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STRUCTURAL REWORK OF CELLULAR CORE PANELS

TECHNOLOGICAL FIELD

The present disclosure relates generally to structures for noise reduction, and structures
comprising such areas. More specifically, the present disclosure relates to methods for
reworking acoustic panels and non-acoustic panels for structures, restoring acoustic performance

to such structures, and structures comprising the reworked areas.

BACKGROUND

Aircraft engine assemblies produce high noise levels due to the high airflows through
inlets, rotating stages and exhaust nozzles, etc. To reduce such noise levels and comply with
noise regulations governing commercial aircraft, high bypass type aircraft engine assemblies
incorporate acoustic panels in various locations of the engine, such as in the inlets of engine
nacelles, thrust reversers, etc. These acoustic panels, sometimes referred to as acoustic
treatments may comprise a septumized cellular, or “honeycomb” core oriented, or “sandwiched”
between a perforated inner skin and a non-perforated outer skin or facesheet. The skins or
facesheets may comprise a metal such as aluminum or a composite material, and the honeycomb
core may comprise a metal, a ceramic, or a composite material.

Acoustic sandwich panels include a core sandwiched between two liner sheets. One of
the liner sheets is perforated while the other sheet is not perforated. The core provides bulk (e.g.
separates the inner and outer facesheets) and defines a plurality of cavities. Apertures defined by
the perforated liner sheet fluidly couple the cavities ambient environment. Therefore, when air
flows across the perforated liner sheet of an acoustic sandwich panel, the cavities in the core act
as Helmholz resonators and attenuate the sound of the associated airflow. More specifically,
core walls between adjacent cavities in the core act as acoustic septa to attenuate the sound of the
airflow

Over the course of a useful life, acoustic panels may require localized repair or
reconditioning, known as “rework” to restore their original structural strength and performance.
Known reworking for acoustic panels involves splicing the honeycomb core, and using foaming
adhesives to secure the reworked sections. However this type of rework can result in the

blockage of honeycomb cells, or otherwise limit the cells comprising the honeycomb core,
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resulting in less than desired acoustic performance of the affected cells. While certain types of
aircraft have allowable acoustic loss at acoustic panels within acoustic structures, regulations for
other aircraft types may not permit structural rework of such areas, resulting in part replacement
at significant cost. Further regulations may allow for the replacement of a portion of the acoustic
panels if acoustic performance is restored. However, restoring acoustic performance for
reworked acoustic panels and structures comprising acoustic panels, such as aircraft nacelles,

thrust reversers, etc., has presented continuing challenges.

SUMMARY

Aspects of the present disclosure are directed to methods for reworking structures
comprising cellular core panels and reworking cellular core panels, reworked structures
comprising the reworked core panels, and guides for reworking cellular acoustic panels and non-
acoustic panels, as well as cutting apparatuses for reworking the core panels in larger structures,
preferably in situ. Further aspects are directed to reworking acoustic panels and structures
comprising the panels, with the panels comprising reworked core sections including, without
limitation, honeycomb core sections in acoustic panels and structures comprising the panels.

A further aspect of the present disclosure is directed to a guide for a cutting instrument,
with the guide comprising a base, at least one leg in communication with the base, and a guide
slot extending longitudinally through the base, with the guide slot defined by the at least one leg
and the base.

In another aspect, the guide comprises a plurality of legs in communication with the
base.

A further aspect of the present disclosure is directed to reworking a portion of an aircraft
using a guide for a cutting instrument, with the guide comprising a base, at least one leg in
communication with the base, and a guide slot extending longitudinally through the base, with
the guide slot defined by the at least one leg and the base.

Another aspect of the present disclosure is directed to an apparatus comprising a guide,
with the guide comprising a base leg, with the leg dimensioned to engage and extend into, and be
received by, a cell in a cellular core section. The cellular core section includes a plurality of cell
walls, with the guide comprising a guide slot defined by the leg and the base, with the guide slot
extending longitudinally within the guide, and a cutting instrument dimensioned to be received

by the guide slot.
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In another aspect, the cutting instrument is configured to engage the guide slot and is
further configured to move longitudinally within a length of the guide slot, with the cutting
instrument comprising a leading blade edge.

A further aspect of the present disclosure is directed to reworking a portion of an aircraft
using an apparatus comprising a guide, with the guide comprising a base leg, with the leg
dimensioned to engage and extend into, and be received by, a cell in a cellular core section. The
cellular core section includes a plurality of cell walls, with the guide comprising a guide slot
defined by the leg and the base, with the guide slot extending longitudinally within the guide,
and a cutting instrument dimensioned to be received by the guide slot.

Another aspect of the present disclosure is directed to a method comprising removing a
removable cellular section from a cellular core to form a cut-out cellular core, said cut-out
cellular core comprising intact cells, said cells comprising an intact septum in each cell, and
inserting a cellular rework section plug into the cut-out cellular section, with the cellular rework
section plug comprising intact cells, and with the cells comprising an intact septum in each cell.

In another aspect, before the step of removing a removable cellular section from a
cellular core, further comprising cutting an area from a cellular core to form a removable cellular
section.

In another aspect, in the step of removing a removable cellular section from a cellular
core to form a cut-out cellular core, with the cut-out cellular core comprising intact cells, and
with the cells further comprising a plurality of exposed cell walls.

