the suspension media 210 includes an
aqueous media). In one or more examples, the ceramic
matrix 206 is a non-aqueous suspension (e.g., the sus-
pension media 210 includes a non-aqueousmedia). The
ceramicmatrix 206 has various viscosities depending on
the suspension media 210 used. In one or more exam-
ples, the ceramic particles 208 include at least one of
carbon particles, silicon carbide particles, alumina parti-
cles, alumina silica particles, aluminum nitride particles,
silicon nitride particles, mullite particles, geo-polymer
particles, and zirconia particles. Other suitable materials
are also contemplated for use as the ceramic particles
208.
[0016] Typically, the reinforcementmaterial (e.g., cera-
mic reinforcement 204) of a fabric-based ceramic matrix
composite is more brittle and stiffer than the reinforce-
ment material of a fabric-based polymer matrix compo-
site (PMC). Additionally, the matrix material (e.g., cera-
mic matrix 206) of a fabric-based ceramic matrix compo-
site is less viscous than the matrix material of a fabric-
based polymer matrix composite. As such, traditional
compaction techniques and tools used with polymer
matrix composites are not suitable for use with ceramic
matrix composites.
[0017] The present disclosure recognizes that Pick-
and-Place (PnP) robotic layup of fabric-based ceramic
matrix composites (e.g., CMCprepregs) requires ply and
splice compaction during layup for removing air pockets
and wrinkles and to conform the prepreg to a tool before
each subsequent ply is applied. As such, the present
disclosure also recognizes the advantages of using a
compaction roller 102 having specialized material char-
acteristics to compact CMC plies in a similar manner to a
smoothing process used during manual layup and that
addresses the compaction needs for CMC manufactur-
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ing.
[0018] In one or more examples, a material for the
compaction roller 102 is selected such that the CMC
prepreg can be compacted using the compaction roller
102 without migration of the ceramic matrix 206 and
without undesired distortion (e.g., wrinkling) of the fabric
weave of the ceramic reinforcement 204 of the CMC
prepreg. In one or more examples, the compaction roller
102 includes a compaction-roller axis 168 anda compac-
tion-roller surface 104 that circumscribes the compac-
tion-roller axis 168. In one or more examples, the com-
paction roller 102 includes a core and a covering that
surrounds the core. In one or more examples, a covering
material of the covering includesoneof a foammaterial, a
closed-cell foammaterial, or an inflatable bladder. In one
or more examples, the covering material of the covering
is impermeable. In one or more examples, the covering
material includes at least one of silicone, urethane, poly-
urethane, and latex. In one or more examples, the cover-
ingmaterial of the compaction roller 102 includesaShore
A hardness of between approximately 1 and 10, such as
between approximately 3 and 7, such as approximately
5. Advantageously, the compliance of the roller material
of the compaction roller provides pressure uniformity
without localized high pressure peaks. The softness of
the roller material allows for smoothing of the CMC pre-
pregwithout reinforcement distortion ormatrixmigration,
while effectively eliminating large, trapped air bubbles.
[0019] The present disclosure recognizes that during
compaction of the ply 202 of theCMCmaterial 200, some
amount of debris 166, such as from the ply 202 of the
CMC material 200 or other foreign objects, may remain
on the compaction-roller surface 104 of the compaction
roller 102. The debris 166 can include amounts of the
ceramic matrix 206, such as amounts of the ceramic
particles 208 and/or the suspension media 210. The
debris 166 can also include fragments of the ceramic
reinforcement 204. As such, examples of themethodand
the system disclosed herein provide techniques and
mechanisms for easily and efficiently cleaning the com-
paction-roller surface 104 of the compaction roller 102
after CMC ply compaction.
[0020] Fig. 1 isaflowdiagram illustratinganexampleof
a method 1000 for cleaning the ceramic matrix 206 from
the compaction roller 102. Fig. 2 is a schematic block
diagram of an example of a system 100 for cleaning the
ceramicmatrix 206 from the compaction roller 102. Fig. 3
schematically illustrates an example of the system 100.
Fig. 4 schematically illustrates an example of the system
100 during a portion of a scrubbing step of the method
1000. Fig. 5 schematically illustrates an example of the
system100duringaportionof adryingstepof themethod
1000. Fig. 6 schematically illustrates an example of the
system 100.
[0021] In various examples, the system 100 and the
method1000utilize two fabric-coveredanddriven rollers.
A first one of the rollers (e.g., scrubbing roller) is kept wet
and is used for cleaning the compaction roller 102. A

second one of the rollers (e.g., drying roller) is kept dry
and is used for drying the compaction roller 102. During
the cleaning and drying operations, the compaction roller
102 is freewheeling and is independently mounted and
moves across the driven scrubbing and drying rollers in
such a way that the movement is at least approximately
perpendicular to the axes if the scrubbing and drying
roller but the axis of the compaction roller 102 is at a
slight angle to the axes of the driven scrubbing anddrying
rollers. In thisway, the driven scrubbing anddrying rollers
turn the freewheeling compaction roller 102 and the
driving angle between the axes results in an angular
scrubbing motion and drying motion, which allows the
driving scrubbing and drying rollers to clean and dry the
freewheeling compaction roller 102. The driven scrub-
bing and drying rollers are presented to the compaction
roller 102 at an off-angle (e.g., oblique) orientation to
drive a surface scrubbing and surface drying action to
remove collections of the ceramic matrix 206 (e.g., cera-
mic particles 208 and/or suspensionmedia 210) from the
cleaning process in order to recondition the compaction
roller 102 for continued use in CMC pick, place, and form
operations.
[0022] Referring Figs. 2‑6, in one or more examples,
the system 100 includes at least one of a scrubbing roller
106, a drying roller 110, a scrubbing reservoir 130, a
scrubbing wiper 122, a drying reservoir 132, a drying
wiper 126, a scrubbing-reservoir supply 136, a source
152 for a cleaning fluid 134, a scrubbing-reservoir drain
138, a drying-reservoir supply 176, a drying-reservoir
drain 140, a pump154, a filter 156, a blower 146, a heater
150, and a roller drive 174.
[0023] Referring to Figs. 2‑4 and 6, in one or more
examples, the scrubbing roller 106 includes a scrubbing-
roller axis 114 and a scrubbing-roller surface 108 that
circumscribes the scrubbing-roller axis 114. By rotating
the scrubbing roller 106 about the scrubbing-roller axis
114, the scrubbing roller 106 is used to clean the com-
paction roller 102 by applying the cleaning fluid 134 to the
compaction-roller surface 104 of the compaction roller
102 and scrubbing the compaction-roller surface 104 to
remove the debris 166 from the compaction-roller sur-
face 104. During cleaning, with the compaction-roller
surface 104 of the compaction roller 102 in contact with
the scrubbing-roller surface 108 of the scrubbing roller
106, rotationof thescrubbing roller 106causes rotationof
the compaction roller 102 about the compaction-roller
axis 168 and linear movement of the compaction roller
102 in a scrubbing direction 170, thereby, advanta-
geously enabling an entirety of the compaction-roller
surface 104 to be easily and efficiently cleaned.
[0024] Referring to Figs. 2, 3, 5 and 6, in one or more
examples, the drying roller 110 includes a drying-roller
axis 118 and a drying-roller surface 112 that circum-
scribes the drying-roller axis 118. By rotating the drying
roller 110about the drying-roller axis 118, the drying roller
110 is used to dry the compaction roller 102 by removing
the cleaning fluid 134 from the compaction-roller surface
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104 of the compaction roller 102 and also removing any
remaining amounts of the debris 166 from the compac-
tion-roller surface 104. During drying, with the compac-
tion-roller surface 104 of the compaction roller 102 in
contact with the drying-roller surface 112 of the drying
roller 110, rotation of the drying roller 110 causes rotation
of the compaction roller 102 about the compaction-roller
axis 168 and linear movement of the compaction roller
102 in a drying direction 172, thereby, advantageously
enabling an entirety of the compaction-roller surface 104
to be easily and efficiently dried.
[0025] Referring to Figs. 2‑4 and 6, in one or more
examples, the scrubbing reservoir 130 serves as a con-
tainment vessel that contains the cleaning fluid 134 for
application to the scrubbing roller 106 and, thus, applica-
tion to the compaction roller 102 during cleaning. The
scrubbing reservoir 130 also serves as a collection re-
ceptable that collects the cleaning fluid 134 and the
debris 166, removed from the compaction roller 102
and the scrubbing roller 106 during cleaning.
[0026] Referring to Figs. 2‑4 and 6, in one or more
examples, the scrubbing wiper 122 serves as a tool that
removes the cleaning fluid 134 and the debris 166 from
the scrubbing-roller surface 108 of the scrubbing roller
106 and that directs the cleaning fluid 134 and the debris
166 into the scrubbing reservoir 130. In one or more
examples, the scrubbing wiper 122 includes a scrub-
bing-wiper edge 124 and a scrubbing-wiper ramp 142.
[0027] Referring to Figs. 2, 3, 5 and 6, in one or more
examples, the drying reservoir 132 serves as a collection
receptable that collects the cleaning fluid 134 and the
debris 166, removed from the compaction roller 102 and
the drying roller 110 during drying.
[0028] Referring to Figs. 2, 3, 5 and 6, in one or more
examples, the drying wiper 126 serves as a tool that
removes the cleaning fluid 134 and the debris 166 from
the drying-roller surface 112 of the drying roller 110 and
that that directs the cleaning fluid 134 and the debris 166
into the drying reservoir 132. In one or more examples,
the drying wiper 126 includes a drying-wiper edge 128
and a drying-wiper ramp 144. In one or more examples,
the drying wiper 126 Removes most of the cleaning fluid
134 and the debris 166 from the drying-roller surface 112
of the drying roller 110, but not all.
[0029] Referring to Figs. 2‑4 and 6, in one or more
examples, the scrubbing-reservoir supply 136 provides a
supply of the cleaning fluid 134 from the source 152 to the
scrubbing reservoir 130. In one or more examples, the
scrubbing-reservoir drain 138 provides a drain for the
cleaning fluid 134 and the debris 166 collected in the
scrubbing reservoir 130.
[0030] Referring to Figs. 2, 3 and 5, in one or more
examples, the drying-reservoir supply 176 provides a
supply of the cleaning fluid 134 from the source 152 to
the drying reservoir 132. In one or more examples, the
drying-reservoir drain 140 provides a drain for the clean-
ing fluid 134 and the debris 166 collected in the drying
reservoir 132.

