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(57) ABSTRACT

A method of making a rub strip includes resin transfer
molding an arcuate composite structure. The resin transfer
molding step includes inserting a honeycomb core into a
mold cavity having an arcuate base so that the honeycomb
core assumes an arcuate shape. The resin transfer molding
step further includes directing liquid resin into the mold
cavity to form the composite structure comprising the liquid
resin and the honeycomb core, and curing the liquid resin for
a sufficient period of time. The resin transfer molding step
further includes removing the composite structure from the
mold. The method further includes repeating the resin trans-
fer molding step until a sufficient number of arcuate com-
posite structures are produced. The method further includes
coupling a plurality of the arcuate composite structures
together to form the rub strip.
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RESIN TRANSFER MOLDING PROCESS

PRIORITY

[0001] This application claims priority to Provisional
Application No. 62/192,368, entitled “RESIN TRANSFER
MOLDING PROCESS,” filed Jul. 14, 2015, the disclosure
of which is incorporated by reference herein in its entirety.

BACKGROUND

[0002] A rub strip is a structure placed on the inside of an
engine casing that rotating turbine blades may contact when
rotating off axis. Rub strips are configured to be damaged
due to such contact by the turbine blades, with such damage
providing an indication to mechanics and other personnel
that the engine may not be functioning properly. Once
damaged, however, rub strips may affect air flow within the
turbine engine and must be removed upon being damaged.
Conventional rub strip manufacturing is done by hand
spreading, pressing, and troweling a resin into individual
cells of a honeycomb core. Typical manufacturer recom-
mended application of the resin or potting compound is done
by a spatula or trowel. This current process is prone to result
in a rub strip having a non-uniform surface finish and
countless voids. Some of these issues are a product of human
error; others are simply due to the properties of the materials
used, the difficulties using them, and the shortcomings of the
process. For example, the epoxy material used is thick and
it is difficult to spread and trowel by hand to ensure that each
cell of the honeycomb core is filled a sufficient amount,
increasing the possibility of pockets of air being left within
the cured epoxy. Because the honeycomb core is essentially
a paper-like structure, it can be easily deformed during this
application process, further resulting in distorted or broken
honeycomb core cells, voids, or other defects. Moreover,
due to the large size of the rub strip, the laborious nature of
spreading the epoxy across the surface area of the core, and
the material properties of the epoxy itself, some portions of
the epoxy cure before portions which are later applied.
Where uncured epoxy must be layered or added onto cured
epoxy, voids and defects are very common due to the limited
ability of a new layer of epoxy to bond to already-cured
epoxy. It is therefore desirable to address these and other
shortcomings of the fabrication of rub strips and of other
composite parts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] While the application concludes with claims which
particularly point out and distinctly claim this technology, it
is believed this technology will be better understood from
the following description of certain examples taken in
conjunction with the accompanying drawings, in which like
reference numerals identify the same elements and in which:
[0004] FIG. 1 depicts a schematic view of an example of
a resin transfer molding system.

[0005] FIG. 2 depicts a perspective view of an exemplary
mold of the system of FIG. 1.

[0006] FIG. 3 depicts a perspective view of a base of the
mold of FIG. 2.

[0007] FIG. 4 depicts a top elevational view of a lid of the
mold of FIG. 2.

[0008] FIG. 5 depicts a bottom elevational view of the lid
of the mold of FIG. 2.
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[0009] FIG. 6 depicts a perspective view of the lid of the
mold of FIG. 2.

[0010] FIG. 7A depicts an exploded cross-sectional view,
taken along line 7-7 of FIG. 2, showing the mold of FIG. 2,
a honeycomb core, and layers of peel ply fabric and glass
cloth.

[0011] FIG. 7B depicts a cross-sectional view, taken along
line 7-7 of FIG. 2, showing the mold of FIG. 2 and the
honeycomb core, peel ply fabric, and glass cloth of FIG. 7A.
[0012] FIG. 8A depicts a detailed view of the mold,
honeycomb core, and layers of peel ply fabric and glass
cloth of FIG. 7A.

[0013] FIG. 8B depicts a detailed view of the mold,
honeycomb core, and layers of peel ply fabric and glass
cloth of FIG. 7A, showing resin having been injected into
the mold.

[0014] FIG. 9 depicts a perspective view of honeycomb
core and resin composite.

[0015] FIG. 10 depicts a side view of the honeycomb core
and resin composite of FIG. 9.

[0016] FIG. 11A is a flow chart depicting various steps for
a method of resin transfer molding a composite.

[0017] FIG. 11B is a flow chart depicting additional steps
for the method of resin transfer molding a composite as
shown in FIG. 11A.

[0018] FIG. 12 is a flow chart depicting various steps of a
method for manufacturing and replacing a rub strip of a
turbine engine.

[0019] FIG. 13 is a flow chart depicting various steps of a
method for replacing a portion of a rub strip of a turbine
engine.

DETAILED DESCRIPTION

[0020] The following description of certain examples of
the technology should not be used to limit its scope. Other
examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in
the art from the following description, which is by way of
illustration, one of the best modes contemplated for carrying
out the technology. As will be realized, the technology
described herein is capable of other different and obvious
aspects, all without departing from the technology. Accord-
ingly, the drawings and descriptions should be regarded as
illustrative in nature and not restrictive.