In a further aspect, in the step of inserting a cellular rework section plug into the cut-out
cellular core, with the cellular rework section plug comprising intact cells and with the cells
further comprising a plurality of exposed cell walls.

Another aspect of the present disclosure is directed to a method for reworking a structure
comprising a cellular core, with the method comprising cutting an area from a cellular core to
form a removable cellular section, with the removable cellular core section comprising a
plurality of adjoining cells, and removing the removable cellular core section from the cellular
core to form a cut-out cellular core, with the cut-out cellular core comprising a plurality of
exposed adjoining complete cells, and with the plurality of exposed adjoining cells each
comprising an intact septum disposed within each cell. Each septum is bounded by cell walls,
and the cut-out cellular core comprises a cut-out cellular core geometry. A cellular rework

section plug is then inserted into the cut-out cellular core and adhered to the cut-out cellular core
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to form a reworked cellular core, wherein each cell in the cellular reworked cellular core
comprises an intact septum disposed within each cell.

In a further aspect, the cellular rework section plug is adhered to the cut-out cellular core
to form the reworked cellular core.

In another aspect, the cut-out cellular core comprises a cut-out cellular core geometry
and the cellular rework section plug has a cellular rework section plug geometry.

In a further aspect, the cellular rework section plug geometry substantially matches the
cut-out cellular core geometry

In another aspect, in the step of removing the removable cellular section from the
cellular core to form the cut-out cellular core to form the cut-out cellular core, the cells of the
cut-out cellular core comprise intact cell walls in each cell.

In a further aspect, in the step of inserting a cellular rework section plug into the cut-out
cellular core, the cells of the cellular rework section plug comprise intact cell walls in each cell.

In another aspect, at least one of the cellular core and the rework section plug comprise a
honeycomb structure.

In another aspect, an acoustic panel comprises the honeycomb structure.

In another aspect, before the step of inserting a cellular rework section plug, a method
further comprises inserting a guide to a predetermined depth into a cellular panel stock material
comprising a plurality of adjoining cells, with each of the adjoining cells comprising intact cell
walls and a septum, with the guide comprising at least one leg. A leg of the guide is received
into at least one of the adjoining cells, and a cutting instrument is inserted into the guide. A cell
wall is severed from an adjoining cell of an adjoining cell at a cell wall juncture to form the
cellular rework section plug.

According to a further aspect, the step of cutting an area from a cellular core to form a
removable cellular core section, to form a removable cellular core section in the cellular core
further comprises inserting a guide to a predetermined depth into the at least one cell in the
cellular core, with cellular core comprising a plurality of adjoining cells, with each of the
adjoining cells comprising cell walls and a septum. The guide comprises at least one leg that is
received into at least one adjoining cell. A cutting instrument is inserted into the guide and a cell
wall is severed completely from an adjoining cell wall of an adjoining cell at a cell wall juncture.

In another aspect, before the step of cutting an area from a cellular core, a method
further comprises removing a portion of at least one covering layer from an acoustic panel to

expose to expose a cellular core.
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In another aspect, before the step of inserting the cellular rework section plug into the
cut-out cellular core, a method further comprises applying an adhesive to at least one of the cut-
out cellular core and the cellular rework section plug.

In another aspect, after the step of adhering, the cellular rework section to the cut-out
cellular core to form a reworked cellular core, a method further comprises adhering at least one
covering layer over the reworked cellular core with the covering layer comprising at least one
composite material layer.

In a further aspect, the covering layer comprises perforations.

In another aspect, after the step of adhering at least one covering layer over the reworked
cellular core, a method further comprises curing the covering layer.

In another aspect, a method further comprises co-curing the adhesive and the covering
layer.

In a further aspect, after the step of curing the covering layer, a method further
comprises perforating the covering layer to form acoustic perforations extending through the
covering layer.

In another aspect, acoustic perforations are in formed in the covering layer by drilling.

In another aspect, after the step of severing the cell wall at the cell wall juncture, the
adjoining cells of the cellular rework section plug each comprise an intact septum.

In a further aspect, before inserting a cellular rework section plug, a method further
comprises forming a cellular rework section plug comprising a plurality of adjoining cells and an
outer periphery geometry substantially equivalent to the cut-out cellular core geometry.

Another aspect of the present disclosure is directed to a method of cutting an area from a
cellular core to form a removable cellular core section and a cut-out cellular core section in the
cellular core comprising inserting a guide to a predetermined depth into at least one cell of the
cellular core, receiving a leg of the guide into at least one cell, and inserting a cutting instrument
into the guide and severing a cell wall of the cell completely from an adjoining cell wall of an
adjoining cell at a cell wall juncture.

In a further aspect, the cut-out cellular core section comprises a plurality of adjoining
cells, with each of the adjoining cells comprising intact cell walls and an intact septum.

In another aspect, at least one of the cellular core and the cellular rework section plug

comprise a honeycomb structure.
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In a further aspect, after the step of severing the cell wall at the cell wall juncture, the
adjoining cells of the cellular rework section plug each comprise intact cell walls and an intact
septum.

A further aspect is directed to a portion of an aircraft reworked according to any of the
methods presented herein.

A further aspect of the present disclosure is directed to a reworked cellular core made
according to any of the aforementioned methods.

In another aspect, the reworked cellular core comprises a honeycomb structure.