[0031] Referring to Figs. 2 and 6, in one or more ex-
amples, the pump 154 transfers the cleaning fluid 134
from thesource152 to thescrubbing reservoir 130. Inone
or more examples, the pump 154 transfers the cleaning
fluid 134 from the source 152 to the drying reservoir 132.
In one or more examples, the pump 154 removes col-
lected amounts of the cleaning fluid 134 and the debris
166 from the scrubbing reservoir 130. In one or more
examples, the pump 154 removes collected amounts of
the cleaning fluid 134 and the debris 166 from the drying
reservoir 132.
[0032] Referring to Figs. 2 and 6, in one or more ex-
amples, the collected amounts of the cleaning fluid 134
and the debris 166 removed from the scrubbing reservoir
130 and/or the drying reservoir 132 are transferred back
to thesource152. In theseexamples, thefilter156 isused
to filter the debris 166 from the cleaning fluid 134 before
the cleaning fluid 134 is resupplied back to the scrubbing
reservoir 130 and/or the drying reservoir 132.
[0033] Referring to Figs. 2, 3, 5 and 6, in one or more
examples, the blower 146 is used to direct a gas 148 to or
on the drying-roller surface 112 of the drying roller 110
during drying. The gas 148 dries the drying-roller surface
112. In one or more examples, the heater 150 heats the
gas 148 before the gas 148 is directed on the drying roller
110.
[0034] Referring to Figs. 2 and 6, in one or more ex-
amples, the roller drive 174 drives rotation of at least one
of the scrubbing roller 106 about the scrubbing-roller axis
114 and/or the drying roller 110 about the drying-roller
axis 118.
[0035] Referring particularly to Fig. 1 and generally to
Figs. 2‑6, the followingare examples of themethod1000,
according to the present disclosure. In one or more
examples, the method 1000 is implemented using the
system100 (e.g., Figs. 2‑6). Themethod 1000 includes a
number of elements, steps, and/or operations. Not all of
the elements, steps, and/or operations described or illu-
strated in one example are required in that example.
Some or all of the elements, steps, and/or operations
described or illustrated in one example can be combined
with other examples in various ways without the need to
include other elements, steps, and/or operations de-
scribed in those other examples, even though such
combination or combinations are not explicitly described
or illustrated by example herein.
[0036] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the method
1000 includes a step of (block 1002) applying the clean-
ing fluid 134. In one or more examples, the cleaning fluid
134 is applied (block 1002) to the scrubbing roller 106. In
these examples, the cleaning fluid 134 is then applied
(block 1002) or transferred to the compaction roller 102
via the scrubbing roller 106.
[0037] Referring particularly to Fig. 1 and generally to
Figs. 2 and 4, in one ormore examples, themethod 1000
includes a step of (block 1008) placing the compaction
roller 102 in contact with the scrubbing roller 106. In one
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or more examples, the compaction roller 102 is placed or
otherwise positioned in contact with the scrubbing roller
106 such that the compaction-roller axis 168 of the com-
paction roller 102 is oblique to the scrubbing-roller axis
114 of the scrubbing roller 106.
[0038] Referring particularly to Fig. 1 and generally to
Figs. 2 and 4, in one ormore examples, with the compac-
tion roller 102 in contact (block 1008) with the scrubbing
roller 106 and the compaction-roller axis 168 oblique to
the scrubbing-roller axis 114, themethod1000 includes a
step of (block 1010) rotating the scrubbing roller 106
about the scrubbing-roller axis 114.
[0039] Referring particularly to Fig. 1 and generally to
Figs. 2 and 4, in one ormore examples, themethod 1000
includes a step of (block 1012) rotating the compaction
roller 102 about the compaction-roller axis 168. In one or
more examples, the compaction roller 102 rotates (block
1012), or is rotated, about the compaction-roller axis 168
in response to rotating (block 1010) the scrubbing roller
106 with the compaction roller 102 in contact with the
scrubbing roller 106. In other words, engagement (block
1008) of the compaction-roller surface 104 with the
scrubbing-roller surface 108 while rotating (block 1010)
the scrubbing roller 106 results in rotation (block 1012) of
the compaction roller 102. However, in other examples,
the compaction roller 102 rotates, or is rotated, about the
compaction-roller axis 168 under the power of a separate
and/or dedicated compaction-roller drive (not shown).
[0040] Referring particularly to Fig. 1 and generally to
Fig. 4, in one or more examples, the method 1000 in-
cludes a step of (block 1014) moving the compaction
roller 102 in the scrubbing direction 170. In one or more
examples, thecompaction roller 102moves (block1014),
or ismoved, in the scrubbing direction 170 in response to
rotating (block 1010) the scrubbing roller 106 with the
compaction roller 102 in contact (block 1008) with the
scrubbing roller 106. In other words, engagement (block
1008) of the compaction-roller surface 104 with the
scrubbing-roller surface 108 while rotating (block 1010)
the scrubbing roller 106 results in linearmovement (block
1014) of the compaction roller 102 in the scrubbing
direction 170. However, in other examples, the compac-
tion roller 102 moves, or is moved, in the scrubbing
direction 170 under the power of a separate and/or
dedicated compaction-roller drive (not shown).
[0041] In one or more examples, the scrubbing direc-
tion 170 is non-parallel to the scrubbing-roller axis 114. In
one or more examples, the scrubbing direction 170 is at
least approximately perpendicular to the scrubbing-roller
axis 114. In one or more examples, the scrubbing direc-
tion 170 is generally oblique to the scrubbing-roller axis
114.
[0042] Referring particularly to Fig. 1 and generally to
Figs. 2, 4 and 6, in one or more examples, the method
1000 includes a step of (block 1016) transferring the
cleaning fluid 134 from the scrubbing roller 106 to the
compaction roller 102. In one or more examples, the
cleaning fluid 134 is transferred (block 1016) from the

scrubbing roller 106 to the compaction roller 102 while
rotating (block1010) the scrubbing roller 106andwith the
compaction-roller surface 104 of the compaction roller
102 in contact (block 1008) with the scrubbing-roller
surface 108 of the scrubbing roller 106.
[0043] Referring particularly to Fig. 1 and generally to
Figs. 2, 4 and 6, in one or more examples, the method
1000 includes a step of (block 1018) transferring debris
166 from the compaction roller 102 to the scrubbing roller
106. In one or more examples, the debris 166 is trans-
ferred (block 1018) from the compaction roller 102 to the
scrubbing roller 106while rotating (block1010) thescrub-
bing roller 106andwith thecompaction-roller surface104
of the compaction roller 102 in contact (block 1008) with
the scrubbing-roller surface 108 of the scrubbing roller
106.
[0044] In one or more examples, the debris 166 in-
cludes or consists entirely of the ceramic particles 208 of
the ceramicmatrix 206. In other examples, thedebris 166
includes fragments of the ceramic reinforcement 204,
remnants of the suspension media 210, and other debris
or foreign objects removed from the compaction-roller
surface 104 of the compaction roller 102.
[0045] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, themethod 1000
includes a step of (block 1022) placing the compaction
roller 102 in contact with the drying roller 110. In one or
more examples, the compaction roller 102 is placed or
otherwise positioned in contact with the drying roller 110
such that the compaction-roller axis 168 of the compac-
tion roller 102 is oblique to the drying-roller axis 118 of the
drying roller 110.
[0046] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, with the compac-
tion roller 102 in contact (block1022)with the drying roller
110 and the compaction-roller axis 168 oblique to the
drying-roller axis 118, themethod 1000 includes a step of
(block 1024) rotating the drying roller 110 about the
drying-roller axis 118.
[0047] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, themethod 1000
includes a step of (block 1026) rotating the compaction
roller 102 about the compaction-roller axis 168. In one or
more examples, the compaction roller 102 rotates (block
1026), or is rotated, about the compaction-roller axis 168
in response to rotating (block 1024) the drying roller 110
with the compaction roller 102 in contact with the drying
roller 110. In other words, engagement (block 1022) of
the compaction-roller surface 104 with the drying-roller
surface 112 while rotating (block 1024) the drying roller
110 results in rotation (block 1026) of the compaction
roller 102. However, in other examples, the compaction
roller rotates, or is rotated, about the compaction-roller
axis 168 under the power of a separate and/or dedicated
compaction-roller drive (not shown).
[0048] Referring particularly to Fig. 1 and generally to
Fig. 5, in one or more examples, the method 1000 in-
cludes a step of (block 1028) moving the compaction
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roller 102 in the drying direction 172. In one or more
examples, the compaction roller 102 moves (block
1028), or ismoved, in thedryingdirection172 in response
to rotating (block 1024) the drying roller 110 with the
compaction roller 102 in contact (block 1022) with the
drying roller 110. In other words, engagement (block
1022) of the compaction-roller surface 104 with the dry-
ing-roller surface 112 while rotating (block 1024) the
drying roller 110 results in linear movement (block
1028) of the compaction roller 102 in the drying direction
172. However, in other examples, the compaction roller
102moves, or ismoved, in the drying direction 172 under
the power of a separate and/or dedicated compaction-
roller drive (not shown).
[0049] In one or more examples, the drying direction
172 is non-parallel to the drying-roller axis 118. In one or
more examples, the drying direction 172 is at least ap-
proximately perpendicular to the drying-roller axis 118. In
one or more examples, the drying direction 172 is gen-
erally oblique to the drying-roller axis 118.
[0050] Referring particularly to Fig. 1 and generally to
Figs. 2, 5 and 6, in one or more examples, the method
1000 includes a step of (block 1030) transferring the
cleaning fluid 134 and the debris 166 from the compac-
tion roller 102 to the drying roller 110. In one or more
examples, the cleaning fluid 134 and the debris 166 are
transferred (block 1030) from the compaction roller 102
to the drying roller 110 while rotating (block 1024) the
drying roller 110 and with the compaction-roller surface
104 of the compaction roller 102 in contact (block 1022)
with the drying-roller surface 112 of the drying roller 110.
[0051] Referring particularly to Fig. 1 and generally to
Figs. 2, 4 and 6, in one or more examples, the method
1000 includes a step of (block 1040) collecting the clean-
ing fluid 134 and the debris 166 from the scrubbing roller
106. In one or more examples, the cleaning fluid 134 and
the debris 166, which are removed (block 1036) from the
scrubbing roller 106, are collected (block 1040), or other-
wise deposited, in the scrubbing reservoir 130.
[0052] Referring particularly to Fig. 1 and generally to
Figs. 2‑4and6, inoneormoreexamples, according to the
method 1000, the cleaning fluid 134 is contained in the
scrubbing reservoir 130. In one or more examples, the
step of (block 1002) applying the cleaning fluid 134 to the
scrubbing roller 106 includes a step of (block 1004)
submerging a portion of the scrubbing roller 106 in the
cleaning fluid 134, which is contained in the scrubbing
reservoir 130. In one ormore examples, the portion of the
scrubbing roller 106 is submerged (block 1004) in the
cleaning fluid 134 while rotating (block 1010) the scrub-
bing roller 106.
[0053] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the method
1000 includes a step of (block 1036) removing the clean-
ing fluid 134 and the debris 166 from the scrubbing roller
106. In one or more examples, the cleaning fluid 134 and
the debris 166 are removed (block 1036) from the scrub-
bing-roller surface 108 of the scrubbing roller 106 using