[0021] It is further understood that any one or more of the
teachings, expressions, embodiments, examples, etc.
described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples,
etc. that are described herein. The following-described
teachings, expressions, embodiments, examples, etc. should
therefore not be viewed in isolation relative to each other.
Various suitable ways in which the teachings herein may be
combined will be readily apparent to those of ordinary skill
in the art in view of the teachings herein. Such modifications
and variations are intended to be included within the scope
of the claims.

[0022] The shortcomings of the current processes and
methods of replacing portions of or entire rub strips of
turbine engines are addressed by the disclosure herein which
provides an automated process for manufacturing or replac-
ing entire rub strips, or portions thereof, for turbine engine
casings. While the disclosure discusses the manufacturing
and assembly of rub strips for turbine engine casings, it will
be understood that the process may be utilized for manu-
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facturing rub strips suitable for use in other machines or
devices, or for manufacturing composite structures and
products other than rub strips. As described herein, rather
than performing a process that results in voids and other
defects, resin transfer molding processes and methods may
be utilized in order to manufacture portions of rub strips. As
discussed in further detail below, such portions may be for
replacing entire rub strips or portions thereof. FIG. 1 depicts
a schematic of an exemplary resin transfer molding system
(10) that is suitable for manufacturing such components. As
shown, the system (10) includes a computer (12) that is in
communication with the other components of system (10)
and that includes software configured to control the system
(10). As shown, computer (12) includes a display (14). In the
present example, computer (12) is configured to display
information regarding the resin transfer molding process. In
the example shown, computer includes input controls (16)
(e.g., buttons) which may be used to control computer (12)
and other portions of system (10). In other examples,
computer (12) may include a keyboard, mouse, and other
input components that will be apparent to persons skilled in
the art in view of the teachings herein. System (10) includes
an injection machine (18) that is suitable for a resin transfer
molding process as described herein. As shown, injection
machine (18) includes an injection cylinder (20) and a piston
(22) connected to a linear actuator (24). Linear actuator (24)
is configured to advance piston (22) linearly to force resin
(15) from the injection cylinder (20). In other examples,
however, piston (22) may be advanced in other manners,
such as by a threaded advancement actuator. Other suitable
configurations of injection machine (18) and manners of
advancing piston (22) to inject resin (15) from injection
machine (18) will be apparent to persons skilled in the art in
view of the teachings herein.

[0023] System (10) includes a conduit (26) extending from
injection machine (18) which may be connected to mold
(28). Conduit (26) includes a valve (30) between injection
machine (18) and mold (28) that may be opened to allow
fluid communication between injection cylinder (20) and
mold (28). Similarly, valve (30) may be closed in order to
prevent fluid communication between injection cylinder
(20) and mold (28). System (10) further includes a vacuum
pump (32) and a vacuum transducer (34). Vacuum trans-
ducer (34) is in communication with computer (12) in order
to display vacuum levels of vacuum pump (32) on computer
(12). As shown, system includes a conduit (36) extending
between vacuum pump (32) and mold (28). Conduit (36)
includes a valve (38) that may be opened to allow fluid
communication between vacuum pump (32) and mold (28).
Similarly, valve (38) may be closed to prevent fluid com-
munication between pump (32) and mold (28). In the
example shown, when both valves (30, 38) are open,
vacuum pump (32) may be fluidly communicated with both
injection cylinder (20) and mold (28). Thus, when vacuum
pump (32) is operated (e.g., via control by computer (12)
and transducer (34)), a vacuum may be applied to both
injection cylinder (20) and mold (28) to remove air from
those components. In the example shown, however, an
additional conduit (40) is provided and fluidly communi-
cates vacuum pump (32) and injection cylinder (20). Con-
duit (40) includes a valve (42) which, when open, allows
fluid communication between vacuum pump (32) and injec-
tion cylinder (20), and when closed, prevents fluid commu-
nication between vacuum pump (32) and injection cylinder
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(20). Accordingly, a vacuum can be applied only to injection
cylinder (20), or only to mold (28), or to both of injection
cylinder (20) and mold (28) by selectively opening and
closing valves (30, 38, 42) during operation of vacuum
pump (32). In the example shown, valves (30, 38, 42) are
ball valves. In other examples, however, one or more of
valves (30, 38, 42) may be other suitable types of valves that
will be apparent to persons skilled in the art in view of the
teachings herein. In the present example, valves (38, 40, 42)
may be opened and closed manually. However, in other
examples, one or more of valves (38, 40, 42) may be in
communication with computer (12), for example, and may
be opened or closed automatically in response to certain
inputs or parameters received by computer (12). Other
suitable manners of controlling valves (38, 40, 42) will be
apparent to persons skilled in the art in view of the teachings
herein.