In another aspect, the reworked cellular core is a component in an acoustic panel.

A further aspect is directed to a reworked panel comprising the reworked cellular core
made according to aspects of the present disclosure.

Further aspects are directed to an object comprising the reworked panels made according
to any presently disclosed methods.

According to further aspects, the object comprises at least one of an aircraft engine
assembly or a thrust reverser.

A further aspect is directed to a vehicle comprising objects reworked according to
presently disclosed methods.

Another aspect is directed to a vehicle comprising the rework according to disclosed
methods, with the vehicle including at least one of: a manned aircraft, and unmanned aircraft, a
spacecraft, an unmanned spacecraft, a manned rotorcraft, an unmanned rotorcraft, a manned
terrestrial vehicle, an unmanned terrestrial vehicle, a manned surface water borne vehicle, an
unmanned surface water borne vehicle, a manned sub-surface water borne vehicle or an
unmanned sub-surface water borne vehicle.

The features, functions and advantages that have been discussed can be achieved
independently in various aspects or may be combined in yet other aspects, further details of

which can be seen with reference to the following description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Having thus described variations of the disclosure in general terms, reference will now
be made to the accompanying drawings, which are not necessarily drawn to scale, and wherein:
FIG. 1A is a perspective view of a guide having multiple legs;
FIG. 1B is a perspective view of a guide having one leg;

FIG. 2A is an overhead plan view of the guide shown in FIG. 1A;
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FIG. 2B is an overhead view of the guide shown in FIG. 1B;

FIG. 3 is a view of a cutting apparatus comprising the guide shown in FIGs. 1A and 2A
and a cutting instrument;

FIG. 4 is a view of the assembled cutting apparatus of FIG. 3;

FIG. 5 is an illustration of a perspective view of a portion of the wing showing an engine
inlet comprising an acoustic structure requiring repair;

FIG. 6 is an illustration of a cross-sectional side view of a portion of an acoustic panel
forming part of the engine inlet shown in FIG. 5;

FIG. 7 is an overhead plan view of a portion of the acoustic panel of FIG. 6 requiring
rework;

FIG. 8 is a perspective view of a cell of the cellular core in the acoustic panel shown in
FIG. 7;

FIG. 9 is a perspective view of the acoustic panel shown in FIGs. 7 and 8;

FIG. 10 is a perspective view of the acoustic panel shown in FIG. 9 with a cellular core
section being cut;

FIG. 11 is a perspective view of the acoustic panel shown in FIG. 10, with the
removable cellular core section being removed from the cellular core of the panel to form a
remaining cut-out cellular core;

FIGs. 12, 13 and 14 are perspective views of a cellular core stock material, or cellular
“blank”, from which a cellular rework section (“plug”) is fashioned,;

FIGs. 15 and 16 are enlarged views of the of cellular core stock material shown in FIGs.
12, 13 and 14;

FIG. 17 is a perspective view showing removal of the cellular rework section (“plug”)
removed from the cellular core stock material shown at least in FIGs. 12, 13 and 14;

FIG. 18 is a perspective view of the panel of FIG. 11 showing the exposed cut-out
cellular core with adhesive applied to exposed cell wall surfaces;

FIG. 19 is a perspective view of the cellular rework section shown in FIG. 17 with
adhesive applied to outer cell wall surfaces;

FIG. 20 is a perspective view of the panel of FIG. 18 with the cellular rework section of
FIG. 19 being inserted into the panel to form a reworked cellular core in the acoustic panel,

FIG. 21 is a perspective view of the reworked cellular core in the acoustic panel of FIG.
20 with the cellular rework section inserted into position in the reworked cellular core of the

acoustic panel,
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FIG. 22 is a cross-sectional side view of a reworked acoustic panel shown in FIG. 21,
with covering layer shown in an exploded view;

FIG. 23 is a perspective view of the panel of FIG. 22 with a covering layer in position;

FIG. 24 is a perspective view of the reworked acoustic panel of FIG. 23 showing
perforations formed in the covering sheet;

FIG. 25 is a flowchart according to aspects of the present disclosure outlining a method
for severing cellular core cell walls in a cellular core to form a cut-out cellular core section;

FIG. 26 is a flowchart according to aspects of the present disclosure outlining a method
for severing cellular cell walls from cellular panel stock material stock to form a cellular rework
section “plug”;

FIG. 27A is a flowchart according to aspects of the present disclosure outlining a
method for reworking a cellular core according to aspects of the present disclosure;

FIG. 27B is a flowchart according to aspects of the present disclosure outlining a
method for reworking a cellular core according to aspects of the present disclosure;

FIG. 28 is a flowchart according to aspects of the present disclosure outlining a method
for reworking a cellular core according to aspects of the present disclosure and as shown in FIG.
27 including the further steps of making the cellular core rework section (“plug”);

FIG. 29 is a flow diagram of aircraft production and service methodology; and

FIG. 30 is a block diagram of an aircraft.

DETAILED DESCRIPTION

According to the present disclosure, methods for reworking structures are disclosed
comprising reworked core panels, reworked structures comprising the reworked core panels, and
guides and apparatuses for reworking cellular core panels for reworking the core panels in
structures. Further aspects are directed to reworking acoustic panels and structures comprising
the cellular core panels, with the panels comprising reworked cellular core sections including,
without limitation, honeycomb core sections in acoustic paneling and structures comprising the
acoustic paneling. Aspects of the present disclosure further contemplate reworking non-acoustic
cellular core panels, and such panels reworked according to the methods disclosed herein, as
well as structures comprising the reworked, non-acoustic panels.