the scrubbing wiper 122. A portion of the scrubbing wiper
122 is in contact with the scrubbing-roller surface 108 of
the scrubbing roller 106.
[0054] Referring particularly to Fig. 1 and generally to
Figs. 2, 4 and 6, in one or more examples, the method
1000 includes a step of (block 1038) directing the clean-
ing fluid 134 and the debris 166 from the scrubbing roller
106 to the scrubbing reservoir 130. In one or more ex-
amples, the cleaning fluid 134 and the debris 166 re-
moved (block 1036) from the scrubbing roller 106 are
directed (block 1038) to the scrubbing reservoir 130
using the scrubbing wiper 122.
[0055] Referring particularly to Fig. 1 and generally to
Figs. 2‑4, in one or more examples, according to the
method 1000, the scrubbing wiper 122 includes the
scrubbing-wiper edge 124 and the scrubbing-wiper ramp
142. The scrubbing-wiper ramp 142 extends from the
scrubbing-wiper edge 124. The scrubbing-wiper ramp
142 extends is directed toward the scrubbing reservoir
130.
[0056] Referring particularly to Fig. 1 and generally to
Figs. 2 and 4, in one or more examples, according to the
method 1000, the step of (block 1036) removing the
cleaning fluid 134 and the debris 166 from the scrubbing
roller 106 includes a step of placing the scrubbing-wiper
edge 124 in contact with the scrubbing-roller surface 108
of the scrubbing roller 106 and a step of rotating the
scrubbing roller 106 with the scrubbing-wiper edge 124
in contact with the scrubbing-roller surface 108.
[0057] Referring particularly to Fig. 1 and generally to
Figs. 2 and 4, in one or more examples, according to the
method 1000, the step of (block 1038) directing the
cleaning fluid 134 and the debris 166 from the scrubbing
roller 106 to the scrubbing reservoir 130, via the scrub-
bingwiper 122, includesa stepof urging the cleaningfluid
134 and the debris 166 from the scrubbing-wiper edge
124 along the scrubbing-wiper ramp 142 into the scrub-
bing reservoir 130.
[0058] Referring particularly to Fig. 1 and generally to
Figs. 2, 5 and 6, in one or more examples, the method
1000 includes a step of (block 1050) collecting the clean-
ing fluid 134 and the debris 166 from the drying roller 110.
In one or more examples, the cleaning fluid 134 and the
debris 166 removed (block 1046) from the drying roller
110 are collected (block 1050), or otherwise deposited, in
the drying reservoir 132.
[0059] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, themethod 1000
includes a step of (block 1046) removing the cleaning
fluid 134 and the debris 166 from the drying roller 110. In
one or more examples, the cleaning fluid 134 and the
debris 166 are removed (block 1046) from the drying-
roller surface 112 of the drying roller 110 using the drying
wiper 126. A portion of thewiper 126 is in contact with the
drying-roller surface 112 of the drying roller 110.
[0060] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, themethod 1000
includes a step of (block 1048) directing the cleaning fluid
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134 and the debris 166 from the drying roller 110 to the
drying reservoir 132. In one ormore examples, the clean-
ing fluid 134 and the debris 166, which are removed
(block1046) from thedrying roller 110,aredirected (block
1048) to the drying reservoir 132 using the drying wiper
126.
[0061] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one or more examples, according to the
method 1000, the drying wiper 126 includes the drying-
wiper edge 128 and the drying-wiper ramp 144. The
drying-wiper ramp 144 extends from the drying-wiper
edge 128. The drying-wiper ramp 144 is directed toward
the reservoir 132.
[0062] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one or more examples, according to the
method 1000, the step of (block 1046) removing the
cleaning fluid 134 and the debris 166 from the drying
roller 110 includesa stepof placing thedrying-wiper edge
128 in contact with the drying-roller surface 112 of the
drying roller 110andastepof rotating thedrying roller 110
with the drying-wiper edge 128 in contact with the drying-
roller surface 112.
[0063] Referring particularly to Fig. 1 and generally to
Figs. 2, 5 and 6, in one or more examples, according to
the method 1000, the step of (block 1048) directing the
cleaning fluid 134 and the debris 166 from the drying
roller 110 to the drying reservoir 132, via the drying wiper
126, includes a step of urging the cleaning fluid 134 and
the debris 166 from the drying-wiper edge 128 along the
drying-wiper ramp 144 into the drying reservoir 132.
[0064] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the method
1000 includes a step of (block 1034) supplying the clean-
ing fluid 134 to the scrubbing reservoir 130. Supplying
(block 1034) the cleaning fluid 134 to the scrubbing
reservoir 130 enables applying (block 1002) the cleaning
fluid 134 to the scrubbing roller 106, such as by submer-
ging (block 1004) a portion of the scrubbing roller 106 in
the cleaning fluid 134. In one or more examples, the
cleaning fluid 134 is supplied to the scrubbing reservoir
130 via the scrubbing-reservoir supply 136.
[0065] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the method
1000 includesastepof (block1042) draining the cleaning
fluid 134 and the debris 166 from the scrubbing reservoir
130. Draining the cleaning fluid 134 and the debris 166
from the scrubbing reservoir 130 removes the used and
collected amounts of the cleaning fluid 134 and amounts
of the debris 166 removed and collected from the scrub-
bing roller 106 and the compaction roller 102. In one or
more examples, the cleaning fluid 134 and the debris 166
are drained from the scrubbing reservoir 130 vie the
scrubbing-reservoir drain 138.
[0066] Referring particularly to Fig. 1 and generally to
Figs.2, 3 and 5, in one or more examples, the method
1000 includesastepof (block1052) draining the cleaning
fluid134and thedebris 166 from thedrying reservoir 132.
Draining the cleaning fluid 134 and the debris 166 from