[0024] Conduits (26, 36, 40) of the present example may
be any suitable types of conduits. In the present example,
conduits (36, 40) comprise piping with a flow path diameter
of about %4 inch and are made of suitable materials such as
copper or nylon, or other suitable materials that are non-
porous and rigid enough not to collapse under the required
vacuum level(s) associated with the processes describe
herein. In one example, conduit (26) comprises a diameter of
about 1 inch and may be formed from schedule 40 and/or
schedule 80 PVC. In any examples, conduits (26, 36, 40)
may comprise any suitable materials and include fittings that
are suitable to withstand pressures associated with a resin
transfer molding process described herein.

[0025] FIGS. 2-8B shows an exemplary mold (110) that
may be incorporated into a resin transfer molding system,
such as system (10) described above. Accordingly, mold
(110) may be incorporated into system (10) in place of mold
(28). As shown, mold (110) includes a base (112) and a lid
(114). Base (112) includes a generally rectangular shape. In
the present example, base (112) includes a cavity portion
(116) that, when lid (114) is placed on base (112), forms part
of a mold cavity (118). In the present example, bottom
surface (120) of cavity portion (116) is a curved surface
including a radius that generally corresponds to the outer
radius of a finished part that results from a resin transfer
molding process using mold (110).

[0026] As shown, base (112) includes an O-ring channel
(122) positioned outward of cavity portion (116) that is
configured to receive an O-ring (124) (FIG. 7B). O-ring
(124) includes a shape generally corresponding to the shape
of channel (122) and provides a seal preventing fluid from
entering into, or escaping from, mold cavity (118). Base
(112) also includes a channel (128) adjacent to cavity
portion (116) that receives a correspondingly shaped core
insert portion (130) of lid (114), as described in further detail
below.

[0027] In the present example, lid (114) includes a gen-
erally rectangular shape and is configured to be assembled
with base (112) to form mold (110). Lid (114) includes an
outer portion (132) having a plurality of apertures (134)
which extend through lid (114) and which correspond to
apertures (117) of base (112). Lid (114) also includes an
inner portion (133) defining a curved surface (136) that
extends concentrically relative to bottom surface (120) of
base (112) when base (112) and lid (114) are assembled. As
shown, lid (114) includes core insert portion (130) which is
configured to be inserted into channel (128) in order to
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assemble base (112) and lid (114) together. Lid (114) and
base (112) may thereby be assembled and fixedly coupled to
one another by a plurality of fasteners (138), such as screws.
[0028] Lid (114) includes an opening (140) including a
fitting (142) that is configured to be coupled to conduit (26)
and injection machine (18) to thereby fluidly connect mold
cavity (118) and injection machine (18). Fitting (142) may
be any type of fitting that is suitable to connect to conduit
(26) and that is configured to withstand the pressures and
other parameters associated with the resin transfer molding
process as described herein. In the example shown, opening
(140) is in the center of lid (114). As shown, opening (140)
and fitting (142) extend along an axis (139). Lid (114)
further includes openings (141a, 14156) with corresponding
fittings (143a, 143b) that enable cavity (118) to be fluidly
communicated via conduits with a vacuum pump, such as
via conduit (36) to vacuum pump (32). While lid (114) of the
present example is shown to includes two openings (141a,
1415) with two corresponding fittings, lid (114) may include
any suitable number of openings and fittings to be commu-
nicated with a vacuum pump with a corresponding number
or configuration of conduits.

[0029] Inner portion (133) includes a plurality of projec-
tions (145a-¢) extending therefrom. In the present example,
and as discussed in further detail below, projections (145a-¢)
are configured to maintain the position of a core positioned
within mold cavity (118) as resin (15) is being injected into
the mold cavity (118). Moreover, projections (145a-¢) are
configured and positioned to direct the flow of fluid radially
outwardly from opening (140) and evenly across mold
cavity (118), as also discussed in further detail below.
Projections (145a-¢) extend from inner portion (133) such
that the free ends of each projection, respectively, extend
along a curved plane (217) (FIG. 8A) that is concentric to
both the bottom surface (120) of base (112) and curved
surface (136) of lid (114). In the example shown, projections
(145a) extend perpendicular to a first axis (147a) extending
through center of lid (114) and parallel (and coincident) to
a second axis (147b) extending through center of lid (114).
More particularly, the longitudinal axes of projections
(145a) extend perpendicular to first axis (147a) and parallel
(and coincident) to second axis (147b) extending through
center of lid (114). As shown, projections (145b-¢) extend
parallel to first axis (147a) and perpendicular to axis (1475).
In other examples, projections (145a-¢) may be configured
in a different manner. For example, the dimensions, orien-
tations, and other characteristics of projections (145a-¢) may
be altered depending on the viscosity of the resin used, the
material properties of core (214), and other factors that will
be apparent to persons skilled in the art in view of the
teachings herein.

[0030] System (10) may be utilized to make a resin
transfer molded product or material. Particularly, system
(10) may be utilized to make a composite material by
inserting a core of material into mold (28, 110) and injecting
a resin (15) into mold (28, 110). More particularly, system
(10) incorporating mold (110), may be utilized to make a
composite material, such as a composite material that may
be used as a rub strip for use in aircraft engines. FIGS.
7A-8B and 11A-11B show particular steps of making a
composite with a resin transfer molding process. It will be
understood that the steps need not necessarily be performed
in the order shown. Moreover, in some methods, some of the
steps may be omitted or optional. Furthermore, other steps
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that may be performed in such a process or method will be
apparent to persons skilled in the art in view of the teachings
herein.