Acoustic paneling includes structures that are specifically designed to absorb, control, or

reflect sound away from a particular area. For example, acoustic paneling may be used to reduce
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the auditory impact of aircraft engines during takeoff, flight, and landing. Acoustic paneling
within an aircraft may further reduce and/or redirect aircraft noise during takeoff and landing.
Such, noise reduction and redirection may be environmentally mandated via regulations, but is
also desirable for passengers within an aircraft.

Presently, acoustic paneling is assembled to conform the paneling to the complex
geometries of an aircraft and aircraft structures. Each cell in an acoustic panel comprises a
septum, and, over the area of an entire aircraft, there may be thousands of such cells, with each
cell in an acoustic panel comprising an installed septum.

While aspects of the present disclosure describe and illustrate panels requiring rework,
with the rework shown in segments, according to aspects the present disclosure, the reworking
may be conducted with the panel requiring rework remaining intact and as a part of a larger
structure. For example, if a larger structure or component, such as an air inlet of an aircraft
engine nacelle or other structure such as a thrust reverser requires rework to a panel having a
cellular core (that may or may not be an acoustic panel), the rework described herein may be
conducted in situ, and therefore without removal of the panel from its structure or component, or
of the structure or component from a larger structure to which it is attached.

The methods described herein restore structural strength to reworked panels comprising
reworked cellular cores. The disclosed methods further enable rework on large rework areas of
large structures, in situ if desired. Further, the presently disclosed methods enable rework;, in
situ, if desired, including the rework of cellular core panels of any configuration, both planar and
non-planar, with the panels comprising an overall regular or irregular geometry.

FIGs. 1A and 2A show a guide 10 for use in conjunction with a cutting instrument to
form a cutting apparatus used to cut, or otherwise sever, a section of material according to
aspects of the present disclosure. As shown in FIGs. 1A and 2A, the guide 10 comprises a
handle 10b, and a base 11 in communication with a plurality of legs 12, and a guide slot 13
extending through and defined by the legs 12 and the base 11. While the illustrations depict the
legs having a hexagonal shape, other geometric shapes are contemplated.

FIGs. 1A and 1B show overhead plan views of the guide 10 and 10a shown in FIGs. 1A
and 1B respectively, with the view shown downward in the direction of lines 2A and 2B
respectively. FIGs 2A and 2B, respectively, show a guide 10 and 10a for use in conjunction with
a cutting instrument to form a cutting apparatus used to cut, or otherwise sever, a section of
material according to aspects of the present disclosure. As shown in FIGs. 2A and 2B, the guide

10, 10a comprises a handle 10b, and a base 11 in communication with a leg 12, and a guide slot
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13 extending through and defined by the leg 12 and the base 11. Again, while the illustrations
depict the leg having a hexagonal shape, other geometric shapes are contemplated.

The depicted, substantially hexagonal, shape of the legs 12 of the guide 10 (or in the case
of FIGs. 1B and 2B, the single leg 12 of the guide 10a) are dimensioned to fit into and otherwise
engage the cellular walls of a honeycomb cellular structure. For example, if a cellular core
material requires rework, aspects of the present disclosure contemplate a guide having at least
one leg with a geometric shape (e.g., a polygonal, circular, rectangular, or other shape, etc.) that
fits into or otherwise engages (but may or may not substantially match) the cellular wall of a
cellular core material having a geometry and dimension to receive the leg of the guide.

According to further aspects, the geometry and dimension of the guide leg substantially
matches the geometry and dimension of the cellular walls of the cells in the cellular core panel
(e.g. substantially rectangular legs on the guide for use in reworking a cellular core having
substantially rectangular cells; substantially circular legs on the guide for use in reworking a
cellular core having substantially circular cells; substantially polygonal legs on the guide for use
in reworking a cellular core having substantially matching polygonal cells , etc.).

FIGs. 3 and 4 show a cutting apparatus. As shown in FIG. 3, cutting instrument 14 has a
blade 15 and a blade edge 16, with the blade 15 having a width “W” substantially equivalent to
the width of the guide slot 13, such that blade 15 is accommodated or received by guide slot 13,
as shown in FIG. 4. Together, the cutting instrument 14 and the guide 10 comprise a cutting
apparatus 17.

FIG. 5 shows a high bypass engine 20 is mounted an aircraft wing 22 by a pylon 24. The
engine 20 includes a surrounding engine nacelle 26 having an air inlet 28. The air inlet 28
includes an acoustic area 30 in the form of an acoustic panel 32 for reducing noise caused by
high airflow through the air inlet 28 into the engine 20. The acoustic panel 32 includes an area
requiring rework, hereinafter referred to as a rework area 35 (shown in FIG. 7 et. seq.). The need
for rework to the acoustic panel 32 may be the result of any of a number of causes and
conditions.