the drying reservoir 132 removes the used and collected
amounts of the cleaning fluid 134 and amounts of the
debris 166 removed and collected from the drying roller
110 and the compaction roller 102. In one or more ex-
amples, the cleaning fluid 134 and the debris 166 are
drained from the drying reservoir 132 via the drying-
reservoir drain 140.
[0067] Referring particularly to Fig. 1 and generally to
Figs. 2, 3, 5 and 6, in one or more examples, the method
1000 includes the step of (block 1034) supplying the
cleaning fluid 134 to the drying reservoir 132. Supplying
(block 1034) the cleaning fluid 134 to the drying reservoir
132 enables draining (block 1052) by flushing collected
amounts of the debris 166 from the reservoir 132. The
amount of cleaning fluid 134 supplied to the drying re-
servoir 132 remains below the drying roller 110. In one or
more examples, the cleaning fluid 134 is supplied to the
scrubbing reservoir 130 via the drying-reservoir supply
176.
[0068] Referring particularly to Fig. 1 and generally to
Figs. 2 and 6, in one or more examples, according to the
method 1000, the step of (block 1034) supplying the
cleaning fluid 134 to the scrubbing reservoir 130 includes
a step of transferring the cleaning fluid 134 from the
source 152 to the scrubbing-reservoir supply 136.
[0069] Referring particularly to Fig. 1 and generally to
Figs. 2 and 6, in one or more examples, according to the
method 1000, the step of transferring the cleaning fluid
134 from the source 152 to the scrubbing-reservoir sup-
ply 136 includes a step of pumping the cleaning fluid 134.
In one or more examples, the cleaning fluid 134 is
pumped from the source 152 to the scrubbing-reservoir
supply 136 using the pump 154, such as an airlift pump.
[0070] Referring particularly to Fig. 1 and generally to
Figs. 2 and6, in oneormore examples, themethod 1000,
such as the step of (block 1042) draining the cleaning
fluid 134 and the debris 166 from the scrubbing reservoir
130, includes a step of (block 1044) transferring the
cleaning fluid 134 and the debris 166 from the scrub-
bing-reservoir drain 138 to the source 152.
[0071] Referring particularly to Fig. 1 and generally to
Figs. 2, 5 and 6, in one or more examples, according to
the method 1000, the step of (block 1034) supplying the
cleaning fluid 134 to the drying reservoir 132 includes a
step of transferring the cleaning fluid 134 from the source
152 to the drying-reservoir supply 176.
[0072] Referring particularly to Fig. 1 and generally to
Figs. 2, 5 and 6, in one or more examples, according to
the method 1000, the step of transferring the cleaning
fluid 134 from the source 152 to the drying-reservoir
supply 176 includes a step of pumping the cleaning fluid
134. In one or more examples, the cleaning fluid 134 is
pumped from the source 152 to the drying-reservoir
supply 176 using the pump 154, such as an airlift pump.
[0073] Referring particularly to Fig. 1 and generally to
Figs. 2 and6, in oneormore examples, themethod 1000,
such as the step of (block 1052) draining the cleaning
fluid134and thedebris 166 from thedrying reservoir 132,
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includes a step of (block 1054) transferring the cleaning
fluid 134 and the debris 166 from the drying-reservoir
drain 140 to the source 152.
[0074] Referring particularly to Fig. 1 and generally to
Figs. 2 and 6, in one ormore examples, themethod 1000
includes a step of (block 1032) filtering the debris 166
from the cleaning fluid 134. In one ormore examples, the
debris 166 is filtered (block 1032) from the cleaning fluid
134 in the source 152. In one or more examples, the
debris 166 is filter and removed from the cleaning fluid
134 using the filter 156.
[0075] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, themethod 1000
includes a step of (block 1056) drying the drying roller
110.
[0076] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one or more examples, according to the
method 1000, the step of (block 1056) drying the drying
roller 110 includes a step of (block 1060) directing gas
148on the drying roller 110. In one ormore examples, the
gas 148 is directed (block 1060) on the drying-roller
surface 112 of the drying roller 110 while rotating (block
1024) the drying roller 110. In one or more examples, the
gas 148 is directed on the drying-roller surface 112 of the
drying roller 110 using the blower 146.
[0077] Referring particularly to Fig. 1 and generally to
Figs. 2 and 5, in one ormore examples, themethod 1000
includes a step of (block 1058) heating the gas 148. In
one or more examples, the gas 148 is heated using the
heater 150 before the gas 148 is supplied or routed to the
blower 146.
[0078] Referring particularly to Fig. 1 and generally to
Figs. 2‑6, in one or more examples, the method 1000
includes the step of (block 1002) applying the cleaning
fluid 134. In one ormore examples, the cleaning fluid 134
is applied (block 1002) to the compaction roller 102. In
one or more examples, the cleaning fluid 134 is applied
(block 1002) to the scrubbing roller 106 and then is
applied or transferred to the compaction roller 102 via
the scrubbing roller 106. In other examples, the cleaning
fluid 134 is applied directly to the compaction roller 102.
[0079] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the method
1000 includes the step of (block 1006) scrubbing the
compaction roller 102 to remove the ceramic particles
208 of the ceramic matrix 206 from the compaction-roller
surface 104 of the compaction roller 102.
[0080] Referring particularly to Fig. 1 and generally to
Figs. 2, 3, 5 and 6, in one or more examples, the method
1000 includes the step of (block 1020) drying the com-
paction roller 102 to remove the cleaning fluid 134 from
the compaction-roller surface 104.
[0081] Referring particularly to Fig. 1 and generally to
Figs. 2‑4and6, inoneormoreexamples, according to the
method 1000, the step of (block 1006) scrubbing the
compaction roller 102 includes the step of (block 1008)
placing the compaction roller 102 in contact with the
scrubbing roller 106 such that the compaction-roller axis

168 of the compaction roller 102 is oblique to the scrub-
bing-roller axis 114 of the scrubbing roller 106.
[0082] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, with the
compaction roller 102 in contact (block 1008) with the
scrubbing roller 106 and the compaction-roller axis 168
oblique to the scrubbing-roller axis 114, the step of (block
1006) scrubbing the compaction roller 102 includes the
step of (block 1010) rotating the scrubbing roller 106
about the scrubbing-roller axis 114.
[0083] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the step of
(block 1006) scrubbing the compaction roller 102 in-
cludes the step of (block 1012) rotating the compaction
roller 102 about the compaction-roller axis 168 in re-
sponse to rotating (block 1010) the scrubbing roller 106.
[0084] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the step of
(block 1006) scrubbing the compaction roller 102 in-
cludes the step of (block 1014) moving the compaction
roller 102 in the scrubbing direction 170 in response to
rotating (block 1010) the scrubbing roller 106. In one or
more examples, the scrubbing direction 170 is non-par-
allel to the scrubbing-roller axis 114.
[0085] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the step of
(block 1006) scrubbing the compaction roller 102 in-
cludes the step of (block 1016) transferring the cleaning
fluid 134 from the scrubbing roller 106 to the compaction
roller 102 while rotating (block 1010) the scrubbing roller
106.
[0086] Referring particularly to Fig. 1 and generally to
Figs. 2‑4 and 6, in one or more examples, the step of
(block 1006) scrubbing the compaction roller 102 in-
cludes the step of (block 1018) transferring the debris
166 from the compaction roller 102 to the scrubbing roller
106 while rotating (block 1010) the scrubbing roller 106.
[0087] Referring particularly to Fig. 1 and generally to
Figs. 2, 3 5 and 6, in one or more examples, the step of
(block 1020) drying the compaction roller 102 includes
the step of (block 1022) placing the compaction roller 102
in contact with the drying roller 110 such that the compac-
tion-roller axis 168 of the compaction roller 102 is oblique
to the drying-roller axis 118 of the drying roller 110.
[0088] Referring particularly to Fig. 1 and generally to
Figs. 2, 3 5 and 6, in one or more examples, with the
compaction roller 102 in contact (block 1022) with the
drying roller 110 and the compaction-roller axis 168 ob-
lique to the drying-roller axis 118, the step of (block 1020)
drying the compaction roller 102 includes the step of
(block 1024) rotating the drying roller 110 about the
drying-roller axis 118;
[0089] Referring particularly to Fig. 1 and generally to
Figs. 2, 3 5 and 6, in one or more examples, the step of
(block 1020) drying the compaction roller 102 includes
thestepof (block1026) rotating thecompaction roller 102
about the compaction-roller axis 168 in response to
rotating (block 1024) the drying roller 110.
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[0090] Referring particularly to Fig. 1 and generally to
Figs. 2, 3 5 and 6, in one or more examples, the step of
(block 1020) drying the compaction roller 102 includes
the step of (block 1028)moving the compaction roller 102
in the drying direction 172 in response to rotating (block
1024) the drying roller 110. In one or more examples, the
drying direction 172 is non-parallel to the drying-roller
axis 118.
[0091] Referring particularly to Fig. 1 and generally to
Figs. 2, 3 5 and 6, in one or more examples, the step of
(block 1020) drying the compaction roller 102 includes
the stepof (block1030) transferring the cleaning fluid 134
and debris 166 from the compaction roller 102 to the
drying roller 110 while rotating (block 1024) the drying
roller 110.
[0092] Referring now to Figs. 2‑6, the following are
examples of the system 100, according to the present
disclosure. The system 100 includes a number of ele-
ments, features, and components. Not all of the ele-
ments, features, and/or components described or illu-
strated in one example are required in that example.
Someorall of theelements, features, and/or components
described or illustrated in one example can be combined
with other examples in various ways without the need to
include other elements, features, and/or components
described in those other examples, even though such
combination or combinations are not explicitly described
or illustrated by example herein.
[0093] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the scrubbing roller 106. The scrubbing roller
106 rotates about the scrubbing-roller axis 114 to apply
the cleaning fluid 134 to the compaction roller 102 and to
remove the debris 166 from the compaction roller 102.
[0094] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the drying roller 110. The system is preferably
configured to enable the scrubbing roller 106 and the
drying roller 110 to rotate. The drying roller 110 rotates
about the drying-roller axis 118 to remove the cleaning
fluid 134 and the debris 166 from the compaction roller
102.
[0095] Referring generally to Fig. 2 and particularly to
Figs. 3‑4 and 6, in one or more examples, with the
compaction roller 102 placed in contact with the scrub-
bing roller 106 and the scrubbing-roller axis 114 oblique
to the compaction-roller axis 168 of the compaction roller
102, rotation of the scrubbing roller 106 about the scrub-
bing-roller axis 114 rotates the compaction roller 102
about the compaction-roller axis 168 and moves the
compaction roller 102 in the scrubbing direction 170. In
one or more examples, the scrubbing direction 170 is
non-parallel to the scrubbing-roller axis 114.
[0096] Referring generally to Fig. 2 and particularly to
Figs. 3, 5 and 6, in one or more examples, with the
compaction roller 102 placed in contact with the drying
roller 110 and the drying-roller axis 118 oblique to the
compaction-roller axis 168 of the compaction roller 102,