[0031] As shown, in order to make a composite material,
a layer of glass fabric (210) including a shape that generally
corresponds to the shape of cavity portion (116) is placed on
bottom surface (120) as a vacuum breather path (block 402).
Next, a layer of polyester release ply (also referred to as
“peel ply fabric”) (212), including a shape that generally
corresponds to the shape of cavity portion (116), is placed on
top of the glass fabric (210) (block 402). A material core
(214) including a shape that generally corresponds to the
shape of the cavity portion (116) may then be inserted into
cavity portion on top of glass fabric (210) and peel ply fabric
(212) (block 406). Glass fabric (210) and peel ply fabric
(212) thereby will act as a barrier between bottom surface
(120) of mold cavity (116) and the composite material after
resin (15) has been injected into mold cavity (118). The outer
surface, or bond surface of the composite material, may be
improved due to the glass fabric (210) and peel ply fabric
(212) when compared to conventional material application
methods. Particularly, glass fabric (210) and peel ply fabric
(212) act to separate the bonding surface of the composite
part from mold release agents, and also to protect the bond
surface from environmental contaminates during post-mold-
ing fabrication. In some examples, core (214) may be
pretreated before being utilized in a resin transfer molding
(RTM) process (404). For example, core (214) may be
wiped with a clean cloth that is dampened with isopropyl
alcohol. Core (214) may then be preheated in an air-
circulating oven between about 190° F. and 210° F. for a
minimum of about 2 hours. Then, core (214) may be cooled
back to a temperature such as room temperature prior to
being utilized in an RTM process. However, in other
examples, core (214) may not be pretreated.

[0032] In the present example, core (214) comprises
aramid fiber honeycomb coated with a heat resistant phe-
nolic resin (e.g., NOMEX® manufactured by E.I. du Pont de
Nemours and Company, Inc. (Wilmington, Del.)). In other
examples, core (214) may be any material and configuration
that is suitable for the intended application of the composite
material. In other examples, core (214) may comprise paper
honeycomb, aluminum honeycomb, titanium honeycomb, or
other suitable materials and structures that will be apparent
to persons skilled in the art in view of the teachings herein.
[0033] A user may then assemble mold (110) by placing
lid (114) onto base (112), after placing O-ring (124) in
channel (122) (block 408). In the present example, lid (114)
and base (112) are essentially a clamshell structure such that
lid (114) is placed on top of base (112). However, in other
examples, mold (110) may be of different configurations
such that it may be comprised of two components that are
placed in apposition with and coupled to one another in a
different manner than that shown. For example, rather than
having lid (114) and base (112), where the lid (114) is placed
on top of base (112), mold may comprise components that
are placed in apposition side-by-side or in other configura-
tions. Suitable other configurations that mold (110) may take
will be apparent to persons skilled in the art in view of the
teachings herein.

[0034] The user may then suitably fasten fasteners (115)
such that base (112) and 1id (114) are substantially immov-
ably coupled to one another, and such that a seal is formed
between base (112) and 1lid (114) at O-ring (124) (block
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408). In the example shown, core (214) includes a thickness
that generally corresponds to the distance between bottom
surface (120) and plane (217) defined by the free ends of
projections (135a-¢), minus the combined thicknesses of the
glass fabric (210) and poly ply (212). Due to such a
thickness dimension of core (214), projections (135a-¢) will
contact core (214) and prevent movement of the core (214)
during the resin injection process, but will not deform core
(214) as lid (114) is assembled with base (112).

[0035] Once mold (110) is suitably assembled, mold (110)
may be connected to vacuum pump (32) and injection
machine (18) (blocks 410, 412). Injection machine (18) may
also be connected to vacuum pump (32) (block 412). A
two-part epoxy potting resin (15) may be mixed. In the
present example, the resin (15) is mixed by hand for an
amount of time that provides a suitable mixture (block 414).
Once a suitable mixture is obtained, the resin (15) is then
mixed using an electric mixer for an additional amount of
time until the resin (15) is suitably mixed (block 416). In the
present example, resin (15) comprises a mix ratio of 94 parts
of the first part to 100 parts of the second part. However,
other suitable mix ratios may be utilized depending on the
materials selected. In the present example, resin (15) is an
epoxy resin, but in other examples, resin (15) may comprise
other suitable materials, such as polyurethanes or polyamide
resins or any other resin(s) suitable for use in a rub strip or
composite structure.

[0036] The mixed resin (15) is then loaded into injection
cylinder (20) (block 418) and a vacuum is applied within
injection cylinder (20) and to highly viscous liquid resin (15)
(block 420). In the present example, a vacuum is applied by
vacuum pump (32) to mold (110) via conduit (36) at a level
reaching below approximately 6 Torr. In some examples, the
vacuum may be applied at between approximately 1 Torr
and approximately 6 Torr. Once a suitable vacuum has been
applied to mold (110), a vacuum may be applied to resin (15)
and injection cylinder (20) by opening valve (30), at a level
of between approximately 1 Torr and approximately 6 Torr
(block 422). In other examples, a vacuum may be provided
to injection cylinder (20), additionally or alternatively,
through conduits (26, 36) and through mold (110). Applying
a vacuum to mold cavity (118) and injection cylinder (18)
removes air entrapped within the resin (15), as well as
reduces resistance to the flow of resin (15) into mold cavity
(118).