FIG. 6 illustrates additional details of the acoustic panel 32. The acoustic panel 32
comprises a cellular core 34 (shown, in non-limiting fashion, as a honeycomb core) sandwiched
between inner facesheet 36 and outer facesheet 38. The inner facesheet 36 includes a
multiplicity of perforations 44 there through which allow soundwaves including noise to pass
through the inner facesheet 36 into the cellular core 34. The inner facesheet 36 is attached to a

face of the cellular core 34 by an adhesive bond line 40. Similarly, the outer facesheet 38 is

10



10

15

20

25

30

attached to the other face of the cellular core 34 by an adhesive bond line 42. As illustrated, the
inner and outer facesheets 36 and 38 respectively, each comprise a laminated composite such as
a carbon fiber reinforced plastic (CFRP) , however either or both of these facesheets can
comprise other materials such as, without limitation, a metal such as aluminum, a ceramic
material, etc. The cellular core 34 can comprise a metal such as aluminum, a polymer or other
material, etc., and is formed of a multiplicity of individual polygonal cells 46 (herein referred to
as “cells”. In the illustrations, the cells 46 are hexagonal. However other cell geometries are
possible and contemplated by aspects of the present disclosure. Each individual cell 46 is shown
in FIGs 6 and 8 comprising a septum 48. The septum 48 further acts as a noise attenuation
feature in acoustic panel used in core materials, and the septum 48 may be made from any
desired material.

As further shown in FIG. 8, each individual cell 46 in the acoustic panel comprises cell
walls 45, with each cell septumized by a septum 48 that is positioned within each cell 46 at a
preselected depth "D". The septums 48, comprising septum perforations 47 assist in dampening
and attenuating soundwaves entering cellular core 34 through the perforations 44 in the inner
facesheet 36.

FIG. 7 shows an area of exposed cellular core 34 in panel 32 requiring rework. The
section marked in “bold” represents an area of rework or, rework area 35 requiring removal, and
when removed from the cellular core 34 becomes the removable cellular core 51 (FIG. 11).
According to one aspect of the present disclosure, as shown in FIG. 7, a section of inner
facesheet 36 (as shown in FIG. 6) is removed, exposing a rework area 35 of the cellular core 34
of panel 32.

FIG. 9 shows a perspective view of an acoustic panel 32, prepared for an area of rework
35 of the cellular core 34. The inner facesheet 36 has been prepared by removing a portion of
the facesheet that covers the rework area 35, and exposing the cellular core 34.

As shown in FIG. 10, the cutting apparatus 17 is in place with legs 12 inserted into cells
46 of the area of rework 35, with blade 15 positioned within guide slot 13 of cutting apparatus 17
such that blade edge 16 (not visible in FIG. 10) contacts and severs a cell wall 45 at a cell wall
juncture 49 (e.qg., the point where cell walls converge and meet adjoining cell walls. While the
legs 12 of the guide 10 and the cells 46 are shown as hexagonal in shape, it is presently
contemplated that the legs and the cells may be of any shape, so long as the legs of the guide are
dimensioned to be received into the cells and retain the guide in a substantially fixed orientation

through, for example, a friction fit. As a striking implement 18 (e.g., shown in FIG. 109 in non-
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limiting fashion as a hammer) strikes the blade 15, of the cutting apparatus 17, the blade edge 16
(not visible in FIG. 10) severs the cell wall cleanly from adjoining cell walls at a cell wall
juncture 49. This operation is repeated (around a perimeter of a section of cellular core to be
reworked and removed) until, as shown in FIG. 11, a removable cellular section 51 is separated
or “freed” from the cellular core 34 and can be removed from the cellular core 34 to form a cut-
out cellular core 53 that now remains in panel 32 (as shown in FIG. 11).

Further aspects contemplate the use of manual or automated means to apply directed
pressure to the guide for the purpose of positioning the guide into the cellular core, and for the
purpose of depressing the blade of the cutting apparatus into the cellular core. According to
aspects of the present disclosure, the process of severing the cell wall cleanly from adjoining cell
walls at a cell wall juncture 49 creates a cut-out cellular core 53 that remains from the cellular
core 34, with the cut-out cellular core 53 comprising a plurality of cells wherein each cell
comprises an intact septum.

In addition, a further cutting apparatus is contemplated wherein a guide comprises only
one leg (as represented in FIG. 1B and 2B), with the leg having a geometry and dimension to
suitably engage or otherwise fit into a cell in a cellular core panel. As with the multi-leg guides
described above, the leg of a single leg guide would have a dimension and geometry to
substantially match the dimension and geometry of the cell. When a guide comprises only a
single leg, it is contemplated that such a guide would comprise a slot extending lengthwise
through the leg, or comprise another feature configured to receive a blade and orient the blade
edge against a cell wall juncture.

Aspects of the present disclosure that are not illustrated further contemplate a cutting
apparatus with a guide or a plurality of guides having an overall substantially circular,
hexagonal, or other geometric configuration that could be configured to be placed once or more
into the cellular core, with an appropriately configured blade or plurality of blades positioned
into the guide or plurality of guides such that pressure applied to the cutting apparatus
substantially simultaneously severs the number of cell walls that are required to liberate the
cellular core rework area that is to be removed from the cellular core.

As shown in FIGs. 12, 13 and 14, in order to replace the removable core section 51 that is
removed from the cellular core 34, a cellular rework section plug 54, or “plug” (as shown in FIG.
17) is fabricated from a cellular panel stock material 55 or “cellular panel blank”.