rotationof thedrying roller 110about thedrying-roller axis
118 rotates the compaction roller 102 about the compac-
tion-roller axis 168 and moves the compaction roller 102
in the drying direction 172. In one or more examples, the
drying direction 172 is non-parallel to the drying-roller
axis 118.
[0097] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the scrubbing reservoir 130. The scrubbing
reservoir 130 provides the cleaning fluid 134 to the scrub-
bing roller 106. The scrubbing reservoir 130 collects the
cleaning fluid 134 and the debris 166, which are removed
from the scrubbing roller 106.
[0098] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the scrubbing wiper 122. The scrubbing wiper
122 is in contact with the scrubbing roller 106. The
scrubbing wiper 122 removes the cleaning fluid 134
and the debris 166 from the scrubbing roller 106. The
scrubbingwiper 122directs the cleaning fluid134and the
debris 166 into the scrubbing reservoir 130.
[0099] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the scrubbing wiper
122 includes the scrubbing-wiper edge 124 and the
scrubbing-wiper ramp 142. The scrubbing-wiper edge
124 is positioned in contact with the scrubbing-roller
surface 108 of the scrubbing roller 106. The scrubbing-
wiper edge 124 removes the cleaning fluid 134 and the
debris 166 from the scrubbing-roller surface 108. The
scrubbing-wiper ramp 142 extends from the scrubbing-
wiper edge 124. The scrubbing-wiper ramp 142 directs
the cleaning fluid 134 and the debris 166, removed from
the scrubbing-roller surface 108, to the scrubbing reser-
voir 130.
[0100] Referring toFig. 2, in oneormoreexamples, the
scrubbing-wiper edge 124 is radiused. The scrubbing-
wiper edge 124 being radiused, such as having a
rounded or curved edge, enables the scrubbing-wiper
edge 124 to serve as a squeegee or wiper that presses
against the scrubbing-roller surface 108 of the scrubbing
roller 106 to remove the debris 166.
[0101] Referring generally to Fig. 2 and particularly to
Figs. 3 and 4, in one or more examples, a portion of the
scrubbing roller 106 is submerged in the cleaning fluid
134, which is contained in the scrubbing reservoir 130.
[0102] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the drying reservoir 132. The reservoir 132
collects the cleaning fluid 134 and the debris 166, which
are removed from the drying roller 110.
[0103] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the drying wiper 126. The drying wiper 126 is
in contact with the drying roller 110. The drying wiper 126
removes the cleaning fluid 134 and the debris 166 from
the drying roller 110. The drying wiper 126 directs the
cleaning fluid 134 and the debris 166 into the drying
reservoir 132.
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[0104] Referring generally to Fig. 2 and particularly to
Figs. 3, 5 and 6, in one or more examples, the drying
wiper 126 includes the drying-wiper edge 128 and the
drying-wiper ramp 144. The drying-wiper edge 128 is
positioned in contact with the drying-roller surface 112
of the drying roller 110. The drying-wiper edge 128 re-
moves the cleaning fluid 134 and the debris 166 from the
drying-roller surface 112. The drying-wiper ramp 144
extends from the drying-wiper edge 128. The drying-
wiper ramp 144 directs the cleaning fluid 134 and the
debris 166, removed from thedrying-roller surface112, to
the drying reservoir 132.
[0105] Referring toFig. 2, in oneormoreexamples, the
drying-wiper edge 128 is radiused. The drying-wiper
edge 128 being radiused, such as having a rounded or
curved edge, enables the drying-wiper edge 128 to serve
as a squeegee or wiper that presses against the drying-
roller surface 112 of the drying roller 110 to remove the
cleaning fluid 134 and any amounts of the debris 166.
[0106] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the scrubbing-reservoir supply 136. The scrub-
bing-reservoir supply 136 supplies the cleaning fluid 134
to the scrubbing reservoir 130.
[0107] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the source 152 of the cleaning fluid 134. In
one or more examples, the source 152 is in fluid com-
munication with the scrubbing-reservoir supply 136.
[0108] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the scrubbing-reservoir drain 138. The scrub-
bing-reservoir drain 138 removes the cleaning fluid 134
and the debris 166 from the scrubbing reservoir 130.
[0109] Referring generally to Fig. 2 and particularly to
Figs. 3‑5, in one or more examples, the system 100
includes the drying-reservoir drain 140. The drying-re-
servoir drain 140 removes the cleaning fluid 134 and the
debris 166 from the drying reservoir 132.
[0110] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the drying-reservoir supply 176. The drying-
reservoir supply 176 supplies the cleaning fluid 134 to
the drying reservoir 132. In one or more examples, the
source 152 is in fluid communication with the drying-
reservoir supply 176.
[0111] Referring generally to Fig. 2 and particularly to
Figs. 5 and 6, in one or more examples, the system 100
includes the pump 154. In one or more examples, the
pump154 transfers the cleaningfluid134 from thesource
152 to the scrubbing reservoir 130 via the scrubbing-
reservoir supply 136. In one ormore examples, the pump
154 transfers the cleaning fluid 134 from the source 152
to the reservoir 132 via the drying-reservoir supply 176.
[0112] In one or more examples, the pump 154 re-
moves the cleaning fluid 134 and the debris 166 from
the scrubbing reservoir 130 via the scrubbing-reservoir
drain 138. In one or more examples, the pump 154

transfers the cleaning fluid 134 and the debris 166 from
the scrubbing reservoir 130 to the source 152. In one or
moreexamples, thepump154 removes the cleaning fluid
134 and the debris 166 from the drying reservoir 132 via
the drying-reservoir drain 140. In one or more examples,
the pump 154 transfers the cleaning fluid 134 and the
debris 166 from the drying reservoir 132 to the source
152.
[0113] Referring toFig. 2, in one ormoreexamples, the
pump 154 includes or takes the form of an airlift pump.
Generally, the airlift pump is a pump that has low suction
and moderate discharge of liquid and entrained solids.
The pump injects compressed air at the bottom of the
discharge pipe, which is immersed in the cleaning fluid
134. The compressed air mixes with the liquid causing
the air-water mixture to be less dense than the rest of the
liquid around it and therefore is displaced upwards
through the discharge pipe by the surrounding liquid of
higher density. Solids, such as the debris 166, may be
entrained in the flow and if small enough to fit through the
pipe, will be discharged with the rest of the flow at a
shallower depth or above the surface.
[0114] Referring generally to Fig. 2 and particularly to
Fig. 6, in one or more examples, the source 152 of the
cleaning fluid 134 is in fluid communication with the
scrubbing-reservoir drain 138.
[0115] Referring generally to Fig. 2 and particularly to
Fig. 6, in one ormore examples, the system 100 includes
the filter 156. The filter 156 separates the debris 166 from
the cleaning fluid 134 in the source 152.
[0116] Referring generally to Fig. 2 and particularly to
Fig. 6, in one or more examples, the source 152 of the
cleaning fluid 134 is in fluid communication with the
drying-reservoir drain 140.
[0117] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes the blower 146. The blower 146 is located
adjacent to the drying roller 110. The blower 146 directs
the gas 148 on the drying-roller surface 112 of the drying
roller 110.
[0118] Referring generally to Fig. 2 and particularly to
Figs. 3‑6, in one or more examples, the system 100
includes a heater 150. The heater 150 heats the gas
148. In one or more examples, the heater 150 is an inline
heater that heats the gas 148 before and/or as the gas
148 is supplied to the blower 146.
[0119] Referring generally to Fig. 2 and particularly to
Fig. 6, in one ormore examples, the system 100 includes
the roller drive 174. The roller drive 174 drives and,
thereby, rotates the scrubbing roller 106 and the drying
roller 110. In one or more examples, the roller drive 174
drives rotation of both the scrubbing roller 106 and the
drying roller 110. In one ormore examples, the scrubbing
roller 106 and the drying roller 110 share a common
instance of the roller drive 174. In one or more examples,
the scrubbing roller 106 and the drying roller 110 have a
dedicated instances of the roller drive 174.
[0120] Referring toFig. 2, in oneormoreexamples, the
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scrubbing roller 106 includes the scrubbing-roller surface
108. The scrubbing-roller surface 108 includes a first
fabric material 158. The first fabric material 158 has a
first nap 162. The first nap 162 is configured to carry the
cleaning fluid 134 from the scrubbing reservoir 130. The
first nap 162 is also configured to carry the debris 166
collected from the compaction-roller surface 104 of the
compaction roller 102. In one or more examples, the first
nap 162 is between approximately 10 mm and approxi-
mately 26 mm, such as between approximately 15 mm
and approximately 18 mm. In one or more examples, the
first fabricmaterial 158 includeswovenor knit syntheticor
natural material or foam material.
[0121] Referring toFig. 2, in oneormoreexamples, the
drying roller 110 includes the drying-roller surface 112.
The drying-roller surface 112 includes a second fabric
material 160. The second fabric material 160 has a
second nap 164. The second nap 164 is configured to
carry the cleaning fluid 134 collected from the compac-
tion-roller surface104of thecompaction roller 102. Inone
or more examples, the second nap 164 is between ap-
proximately 3 mm and approximately 9 mm, such as
between approximately 5 mm and approximately 7
mm. In one ormore examples, the second fabricmaterial
160 includeswovenor knit synthetic or naturalmaterial or
foam material.
[0122] Referring now to Figs. 7 and 8, examples of the
method 1000 and the system 100 described herein, may
be related to, or used in the context of, the aerospace
manufacturing and servicemethod 1100, as shown in the
flow diagram of Fig. 7 and an aircraft 1200, as schema-
tically illustrated in Fig. 8. As an example, the aircraft
1200 and/or themanufacturing and servicemethod 1100
may include or utilize components that aremanufactured
of ceramic matrix composite materials, which are com-
pacted using the compaction roller 102, which is cleaned
during manufacturing using the system 100 and/or ac-
cording to the method 1000.
[0123] Referring to Fig. 8, which illustrates an example
of the aircraft 1200. The aircraft 1200 can be any aero-
space vehicle or platform. In one or more examples, the
aircraft 1200 includes the airframe 1202 having the inter-
ior 1206. The aircraft 1200 includes a plurality of onboard
systems1204 (e.g., high-level systems). Examplesof the
onboard systems 1204 of the aircraft 1200 include pro-
pulsion systems1208, hydraulic systems1212, electrical
systems1210,andenvironmental systems1214. Inother
examples, the onboard systems 1204 also includes one
or more control systems coupled to the airframe 1202 of
the aircraft 1200. In yet other examples, the onboard
systems 1204 also include one or more other systems,
such as, but not limited to, communications systems,
avionics systems, software distribution systems, network
communications systems, passenger information/enter-
tainment systems, guidance systems, radar systems,
weapons systems, and the like. The aircraft 1200 can
have any number of componentsmade of ceramicmatrix
composite materials, which are compacted using the