[0037] After an acceptable level of vacuum has been
reached within the mold cavity (118), such that the cavity
(118) has been proven to be properly sealed to prevent voids
in the composite material, the epoxy resin (15) is injected
into mold cavity (118) (block 424). The injection param-
eters, such as resin pressure and flow rate, can be controlled
using PC software on computer (12). The set points for
injection pressure and flow rate are chosen such that the
mold cavity (118) fills before the epoxy resin (15) begins to
cure, but does not distort the core (214) within mold cavity
(118). In the present example, such parameters are set such
that resin (15) is initially injected into the mold at a pressure
of between approximately O psi and approximately 300 psi
and at a flow rate of approximately O cc/min and approxi-
mately 1000 cc/min.

[0038] As resin (15) flows into mold cavity (118), projec-
tions (1354-3) allow for resin (15) to flow in an advanta-
geous flow path, radially outward from opening (140), such
that the resin (15) disperses across the full top surface area
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of core (214). Without utilizing projections (135a-¢) the
flow of resin (15) can be more concentrated towards the
center portions of core (214), resulting in individual cells
(216) of core (214) being subjected to pressures that will
cause distortion of such cells (216). In other words, cells
(216) may become over-filled with resin (15) and may
eventually rupture or otherwise be distorted without the
proper dispersal of flow across core (214). The resin (15) is
allowed to move across the top surface area of core (210)
before high pressure is applied, which then pushes the resin
(15) through the thickness of core (210) and to the bottom
of the mold cavity (118).

[0039] As mold cavity (118) fills with resin (15), as shown
in FIG. 8B, resistance to the resin (15) flow increases and the
flow rate starts to decrease. Once mold cavity (118) has been
filled with the epoxy resin (15), the flow rate drops toward
approximately 0 cc/min. The vacuum ports are then closed
(block 426). The injection port is left open and pressure
continues to be applied to the resin (15) for an additional
10-15 minutes, or any other suitable time, to ensure voids
within the mold cavity are filled (block 428) After that and
while pressure is still applied, a ball valve is closed, sealing
that pressure within the cavity while the resin (15) cures
(block 430). With mold cavity (118) sealed at both the
injection port (e.g., opening (140)/fitting (141)) and vacuum
fittings (1434, 1435), mold (110) is disconnected from the
injection machine (18) and the resin (15) left to cure (block
432). In some examples, the resin (15) is allowed to cure in
the mold for at least 8 hours, such as a period for up to 24
hours, or a suitable time that allows for the resin to become
fully cured and/or stiff enough to handle. In other examples,
the resin (15) may be allowed to cure for a shorter time.
Once the resin (15) cures for a suitable amount of time such
that it is firm enough to handle without distorting the shape
or otherwise damaging the composite part (310), composite
part (310) may be removed from the mold (110) (block 434).

[0040] In some examples, after part (310) has been cured
in mold (110), part (310) can be heated in an air-circulating
oven between about 140° F. and about 160° F. for a
minimum of about 60 minutes (block 436). In other
examples, part (310) may be placed in an air-circulated oven
or other heating device for less than about 60 minutes, or any
other suitable time. The top or concave surface of the part
(310) can then be machined such that the resin (15) is flush
with the honeycomb core (block 440). If present, the injec-
tion port plug may be sanded flush to the concave surface of
the part (block 440). The glass cloth (210) and peel ply (212)
may then be removed (438), before or after the sanding or
machining steps of particular portions of part.

[0041] A visual inspection of part (310) can then be
performed to ensure that the part includes certain desirable
or acceptable characteristics, such as an acceptable amount
of separation between the honeycomb cells (216), an accept-
able amount of distortion between the honeycomb cells
(216), an acceptable amount of color distortion within the
resin (15), and an acceptable amount of voids between the
resin and the honeycomb core (block 442). The part (310)
can then, in some methods, be oven dried in an air-circu-
lating oven between about 190° F. and about 210° F. for a
minimum of about 2 hours, or any other suitable time (block
444) according to the material used. However, in some
methods, this additional heating/drying step may be
optional.
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[0042] FIG. 9 shows the composite part (310) after having
been removed from mold (110) (and without the injection
port plug). As described above, part (310) may be prepared
for use as a portion of a rub strip. For example, part (310)
may be machined further to, for example, remove tab-
shaped portions (312) and any other portions that may be
necessary. FIG. 10 shows a side view displaying part (310)
after having been machined to a configuration that is appro-
priate for use as a portion of a rub strip. As shown, part (310)
includes an outer radius rl that allows it to be configured to
be placed within an aircraft engine for use as a rub strip. In
the example shown, part (310) includes an arc length (s) that
corresponds to one-twelfth (¥12) of the circumference of an
entire rub strip, but in other examples may make up a
different portion of a rub strip. As shown, part (310) includes
outer radius rl and inner radius r2 (and thickness t), which
in some examples rl may be between approximately 80.5
inches and approximately 82 inches, r2 may be between
approximately 79.7 and approximately 81.9. Similarly, t
may be between approximately 0.1 inches and approxi-
mately 0.75 inches. In other examples, the values of r1, r2,
and t will vary depending on the size of the turbine engine
casing into which rub strip may be installed.