According to an aspect, the cellular panel stock material 55 is formed from a material

substantially the same or different from the material that is used to make the cellular core 34, and
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further has substantially the same cell size/geometry and overall area as the void left in the cut-
out cellular core 53. The cellular rework section plug 54 may be expanded or contracted, as
desired, so that the dimension of the cells 46 of the cellular rework section plug 54 are
substantially identical to the cells 46 of the removable cellular core 51 that is removed from the
cellular panel 34. Further, the dimension of the cellular rework section plug 54 made from the
cellular panel stock material 55 is therefore substantially the same dimension as that of the space
left in the cut-out cellular core 53.

According to aspects of the present disclosure, the cutting of the cellular panel stock
material 55 to form the cellular rework section plug 54 (that is removed from the cellular panel
stock material 55) is conducted (as shown in FIG. 17) so as to maintain an intact, or full cell and
an intact septum in each cell in the cellular rework section plug 54.

According to further aspects of the present disclosure, the outer peripheral cells of the
cellular rework section plug 54 form flat repair plug cell wall edges. In this way, the cellular
rework section plug 54 is dimensioned to fit into the cut-out cellular core section 53 with
precision as the cell wall exterior of the cellular rework section plug 54 will abut and otherwise
adjoin the exposed cell walls of the cut-out cellular core section 53.

As shown in FIGs. 12, 13 and 14, the cell wall cutting operation similar to that shown in
FIG. 10 and described above (for cutting the cellular panel 34 being reworked) is also conducted
on the cellular panel stock material 55, with the legs 12 of guide 10 positioned into cells 46 (as
shown in FIG. 12), and with the guide 10 depressed into position within cells 46 (as shown in
FIG. 13), followed by inserting the blade 15 into the guide slot of the guide 10 with pressure
applied to the blade 15 of the cutting apparatus 17 via a striking implement 18 (e.g., a hammer)
as shown in FIG. 14.

As shown in FIGs. 12, 13, and 14, the guide 10 is positioned into cells 46 in the cellular
panel stock material 55 (from which the cellular rework section plug 54 is cut). As shown in
FIGs. 13, 14, and 15, the guide slot 13 is positioned in cells 46, such that, when the blade edge
16 of the blade 15 is inserted into guide slot 13 (shown in detail in FIG. 16), the cells 46 will be
severed at and from adjoining cells at the cell wall juncture 49 (e.g., the point where adjoining
cell walls converge). FIGs. 15 and 16 are, therefore, close-up views of cells 46 into which first
the guide 10 is located (shown in FIG. 15), followed by introducing the blade 15 into the guide
slot 13 in the guide 10 (as shown in FIG. 16).

According to aspects of the present disclosure, the cellular rework section plug 54 will be

severed from the cellular panel stock material (e.g., shown as a honeycomb “blank” of stock
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material) “cleanly”. That is, the guide for the cutting instrument, according to aspects of the
present disclosure, will position a blade within the guide slot to sever cell walls at the point of
cell wall convergence (e.g., at the cell wall juncture 49), leaving substantially no extraneous cell
wall material on the cellular rework section plug 54 or the substantially similarly dimensioned
cut-out cellular core section 53. Additionally, the precision cutting effected by aspects of the
present disclosure for, for example, cellular core acoustic panels, the septums present in the cells
of the cellular rework section plug 54 and the cells of the substantially similarly dimensioned
cut-out cellular core section 53 are left acoustically intact in the cells after cutting.

FIG. 17 shows a cellular rework section plug 54 that has been cut and removed from a
cellular panel stock material 55 according to aspects of the present disclosure. As shown in FIG.
17, the cell wall 45 has been cleanly severed at the cell wall juncture 49.

As shown in FIG. 18, adhesive 56 is applied to the exposed surfaces of the cut-out
cellular core 53.

Alternatively, or in addition to, applying adhesive to the cut-out cellular core 53, as
shown in FIG. 19, adhesive 56 is applied to the outer surface of the cell walls 46 of the cellular
rework section plug 54. Although FIGs. 18 and 19 together depict applying adhesive to both the
cellular rework section plug 54 and the cut-out cellular core section 53, it is understood that the
adhesive 56 applied to only one of the cellular rework section plug 54 or the cut-out cellular core
section 53 may suffice to adequately perform the required rework of the acoustic panel. The
adhesive may be applied in film, paste, or other form, as desired.

As shown in FIG. 20, the cellular rework section plug 54 is fitted into the space left in the
cut-out cellular core section 53, and fitted into place as shown in FIG. 21 such that the cell walls
of the existing cut-out cellular core section 53 and the cellular rework section plug 54 are
positioned adjacent to one another. Therefore, aspects of the present disclosure contemplate that
the rework section plug 54 is dimensioned to very closely approximate, or even be identical to
the dimension of the space left in the cut-out cellular core section 53.

Further aspects of the present disclosure appreciate that practical manufacturing
tolerances can realize very slight dimensional variances between the rework section plug 54 and
the space being filled by the plug 54 in the cut-out cellular core section 53. Such variances
between the rework section plug 54 and the space being filled by the plug 54 in the cut-out
cellular core section 53 may range from about 1mil to about 2 mils. For example, in such
instances where the dimension between the rework section plug 54 and the space left in the cut-

out cellular core section 53 vary slightly (e.g. a variance ranging from about 1 mil to about 2
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mils), the replacement plug would be slightly compressed in the transverse and cell wall
direction in order to insert the rework section plug 54 into place in the cut-out cellular core
section 53.