compaction roller 102, which is cleaned using system
100 and/or according to the method 1000.
[0124] Referring to Fig. 7, during pre-production of the
aircraft 1200, the manufacturing and service method
1100 includes specification and design of the aircraft
1200 (block 1102) and material procurement (block
1104). During production of the aircraft 1200, component
and subassembly manufacturing (block 1106) and sys-
tem integration (block 1108) of the aircraft 1200 take
place. Thereafter, the aircraft 1200 goes through certifi-
cation and delivery (block 1110) to be placed in service
(block 1112). Routine maintenance and service (block
1114) includes modification, reconfiguration, refurbish-
ment, etc. of one or more systems of the aircraft 1200.
[0125] Eachof the processes of themanufacturing and
service method 1100 illustrated in Fig. 7 may be per-
formed or carried out by a system integrator, a third party,
and/or anoperator (e.g., a customer). For thepurposesof
this description, a system integrator may include, without
limitation, any number of aircraft manufacturers and ma-
jor-system subcontractors; a third party may include,
without limitation, any number of vendors, subcontrac-
tors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization,
and so on.
[0126] Examples of the method 1000 and the system
100, shown and described herein, may be employed
duringanyoneormoreof thestagesof themanufacturing
and service method 1100 shown in the flow diagram
illustrated by Fig. 7. In an example, components of the
aircraft 1200 can be manufactured of ceramic matrix
composite materials, which are compacted using the
compaction roller 102, which is cleaned using the system
100and/or according to themethod1000duringaportion
of component and subassembly manufacturing (block
1106) and/or system integration (block 1108). Further,
components of the aircraft 1200 can be manufactured of
ceramic matrix composite materials, which are com-
pacted using the compaction roller 102, which is cleaned
using the system 100 and/or according to the method
1000 while the aircraft 1200 is in service (block 1112).
Also, components of the aircraft 1200 can be manufac-
tured of ceramic matrix composite materials, which are
compacted using the compaction roller 102, which is
cleaned using the system 100 and/or according to the
method 1000 during system integration (block 1108) and
certification and delivery (block 1110). Similarly, compo-
nentsof theaircraft 1200canbemanufacturedof ceramic
matrix composite materials, which are compacted using
the compaction roller 102, which is cleaned using the
system 100 and/or according to the method 1000 while
the aircraft 1200 is in service (block 1112) and during
maintenance and service (block 1114).
[0127] A method (1000) for cleaning a ceramic matrix
(206) from a compaction roller (102) according to an
embodiment of the present application (see figures)
comprises applying a cleaning fluid (134) to a scrubbing
roller (106) and/or applying a cleaning fluid (134) to the

5

10

15

20

25

30

35

40

45

50

55



13

23 EP 4 563 249 A1 24

compaction roller (102). A further step involves placing
the compaction roller (102) in contact with the scrubbing
roller (106) such that a compaction-roller axis (168) of the
compaction roller (102) is oblique to a scrubbing-roller
axis (114) of the scrubbing roller (106).With the compac-
tion roller (102) in contact with the scrubbing roller (106)
and the compaction-roller axis (168) oblique to the scrub-
bing-roller axis (114), the scrubbing roller (106) is rotated
about the scrubbing-roller axis (114). Further steps in-
volves rotating the compaction roller (102) about the
compaction-roller axis (168) in response to rotating of
the scrubbing roller (106), moving the compaction roller
(102) in a scrubbing direction (170) that is non-parallel to
the scrubbing-roller axis (114) in response to rotating the
scrubbing roller (106), transferring the cleaning fluid
(134) from the scrubbing roller (106) to the compaction
roller (102) while rotating the scrubbing roller (106), and
transferring debris (166) from the compaction roller (102)
to the scrubbing roller (106) while rotating the scrubbing
roller (106).
[0128] Optionally,method (1000) further comprises the
steps of placing the compaction roller (102) in contact
with a drying roller (110) such that the compaction-roller
axis (168) of the compaction roller (102) is oblique to a
drying-roller axis (118) of the drying roller (110), and with
the compaction roller (102) in contact with the drying
roller (110) and the compaction-roller axis (168) oblique
to the drying-roller axis (118), rotating the drying roller
(110) about the drying-roller axis (118). Such method
further involves rotating thecompaction roller (102)about
the compaction-roller axis (168) in response to rotating of
thedrying roller (110),moving the compaction roller (102)
in a drying direction (172) that is perpendicular to the
drying-roller axis (118) in response to rotating the drying
roller (110), and transferring the cleaning fluid (134) and
the debris (166) from the compaction roller (102) to the
drying roller (110) while rotating the drying roller (110).
[0129] Preferably, the cleaning fluid (134) and the deb-
ris (166) from the scrubbing roller (106) is collected in a
scrubbing reservoir (130). Optionally, the cleaning fluid
(134) is contained in the scrubbing reservoir (130), and
the cleaning fluid (134) is applied to the scrubbing roller
(106) comprises submerging a portion of the scrubbing
roller (106) in the cleaning fluid (134) contained in the
scrubbing reservoir (130) while rotating the scrubbing
roller (106). Furthermore, themethod preferably involves
the steps of removing the cleaning fluid (134) and the
debris (166) from the scrubbing roller (106) using a
scrubbingwiper (122) that is in contactwith the scrubbing
roller (106), and directing the cleaning fluid (134) and the
debris (166) from the scrubbing wiper (122) to the scrub-
bing reservoir (130). The cleaning fluid (134) and the
debris (166) from the drying roller (110) is preferably
collected in a drying reservoir (132). As an optional next
step the the cleaning fluid (134) and the debris (166) from
the drying roller (110) is removed using a drying wiper
(126) that is in contact with the drying roller (110), the
cleaning fluid (134) and the debris (166) from the drying

wiper (126) are preferably directed to the drying reservoir
(132).
[0130] In the illustrated embodiment(s), the debris
(166) comprises particles of the ceramic matrix (206)
of a ceramic matrix composite material (200) that is
compacted using the compaction roller (102), and/or
fragments of a ceramic reinforcement (204) of the cera-
mic matrix composite material (200). The ceramic matrix
(206) may comprise at least one of a carbon matrix, a
silicon carbide matrix, an alumina matrix, an alumina
silica matrix, an aluminum nitride matrix, a silicon nitride
matrix, a mullite matrix, a geo-polymer matrix and a
zirconia matrix; and/or the ceramic reinforcement (204)
maycompriseat least oneofcarbon reinforcement fibers,
silicon carbide reinforcement fibers, alumina reinforce-
ment fibers, alumina silica reinforcement fibers, alumi-
num nitride reinforcing fibers, silicon nitride reinforce-
ment fibers, mullite reinforcement fibers, silica/quartz
reinforcement fibers, basalt reinforcement fibers, and
zirconia reinforcement fibers.
[0131] A method (1000) for cleaning a ceramic matrix
(206) from a compaction roller (102) according to an
embodiment of the present application (see figures)
comprises the step of applying a cleaning fluid (134) to
the compaction roller (102), and then scrubbing the
compaction roller (102) to remove ceramic particles
(208) of the ceramic matrix (206) from a compaction-
roller surface (104) of the compaction roller (102), and
drying the compaction roller (102) to remove the cleaning
fluid (134) from the compaction-roller surface (104). In
such method drying the compaction roller (102) prefer-
ably comprises placing the compaction roller (102) in
contact with a drying roller (110) such that a compac-
tion-roller axis (168) of the compaction roller (102) is
oblique to a drying-roller axis (118) of the drying roller
(110),wherein,with the compaction roller (102) in contact
with the drying roller (110) and the compaction-roller axis
(168) oblique to the drying-roller axis (118), rotating the
drying roller (110) about the drying-roller axis (118). As a
further step in such method this may involve rotating the
compaction roller (102) about the compaction-roller axis
(168) in response to rotating of the drying roller (110),
moving the compaction roller (102) in a drying direction
(172) that is perpendicular to thedrying-roller axis (118) in
response to rotating the drying roller (110), and transfer-
ring the cleaning fluid (134) and debris (166) from the
compaction roller (102) to the drying roller (110) while
rotating the drying roller (110).
[0132] A system (100) for cleaning a ceramic matrix
(206) from a compaction roller (102) according to an
embodiment of the present application (see figures)
comprises a scrubbing roller (106) configured to rotating
about a scrubbing-roller axis (114) to apply a cleaning
fluid (134) to the compaction roller (102) and to removing
debris (166) from the compaction roller (102), a drying
roller (110) configured to rotating about a drying-roller
axis (118) to remove the cleaning fluid (134) and the
debris (166) fromthecompaction roller (102).Thesystem
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is preferably configured to enable the scrubbing roller
106 and the drying roller 110 to rotate. In such system,
with the compaction roller (102) placed in contactwith the
scrubbing roller (106) and the scrubbing-roller axis (114)
oblique to a compaction-roller axis (168) of the compac-
tion roller (102), as a result of the rotation of the scrubbing
roller (106) about the scrubbing-roller axis (114) the
compaction roller (102) rotates about the compaction-
roller axis (168) andmoves the compaction roller (102) in
a scrubbing direction (170) that is perpendicular to the
scrubbing-roller axis (114). In such system, with the
compaction roller (102) placed in contact with the drying
roller (110) and the drying-roller axis (118) oblique to the
compaction-roller axis (168) of the compaction roller
(102), rotation of the drying roller (110) about the dry-
ing-roller axis (118) results in rotation of the compaction
roller (102) about the compaction-roller axis (168) and
moves the compaction roller (102) in a drying direction
(172) that is perpendicular to the drying-roller axis (118).
[0133] Suchsystem (100)preferably further comprises
a scrubbing reservoir (130) configured to provide the
cleaning fluid (134) to the scrubbing roller (106) and to
collecting the cleaning fluid (134) and the debris (166)
removed from the scrubbing roller (106), and further
preferably comprises a drying reservoir (132) configured
to collect the cleaning fluid (134) and the debris (166)
removed from the drying roller (110). Optionally, the
system is provided with a scrubbing wiper (122) that is
configured to be in contact with the scrubbing roller (106)
to remove the cleaning fluid (134) and the debris (166)
from the scrubbing roller (106) and is configured to direct
the cleaning fluid (134) and the debris (166) into the
scrubbing reservoir (130). Also optionally, the system
is provided with a drying wiper (126) that is configured
to be in contact with the drying roller (110) to remove the
cleaning fluid (134) and the debris (166) from the drying
roller (110) and is configured to direct the cleaning fluid
(134) and the debris (166) into the drying reservoir (132).
An even further option is providing a source (152) of the
cleaning fluid (134) that is configured to be in fluid com-
munication with the scrubbing reservoir (130) and the
drying reservoir (132). Other options include providing
the system with a pump (154) configured to transfer the
cleaning fluid (134) from the source (152) to the scrub-
bing reservoir (130) and the drying reservoir (132), and
with a filter (156) configured to separate the debris (166)
from the cleaning fluid (134) in the source (152). A further
option involves providing the system with a blower (146)
that is located adjacent to the drying roller 110 and that is
configured to direct a gas (148) on the drying roller (110),
andaheater (150) that is configured toheat thegas (148).
It will be understood that these options can be applied
separately or in different combinations.
[0134] The preceding detailed description refers to the
accompanying drawings, which illustrate specific exam-
ples described by the present disclosure. Other exam-
ples having different structures and operations do not
depart from the scope of the present disclosure. Like