[0043] In other examples, mold (110) may be configured
such that part resulting from an RTM process includes a
different portion of a rub strip. For example, mold (110) may
be configured such that part (310) makes up a smaller
portion of rub strip (i.e., a smaller fraction thereof) such that
more parts (310) are needed to complete a rub strip. Alter-
natively, mold (110) may be configured such that part (310)
makes up a larger portion of rub strip (i.e., a greater fraction
thereof) such that fewer parts (310) are needed to complete
a rub strip. In other examples, mold (110) may be configured
such that the resultant part is essentially a block of material
that may be machined in order to accomplish the shape of
part (310). For example, mold cavity (118) may include
shapes other than the arcuate shape shown, such that the
shape of the resultant part includes such a different shape.
Suitable other configurations of mold (110) and the resulting
part (310) will be apparent to persons skilled in the art in
view of the teachings herein.

[0044] Therefore, it is possible to manufacture an entire
rub strip, or portions of a rub strip, using the methods
described herein. For example, FIG. 12 shows a method for
making a rub strip for a turbine engine. It will be understood
that the steps need not necessarily be performed in the order
shown. Moreover, in some methods, some of the steps may
be omitted or optional. Furthermore, other steps that may be
performed in such a process or method will be apparent to
persons skilled in the art in view of the teachings herein.

[0045] The method as shown in FIG. 12 includes manu-
facturing or acquiring a plurality of resin transfer molds and
associated systems (injection machines (18), computer (12),
etc.) (block 502). Such molds may be made in accordance
with molds (28, 110) as described herein. Additionally or
alternatively, other suitable molds may be manufactured or
acquired. Using such molds (28, 110), arcuate composite
structures, such as composite (310) may be manufactured
using a RTM process (block 504), such as the processes
described herein. The arcuate composite structures may be
machined in accordance with the required specifications for
a rub strip, and to remove flash and other unnecessary
components. Such machining step described in block (506)
may take place in accordance with other steps described
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herein. Once a sufficient number of arcuate composite
structures are obtained or manufactured, they may be
assembled together in order to make a fully circumferential
rub strip (block 508). The rub strip may then be modified,
further machined, or additional components added in order
to make rub strip suitable for installation into an engine
casing of a turbine engine (block 510), after which rub strip
may be installed in a turbine engine casing (510). In some
instances, it may be necessary to remove a prior used rub
strip from the engine casing, in a similar manner described
with respect to the method shown in FIG. 13.

[0046] In some situations, it may be necessary to replace
only a portion of a rub strip rather than to replace or install
an entire rub strip. In such situations, a portion of an existing
rub strip may be removed (block 604) and arcuate composite
structures, such as composite (310) may be manufactured
using a RTM process (block 602), such as the processes
described herein. Similarly, arcuate composite structures
may simply be acquired rather than manufactured. Once the
portion of the rub strip has been removed according to block
(604), the dimensions, shape, and other characteristics of the
removed portion may be determined. The arcuate composite
structures may be machined in accordance with the required
determined dimensions, shape and other specifications for
the removed portion, and to remove flash and other unnec-
essary components (block 608). Such machining step
described in block (506) may take place in accordance with
other steps described herein. The arcuate composite struc-
ture may then be installed with the existing rub strip in place
of the removed portion. It will be understood that the steps
need not necessarily be performed in the order shown in
FIG. 13. Moreover, in some methods, some of the steps may
be omitted or optional. Furthermore, other steps that may be
performed in such a process or method will be apparent to
persons skilled in the art in view of the teachings herein.
[0047] Exemplary Combinations

[0048] The following examples relate to various non-
exhaustive ways in which the teachings herein may be
combined or applied. It should be understood that the
following examples are not intended to restrict the coverage
of any claims that may be presented at any time in this
application or in subsequent filings of this application. No
disclaimer is intended. The following examples are being
provided for nothing more than merely illustrative purposes.
It is contemplated that the various teachings herein may be
arranged and applied in numerous other ways. It is also
contemplated that some variations may omit certain features
referred to in the below examples. Therefore, none of the
aspects or features referred to below should be deemed
critical unless otherwise explicitly indicated as such at a
later date by the inventors or by a successor in interest to the
inventors. If any claims are presented in this application or
in subsequent filings related to this application that include
additional features beyond those referred to below, those
additional features shall not be presumed to have been added
for any reason relating to patentability.