According to further aspects, without being bound to any particular theory, it is believed
that the adhesive 56 that is selected for use and applied to both, or either of the cellular rework
section plug 54 and the cut-out cellular core section 53 would act as a lubricant to facilitate the
insertion of the rework section plug 54 into place in the cut-out cellular core section 53. Again,
without being bound to any particular theory, it is believed that the adhesive 56 that is selected
for use and applied to both, or either of the cellular rework section plug 54 and the cut-out
cellular core section 53, would also act as gap filler as needed.

As shown in FIG. 20, the cellular rework section plug 54 is inserted downwardly into the
cut-out cellular core 53 section, to a desired depth, for example, until the bottom of the cellular
rework section plug 54 engages the outer facesheet 38, and such that the top surface of the
cellular rework section plug 54 is substantially “flush” with the top surface of the cut-out cellular
core 53, as shown in FIG. 21.

FIG. 21 further shows a bond line 57 now established in the reworked cellular panel 34,
with the bond line 57 effectively outlining the perimeter of the cellular rework section plug 54.
Positioning the cellular rework section plug 54 into its final or near final position can be
accomplished with any method that does not adversely impact the structural integrity of the
cellular rework section plug 54 or the cut-out cellular core 53. Such methods include, without
limitation, vacuum or other pressure-assisted manual or automatic mechanical means, including,
but not limited to, processes such as “vacuum bagging”, etc. As shown in FIG. 21, the cellular
rework section plug 54 is fully inserted into a final position in the cut-out-cellular core section
53, to complete the rework of the “original” cellular core 34, now referred to in FIGs 21, 22, 23
and 24 as the reworked cellular core 58.

According to an aspect of the present disclosure not shown, film, paste, or other adhesive
can be applied to the bottom of the rework section plug 54 and/or to the area of the outer
facesheet 38 that is beneath the cut-out cellular core 53 (e.g., the inner surface of the outer
facesheet), so that the rework section plug 54 is bonded to the outer facesheet 38. The rework
area is then subjected to elevated temperature in order to cure the thermal adhesive and thereby
bond the rework section plug 54 to the cut-out cellular core section 53. Other cure techniques are
also contemplated including, but not limited to, curing techniques involving elevated temperature

and/or pressures, as well as ambient cure techniques.
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FIG. 22 is a cross-sectional side view of the reworked acoustic panel 60 with the cellular
core 34 having now been reworked into the reworked cellular core 58. Techniques can be used
to repair the inner facesheet 36 that will cover the reworked cellular core 58. For example, the
area 64 of the inner facesheet 36 surrounding the rework area 35 may be scarfed at scarf 64, and
rework patch 68 may be fabricated having a taper 62 that substantially matches the scarf 64. A
layer of adhesive 66 can be applied to the rework area 35. Another layer of adhesive 69 can be
used to adhesively bond the rework patch 68 to the inner facesheet 36, followed by, for example,
vacuum bagging techniques to press the rework patch 68 against the inner facesheet 36. While
FIG. 22 shows a scarfing lap-joint, aspects of the present disclosure further contemplate that, if
desired, other joints (not shown) can be accomplished other than a scarfing lap joint, including,
for example and without limitation, a set-lap joint, etc. Further, according to aspects of the
present disclosure, the rework patch 68 may be equivalently referred to herein as a “covering
layer”. In further aspects, a separate covering layer may cover the rework patch, so that both a
rework patch and a covering layer are present.

Aspects of the present disclosure as shown in the FIGs. contemplate reworking acoustic
panels by entering the panel through the inner facesheet 36. However, so long as the legs of the
guide can be inserted into the cells of the cellular core to a distance adequate to effect the
required severing of the cell walls, further aspects contemplate reworking the acoustic panel by
accessing the cellular core via the outer facesheet 38 side of the acoustic panel. Again, the
location of the septums 48 in each cell may dictate which side of the acoustic panel to access for
reworking. However, it is theoretically possible to perform the rework from either side of the
acoustic panel.

According to aspects of the present disclosure, the curing of the layers of adhesive 66, 69
can occur concurrently with, or subsequent to, the vacuum bagging or other techniques used to
effect the replacement section of the inner facesheet covering the rework area of 35 conducted on
the cellular core 34

For acoustic panels being reworked, the adhesive 66, 69 as well as the rework patch 68
are selected such that material from the adhesive 66, 69 and the rework patch 68 will not descend
or “weep” into the cells 46 they are covering. With respect to the rework patch 68 for acoustic
panels, a prepreg system (e.g., BMS-8256, etc.) can be selected that can be cured separately or
co-cured with the adhesives 56, 66, 69 used to rework the panel.

FIG. 23 shows a perspective view of the reworked acoustic panel 60 shown in FIG. 22.

If desired, curing can be conducted in one step to cure the adhesive 56 applied to the cut-out
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cellular core section 53 and the cellular rework section plug 54 as well as the layers of adhesive
66 and 69, and the rework patch 68, if the material used to make the rework patch 68 requires
curing (e.g., if the rework patch comprises a prepreg or other composite material).