reference numerals may refer to the same feature, ele-
ment, or component in the different drawings. Through-
out the present disclosure, any one of a plurality of items
may be referred to individually as the item and a plurality
of items may be referred to collectively as the items and
may be referred to with like reference numerals. More-
over, as used herein, a feature, element, component, or
step preceded with the word "a" or "an" should be under-
stood as not excluding a plurality of features, elements,
components, or steps, unless such exclusion is explicitly
recited.
[0135] Illustrative, non-exhaustive examples, which
may be, but are not necessarily, claimed, of the subject
matter according to the present disclosure are provided
above. Reference herein to "example"means that one or
more feature, structure, element, component, character-
istic, and/or operational stepdescribed inconnectionwith
the example is included in at least one aspect, embodi-
ment, and/or implementation of the subject matter ac-
cording to the present disclosure. Thus, the phrases "an
example," "another example," "one or more examples,"
and similar language throughout the present disclosure
may, but do not necessarily, refer to the same example.
Further, the subject matter characterizing any one ex-
ample may, but does not necessarily, include the subject
matter characterizing any other example. Moreover, the
subject matter characterizing any one example may be,
but is not necessarily, combined with the subject matter
characterizing any other example.
[0136] As used herein, a system, apparatus, device,
structure, article, element, component, or hardware "con-
figured to" perform a specified function is indeed capable
of performing the specified function without any altera-
tion, rather than merely having potential to perform the
specified function after further modification. In other
words, the system, apparatus, device, structure, article,
element, component, or hardware "configured to" per-
forma specified function is specifically selected, created,
implemented, utilized, programmed, and/or designed for
the purpose of performing the specified function. As used
herein, "configured to" denotes existing characteristics of
a system, apparatus, structure, article, element, compo-
nent, or hardware that enable the system, apparatus,
structure, article, element, component, or hardware to
perform the specified function without further modifica-
tion. For purposes of this disclosure, a system, appara-
tus, device, structure, article, element, component, or
hardware described as being "configured to" perform a
particular function may additionally or alternatively be
described as being "adapted to" and/or as being "opera-
tive to" perform that function.
[0137] Unless otherwise indicated, the terms "first,"
"second," "third," etc. are used herein merely as labels,
and are not intended to impose ordinal, positional, or
hierarchical requirements on the items to which these
terms refer. Moreover, reference to, e.g., a "second" item
doesnot requireorpreclude theexistenceof, e.g., a "first"
or lower-numbered item, and/or, e.g., a "third" or higher-
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numbered item.
[0138] As used herein, the phrase "at least one of,"
when used with a list of items, means different combina-
tions of one or more of the listed items may be used and
only one of each item in the list may be needed. For
example, "at least one of item A, item B, and itemC"may
include, without limitation, item A or item A and item B.
Thisexamplealsomay include itemA, itemB,and itemC,
or item B and item C. In other examples, "at least one of’
may be, for example,without limitation, twoof itemA, one
of item B, and ten of item C; four of item B and seven of
itemC; and other suitable combinations. As used herein,
the term "and/or" and the "/" symbol includes any and all
combinations of one or more of the associated listed
items.
[0139] For the purpose of this disclosure, the terms
"coupled," "coupling," and similar terms refer to two or
more elements that are joined, linked, fastened, at-
tached, connected, put in communication, or otherwise
associated (e.g., mechanically, electrically, fluidly, opti-
cally, electromagnetically) with one another. In various
examples, the elements may be associated directly or
indirectly. As an example, element A may be directly
associatedwith element B. As another example, element
A may be indirectly associated with element B, for ex-
ample, via another element C. It will be understood that
not all associations among the various disclosed ele-
ments are necessarily represented. Accordingly, cou-
plings other than those depicted in the figures may also
exist.
[0140] As used herein, the term "approximately" refers
to or represents a condition that is close to, but not
exactly, the stated condition that still performs thedesired
function or achieves the desired result. As an example,
the term "approximately" refers to a condition that is
within an acceptable predetermined tolerance or accu-
racy, suchas toa condition that iswithin 10%of the stated
condition. However, the term "approximately" does not
excludeacondition that is exactly thestated condition.As
used herein, the term "substantially" refers to a condition
that is essentially the stated condition that performs the
desired function or achieves the desired result.
[0141] Figs. 2‑6 and 8, referred to above, may repre-
sent functional elements, features, or components there-
of and do not necessarily imply any particular structure.
Accordingly, modifications, additions and/or omissions
may be made to the illustrated structure. Additionally,
those skilled in the art will appreciate that not all ele-
ments, features, and/or components described and illu-
strated in Figs. 2‑6 and 8, referred to above, need be
included in every example and not all elements, features,
and/or components described herein are necessarily
depicted in each illustrative example. Accordingly, some
of the elements, features, and/or components described
and illustrated in Figs. 2‑6 and 8 may be combined in
various ways without the need to include other features
described and illustrated in Figs. 2‑6and8, other drawing
figures, and/or the accompanying disclosure, even

though such combination or combinations are not expli-
citly illustrated herein. Similarly, additional features not
limited to theexamplespresented,maybecombinedwith
some or all of the features shown and described herein.
Unless otherwise explicitly stated, the schematic illustra-
tions of the examples depicted in Figs. 2‑6 and8, referred
to above, are notmeant to imply structural limitationswith
respect to the illustrative example. Rather, although one
illustrative structure is indicated, it is to be understood
that the structure may be modified when appropriate.
Accordingly, modifications, additions and/or omissions
may be made to the illustrated structure. Furthermore,
elements, features, and/or components that serve a si-
milar, or at least substantially similar, purposeare labeled
with like numbers in each of Figs. 2‑6 and 8, and such
elements, features, and/or components may not be dis-
cussed in detail herein with reference to each of Figs. 2‑6
and 8. Similarly, all elements, features, and/or compo-
nents may not be labeled in each of Figs. 2‑6 and 8, but
reference numerals associated therewithmay be utilized
herein for consistency.
[0142] In Figs. 1 and 7, referred to above, the blocks
may represent operations, steps, and/or portions thereof
and lines connecting the various blocks do not imply any
particular order or dependency of the operations or por-
tions thereof. It will be understood that not all dependen-
cies among the various disclosed operations are neces-
sarily represented. Figs. 1 and 7 and the accompanying
disclosure describing the operations of the disclosed
methods set forth herein should not be interpreted as
necessarily determining a sequence in which the opera-
tions are to be performed. Rather, although one illustra-
tive order is indicated, it is to be understood that the
sequence of the operations may be modified when ap-
propriate. Accordingly, modifications, additions and/or
omissions may be made to the operations illustrated
and certain operations may be performed in a different
order or simultaneously. Additionally, those skilled in the
art will appreciate that not all operations described need
be performed.
[0143] Further, references throughout the present spe-
cification to features, advantages, or similar language
used herein do not imply that all of the features and
advantages that may be realized with the examples dis-
closed herein should be, or are in, any single example.
Rather, language referring to the features and advan-
tages is understood to mean that a specific feature,
advantage, or characteristic described in connectionwith
an example is included in at least one example. Thus,
discussionof features, advantages, andsimilar language
used throughout thepresent disclosuremay,but doesnot
necessarily, refer to the same example.
[0144] The described features, advantages, and char-
acteristics of one example may be combined in any
suitable manner in one or more other examples. One
skilled in the relevant art will recognize that the examples
describedhereinmaybepracticedwithout oneormoreof
the specific features or advantages of a particular exam-
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ple. In other instances, additional features and advan-
tages may be recognized in certain examples that may
not be present in all examples. Furthermore, although
various examples of the system 100 and the method
1000 have been shown and described, modifications
may occur to those skilled in the art upon reading the
specification. The present application includes such
modifications and is limited only by the scope of the
claims.