Example 1

[0049] A method of making a rub strip, comprising: (a)
resin transfer molding an arcuate composite structure,
wherein the resin transfer molding step comprises: (i) insert-
ing a honeycomb core into a mold cavity having an arcuate
base so that the honeycomb core assumes an arcuate shape,
(ii) directing liquid resin into the mold cavity to form the
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composite structure comprising the liquid resin and the
honeycomb core, (iii) curing the liquid resin, and (iv)
removing the composite structure from the mold; (b) repeat-
ing the resin transfer molding step until a sufficient number
of arcuate composite structures are produced; and (c) assem-
bling a plurality of the arcuate composite structures together
to form the rub strip.

Example 2

[0050] The method of Example 1, further comprising
machining the arcuate composite structures prior to the
assembling step.

Example 3

[0051] The method of any one or more of Examples 1
through 2, further comprising installing the rub strip in an
engine casing.

Example 4

[0052] The method of any one or more of Examples 1
through 3, wherein the step of assembling a plurality of
arcuate composite structures together comprises assembling
twelve arcuate composite structures together to form a fully
circumferential rub strip.

Example 5

[0053] The method of any one or more of Examples 1
through 4, further comprising manufacturing a plurality of
molds configured to enable production of the arcuate com-
posite structure.

Example 6

[0054] The method of Example 5, wherein each of the
molds comprises a lid, wherein the lid comprises a curved
inner surface, wherein the curved inner surface is concentric
to the arcuate base when the 1id is in apposition with a base
of the mold, wherein the lid and the base define a mold
cavity therebetween.

Example 7

[0055] The method of Example 6, wherein the lid com-
prises an opening for receiving the liquid resin, wherein the
lid comprises a plurality of projections extending from the
inner surface, wherein the plurality of projections are con-
figured to maintain the position of the honeycomb core
within the mold cavity as the liquid resin is being directed
therein.

Example 8

[0056] The method of Example 7, wherein the lid defines
a first axis extending through a center of the opening along
a top surface of the lid, wherein longitudinal axes of one set
of the projections extend parallel to the first axis, wherein
longitudinal axes of another set of the projections extend
perpendicular to the first axis.

Example 9

[0057] The method of any one or more of examples 6
through 8, wherein each of the projections comprises a free
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end, wherein the free ends extend along a curved plane,
wherein the curved plane is substantially concentric to the
arcuate base.

Example 10

[0058] The method of Example 9, wherein a radius of the
curved plane defines an inner radius of the fully circumfer-
ential rub strip.

Example 11

[0059] The method of any one of Examples 6 through 10,
wherein the inner surface is substantially concentric to the
arcuate base.

Example 12

[0060] The method of any one of Examples 1 through 11,
further comprising assembling a backing to the outer surface
of the fully circumferential rub strip for installation in an
engine casing.

Example 13

[0061] The method of any one of Examples 1 through 12,
further comprising inspecting the arcuate composite struc-
tures for voids.

Example 14

[0062] The method of any one of Examples 1 through 13,
wherein the step of resin transfer molding further comprises
placing at least one layer of material in the arcuate base prior
to inserting the honeycomb core, wherein the at least one
layer of material is configured to aid in removal of the
arcuate composite part from the mold.

Example 15

[0063] The method of Example 14, wherein the at least
one layer of material comprises glass fabric and/or peel ply
fabric.

Example 16

[0064] A method of making a rub strip for a turbine
engine, comprising: (a) resin transfer molding a composite
structure, wherein the resin transfer molding step comprises:
(1) inserting a honeycomb core into a mold cavity, (ii)
directing liquid resin into the mold cavity to form the
composite structure comprising the liquid resin and the
honeycomb core, (iii) curing the liquid resin, and (iv)
removing the composite structure from the mold; (b) repeat-
ing the resin transfer molding step until a sufficient number
of composite structures are produced; (c) machining the
composite structures in order that the composite structures
assume a shape of a portion of the rub strip; and (d)
assembling the composite structures together to form the rub
strip.

Example 17

[0065] A method of resin transfer molding a composite
part using a mold, a core of material including a honeycomb
structure having a plurality of cells, and liquid resin, wherein
the mold comprises a base and a lid, wherein the base and
the 1lid define a mold cavity therebetween when the lid is
positioned in apposition with the base, wherein the lid
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comprises an opening configured to be fluidly connected to
a source of liquid resin, wherein the opening defines a
central axis extending therethrough, wherein the lid com-
prises an inner surface and a plurality of projections extend-
ing away from the inner surface, the method comprising: (a)
placing the core in the base; (b) positioning the lid in
apposition with the base to thereby define the mold cavity;
and (c) injecting the liquid resin into the mold cavity at a
pressure and a flow rate such that the cells of the honeycomb
structure are prevented from rupturing, wherein the projec-
tions maintain the position of the core within the mold cavity
as the liquid resin is being directed therein.

Example 18

[0066] The method of Example 17, wherein the flow rate
comprises between approximately 0 cc/min and approxi-
mately 1000 cc/min.

Example 19

[0067] The method of any one of Examples 17 through 18,
wherein the pressure comprises between approximately O psi
and approximately 300 psi.

Example 20

[0068] The method of any one of Examples 17 through 19,
wherein the honeycomb structure comprises aramid fiber,
aluminum, or titanium.