Claims

1. Amethod (1000) for cleaning a ceramic matrix (206)
from a compaction roller (102), the method (1000)
comprising:

applying a cleaning fluid (134) to a scrubbing
roller (106) and/or applyinga cleaningfluid (134)
to the compaction roller (102);
placing the compaction roller (102) in contact
with the scrubbing roller (106) such that a com-
paction-roller axis (168) of the compaction roller
(102) is oblique toascrubbing-roller axis (114) of
the scrubbing roller (106);
with the compaction roller (102) in contact with
the scrubbing roller (106) and the compaction-
roller axis (168) oblique to the scrubbing-roller
axis (114), rotating the scrubbing roller (106)
about the scrubbing-roller axis (114);
rotating the compaction roller (102) about the
compaction-roller axis (168) in response to ro-
tating of the scrubbing roller (106);
moving the compaction roller (102) in a scrub-
bing direction (170) that is non-parallel to the
scrubbing-roller axis (114) in response to rotat-
ing the scrubbing roller (106);
transferring the cleaning fluid (134) from the
scrubbing roller (106) to the compaction roller
(102) while rotating the scrubbing roller (106);
and
transferring debris (166) from the compaction
roller (102) to the scrubbing roller (106) while
rotating the scrubbing roller (106).

2. The method (1000) of claim 1, further comprising:

placing the compaction roller (102) in contact
with a drying roller (110) such that the compac-
tion-roller axis (168) of the compaction roller
(102) is oblique to a drying-roller axis (118) of
the drying roller (110);
with the compaction roller (102) in contact with
the drying roller (110) and the compaction-roller
axis (168) oblique to the drying-roller axis (118),
rotating the drying roller (110) about the drying-
roller axis (118);
rotating the compaction roller (102) about the

compaction-roller axis (168) in response to ro-
tating of the drying roller (110);
moving the compaction roller (102) in a drying
direction (172) that is perpendicular to the dry-
ing-roller axis (118) in response to rotating the
drying roller (110); and
transferring the cleaning fluid (134) and the
debris (166) from the compaction roller (102)
to the drying roller (110) while rotating the drying
roller (110).

3. Themethod (1000) of claim1or 2, further comprising
collecting the cleaning fluid (134) and the debris
(166) from the scrubbing roller (106) in a scrubbing
reservoir (130).

4. The method (1000) of claim 3, wherein:

the cleaning fluid (134) is contained in the scrub-
bing reservoir (130); and
applying the cleaning fluid (134) to the scrubbing
roller (106) comprises submerging a portion of
the scrubbing roller (106) in the cleaning fluid
(134) contained in the scrubbing reservoir (130)
while rotating the scrubbing roller (106), and/or

wherein:

removing the cleaning fluid (134) and the debris
(166) from the scrubbing roller (106) using a
scrubbing wiper (122) that is in contact with
the scrubbing roller (106); and
directing the cleaning fluid (134) and the debris
(166) from the scrubbing wiper (122) to the
scrubbing reservoir (130).

5. The method (1000) of any of the preceding claims
2‑4, as far as dependent on claim 2, further compris-
ing collecting the cleaning fluid (134) and the debris
(166) from the drying roller (110) in a drying reservoir
(132).

6. The method (1000) of claim 5, further comprising:

removing the cleaning fluid (134) and the debris
(166) from the drying roller (110) using a drying
wiper (126) that is in contactwith thedrying roller
(110); and
directing the cleaning fluid (134) and the debris
(166) from the drying wiper (126) to the drying
reservoir (132).

7. The method (1000) of any of the preceding claims,
wherein the debris (166) comprises:

particles of the ceramicmatrix (206) of a ceramic
matrix composite material (200) that is com-
pacted using the compaction roller (102); and/or
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fragments of a ceramic reinforcement (204) of
the ceramic matrix composite material (200).

8. The method (1000) of claim 7, wherein:

the ceramic matrix (206) comprises at least one
of a carbon matrix, a silicon carbide matrix, an
alumina matrix, an alumina silica matrix, an
aluminum nitride matrix, a silicon nitride matrix,
a mullite matrix, a geo-polymer matrix and a
zirconia matrix; and/or
the ceramic reinforcement (204) comprises at
least one of carbon reinforcement fibers, silicon
carbide reinforcement fibers, alumina reinforce-
ment fibers, alumina silica reinforcement fibers,
aluminum nitride reinforcing fibers, silicon ni-
tride reinforcement fibers, mullite reinforcement
fibers, silica/quartz reinforcement fibers, basalt
reinforcement fibers, andzirconia reinforcement
fibers.

9. The method (1000) of any of the preceding claims,
the method (1000) further comprising:

scrubbing the compaction roller (102) to remove
ceramic particles (208) of the ceramic matrix
(206) from a compaction-roller surface (104)
of the compaction roller (102); and
drying the compaction roller (102) to remove the
cleaning fluid (134) from the compaction-roller
surface (104).

10. The method (1000) of claim 9, wherein drying the
compaction roller (102) comprises:

placing the compaction roller (102) in contact
with a drying roller (110) such that a compaction-
roller axis (168) of the compaction roller (102) is
oblique to a drying-roller axis (118) of the drying
roller (110);
with the compaction roller (102) in contact with
the drying roller (110) and the compaction-roller
axis (168) oblique to the drying-roller axis (118),
rotating the drying roller (110) about the drying-
roller axis (118);
rotating the compaction roller (102) about the
compaction-roller axis (168) in response to ro-
tating of the drying roller (110);
moving the compaction roller (102) in a drying
direction (172) that is perpendicular to the dry-
ing-roller axis (118) in response to rotating the
drying roller (110); and
transferring the cleaning fluid (134) and debris
(166) from the compaction roller (102) to the
drying roller (110) while rotating the drying roller
(110).

11. A system (100) configured for cleaning a ceramic

matrix (206) from a compaction roller (102), the
system (100) comprising:

a scrubbing roller (106) configured to rotating
about a scrubbing-roller axis (114) to apply a
cleaning fluid (134) to the compaction roller
(102) and to removing debris (166) from the
compaction roller (102);
a drying roller (110) configured to rotating about
a drying-roller axis (118) to remove the cleaning
fluid (134) and the debris (166) from the com-
paction roller (102),
wherein the system is configured to:

with the compaction roller (102) placed in
contact with the scrubbing roller (106) and
the scrubbing-roller axis (114) oblique to a
compaction-roller axis (168) of the compac-
tion roller (102), rotation of the scrubbing
roller (106) about the scrubbing-roller axis
(114) rotates the compaction roller (102)
about the compaction-roller axis (168)
and moves the compaction roller (102) in
a scrubbing direction (170) that is perpen-
dicular to the scrubbing-roller axis (114);
and
with the compaction roller (102) placed in
contact with the drying roller (110) and the
drying-roller axis (118) oblique to the com-
paction-roller axis (168) of the compaction
roller (102), rotation of the drying roller (110)
about the drying-roller axis (118) rotates the
compaction roller (102) about the compac-
tion-roller axis (168) and moves the com-
paction roller (102) in a drying direction
(172) that is perpendicular to the drying-
roller axis (118).

12. The system (100) of claim 11, further comprising:

a scrubbing reservoir (130) configured to provid-
ing the cleaning fluid (134) to the scrubbing roller
(106) and that to collecting the cleaning fluid
(134) and the debris (166) removed from the
scrubbing roller (106); and
a drying reservoir (132) configured to collect the
cleaning fluid (134) and the debris (166) re-
moved from the drying roller (110).

13. The system (100) of claim 12, further comprising a
scrubbing wiper (122) that is configured to be in
contact with the scrubbing roller (106) to remove
the cleaning fluid (134) and the debris (166) from
the scrubbing roller (106) and is configured to direct
the cleaning fluid (134) and the debris (166) into the
scrubbing reservoir (130), and/or
further comprising a drying wiper (126) that is con-
figured to be in contact with the drying roller (110) to
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remove the cleaning fluid (134) and the debris (166)
from the drying roller (110) and is configured to direct
the cleaning fluid (134) and the debris (166) into the
drying reservoir (132).

14. The system (100) of any of the preceding claims
12‑13, further comprising a source (152) of the
cleaning fluid (134) that is configured to be in fluid
communication with the scrubbing reservoir (130)
and the drying reservoir (132), and/or
further comprising a pump (154) configured to trans-
fer the cleaning fluid (134) from the source (152) to
the scrubbing reservoir (130) and the drying reser-
voir (132).

15. The system (100) of any of the preceding claims
12‑14, further comprising a filter (156) configured
to separate the debris (166) from the cleaning fluid
(134) in the source (152), and/or further comprising:

a blower (146) that is located adjacent to the
drying roller 110 and that is configured to direct a
gas (148) on the drying roller (110); and
a heater (150) that is configured to heat the gas
(148).
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