[0069] Having shown and described various embodiments
of the present invention, further adaptations of the methods
and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art
without departing from the scope of the present invention.
Several of such potential modifications have been men-
tioned, and others will be apparent to those skilled in the art.
For instance, the examples, embodiments, geometrics, mate-
rials, dimensions, ratios, steps, and the like discussed above
are illustrative and are not required. Accordingly, the scope
of the present invention should be considered in terms of the
following claims and is understood not to be limited to the
details of structure and operation shown and described in the
specification and drawings.

I/we claim:

1. A method of making a rub strip, comprising:

(a) resin transfer molding an arcuate composite structure,

wherein the resin transfer molding step comprises:

(1) inserting a honeycomb core into a mold cavity
having an arcuate base so that the honeycomb core
assumes an arcuate shape,

(ii) directing liquid resin into the mold cavity to form
the composite structure comprising the liquid resin
and the honeycomb core,

(iii) curing the liquid resin, and

(iv) removing the composite structure from the mold;

(b) repeating the resin transfer molding step until a

sufficient number of arcuate composite structures are

produced; and

(c) assembling a plurality of the arcuate composite struc-

tures together to form the rub strip.

2. The method of claim 1, further comprising machining
the arcuate composite structures prior to the assembling
step.

3. The method of claim 1, further comprising installing
the rub strip in an engine casing.
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4. The method of claim 1, wherein the step of assembling
a plurality of arcuate composite structures together com-
prises assembling twelve arcuate composite structures
together to form a fully circumferential rub strip.

5. The method of claim 1, further comprising manufac-
turing a plurality of molds configured to enable production
of the arcuate composite structure.

6. The method of claim 5, wherein each of the molds
comprises a lid, wherein the lid comprises a curved inner
surface, wherein the curved inner surface is concentric to the
arcuate base when the lid is in apposition with a base of the
mold, wherein the lid and the base define a mold cavity
therebetween.

7. The method of claim 6, wherein the lid comprises an
opening for receiving the liquid resin, wherein the lid
comprises a plurality of projections extending from the inner
surface, wherein the plurality of projections are configured
to maintain the position of the honeycomb core within the
mold cavity as the liquid resin is being directed therein.

8. The method of claim 7, wherein the lid defines a first
axis extending through a center of the opening along a top
surface of the lid, wherein longitudinal axes of one set of the
projections extend parallel to the first axis, wherein longi-
tudinal axes of another set of the projections extend perpen-
dicular to the first axis.

9. The method of claim 6, wherein each of the projections
comprises a free end, wherein the free ends extend along a
curved plane, wherein the curved plane is substantially
concentric to the arcuate base.

10. The method of claim 9, wherein a radius of the curved
plane defines an inner radius of the fully circumferential rub
strip.

11. The method of claim 6, wherein the inner surface is
substantially concentric to the arcuate base.

12. The method of claim 1, further comprising assembling
a backing to the outer surface of the fully circumferential rub
strip for installation in an engine casing.

13. The method of claim 1, further comprising inspecting
the arcuate composite structures for voids.

14. The method of claim 1, wherein the step of resin
transfer molding further comprises placing at least one layer
of material in the arcuate base prior to inserting the honey-
comb core, wherein the at least one layer of material is
configured to aid in removal of the arcuate composite part
from the mold.

15. The method of claim 14, wherein the at least one layer
of material comprises glass fabric and/or peel ply fabric.

16. A method of making a rub strip, comprising:

(a) resin transfer molding a composite structure, wherein

the resin transfer molding step comprises:

(1) inserting a honeycomb core into a mold cavity,

(ii) directing liquid resin into the mold cavity to form
the composite structure comprising the liquid resin
and the honeycomb core,

(iii) curing the liquid resin, and

(iv) removing the composite structure from the mold;

(b) repeating the resin transfer molding step until a

sufficient number of composite structures are produced;

(c) machining the composite structures in order that the

composite structures assume a shape of a portion of the
rub strip; and

(d) assembling the composite structures together to form

the rub strip.
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17. A method of resin transfer molding a composite part
using a mold, a core of material including a honeycomb
structure having a plurality of cells, and liquid resin, wherein
the mold comprises a base and a lid, wherein the base and
the 1id define a mold cavity therebetween when the 1id is
positioned in apposition with the base, wherein the lid
comprises an opening configured to be fluidly connected to
a source of liquid resin, wherein the opening defines a
central axis extending therethrough, wherein the lid com-
prises an inner surface and a plurality of projections extend-
ing away from the inner surface, the method comprising:

(a) placing the core in the base;

(b) positioning the lid in apposition with the base to

thereby define the mold cavity; and

(c) injecting the liquid resin into the mold cavity at a

pressure and a flow rate such that the cells of the
honeycomb structure are prevented from rupturing,
wherein the projections maintain the position of the
core within the mold cavity as the liquid resin is being
directed therein.

18. The method of claim 17, wherein the flow rate
comprises between approximately 0 cc/min and approxi-
mately 1000 cc/min.

19. The method of claim 17, wherein the pressure com-
prises between approximately O psi and approximately 300
psi.

20. The method of claim 17, wherein the honeycomb
structure comprises aramid fiber, aluminum, or titanium.

#* #* #* #* #*
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