As shown in FIG. 24, after curing, if restoration of structural and acoustic properties, for
example, in an acoustic panel, is desired, acoustic perforations are restored to the reworked inner
facesheet 71 covering the rework area 35 of the reworked acoustic panel 60. As shown in FIG.
24 such perforations 44 are physically installed in the reworked inner facesheet 71 of the
reworked acoustic panel 60, for example, by drilling with drill 70.

Aspects of the present disclosure contemplate restoring perforations to the inner facesheet
manually or in an automated fashion. Further aspects contemplate that an automated machine,
for example, controlled manually or by a computer-controlled machine, etc., can perform desired
perforation operations such as, for example, by punching or drilling the perforations into the
replacement area of the facesheet to form the desired perforation pattern.

Though not shown in FIG. 24, aspects of the present disclosure contemplate the use of a
template or other type of guide to assist in restoring a desired perforation pattern into the
reworked inner facesheet, in conjunction with the perforation drilling operation, and for example,
to insure the proper location and orientation of the perforations relative to each cell (e.g.,
centered perforations relative to each cell, etc.).

FIG. 25 is a flowchart outlining aspects of the present disclosure directed to a method
100 for cutting cellular (e.g., honeycomb core) sections from a cellular panel, with the panel
comprising an intact septum in each cell, by inserting 102 a guide into the cellular core, inserting
104 a cutting element into the guide, and severing 106 a cellular core cellular cell wall from
adjoining cellular core cell walls at cell wall junctures to form a removable cellular section and a
cut-out cellular core section, with the cut-out cellular core section comprising an intact septum in
each cell after the cutting operation. The methods outlined in FIG. 25 are contemplated to be
used in the cutting step 302 shown in the methods outlined in FIG. 27.

FIG. 26 is a flowchart outlining further aspects of the present disclosure directed to a
method 200 for cutting cellular (e.g., honeycomb core) rework section plugs from cellular panel
stock material, otherwise referred equivalently to herein as cellular panel stock or cellular panel
“blank”, with the cellular panel stock comprising an intact septum in each cell, by inserting 202 a
guide into the cellular rework stock, inserting 204 a cutting element into the guide, and severing
206 cellular rework stock cell walls from adjoining cellular rework stock cells at cell wall

junctures to form a cellular rework section plug. The cellular rework section plug is sized to a
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dimension that is substantially similar to the space left in the removable cut-out cellular core
section. The methods outlined in FIG. 26 are contemplated to be used in the cutting step 402
shown in the methods outlined in FIG. 28.

FIGs. 27A and 27B are flowcharts outlining methods 250 and 300, respectively, for
reworking an acoustic panel, according to aspects of the present disclosure. By precisely cutting,
or severing cell walls 45 of a cellular core at a cell wall juncture, for example, by using the
presently disclosed guides and apparatuses of the present disclosure, a predetermined area 35 of
cellular core material requiring rework may be removed from the cellular core 34 such that,
when the cellular area requiring rework 35 is precisely severed in a predetermined manner from
the cellular core 34, and removed from the cellular core, the cut-out cellular core section 53 that
remains comprises intact cells 46 (and therefore intact cell walls 45, with the intact cells 46
retaining an intact septum 48 in each cell.

Similarly, by precisely cutting, or severing cell walls 45 of a cellular core stock material
at a cell wall juncture, for example, by using the presently disclosed guides and apparatuses of
the present disclosure, a cellular rework section plug 54 can be cut from cellular core stock
material. The cellular rework section plug comprises intact cells 46 (and therefore intact cell
walls 45), with the intact cells 46 retaining an intact septum 48 in each cell.

FIG. 27A, describes an aspect directed to a method 250 wherein a removable cellular
core section 51 is removed 304 from the cellular core 34 to form an area of exposed cellular core
in the cut-out cellular core section 53 that remains. The removable cellular core section 51 is
discarded. A cellular rework section plug 54 is inserted 306 into the exposed area of the cut-out
cellular core 53. According to this method 250 and method 300 as outlined in FIG. 27B, (and
method 400 as outlined in FIG. 28) a predetermined area of cellular core material requiring
rework 35 is removed from the cellular core 34 such that, when the cellular area requiring
rework 35 is severed from the cellular core 34, and removed from the cellular core 34 as
removable cellular core section 51, the cut-out cellular core section 53 that remains, comprises
intact cells 46 (and therefore intact cell walls 45), with the intact cells 46 retaining an intact
septum 48 in each cell 46. Similarly, by precisely cutting, or severing cell walls 45 of a cellular
core stock material 55 at a cell wall juncture 49, for example, by using the presently disclosed
guides and apparatuses of the present disclosure, a cellular rework section plug 54 can be cut
from cellular core stock material 55. The cellular rework section plug 54 comprises intact cells
46 (and therefore intact cell walls 45), with the intact cells 46 retaining an intact septum 48 in

each cell. As shown in FIG. 27A, the cellular rework section plug 54 is inserted 306 into the
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cellular core section. The insertion may be accomplished manually or with the aid of a
mechanical device that may or may not be automated.

FIG. 27B describes another aspect directed to a method 300 that accomplishes the steps
of the method 250 outlined shown in FIG. 27A with additional steps provided. As shown in
FIG. 27B, one or more covering layers of the acoustic panel are first removed in a step of
removing 301 a covering layer from the acoustic panel to expose the cellular core 34, followed
by, for example, using the presently disclosed guides and apparatuses of the present disclosure
for cutting 302 the cellular core 34 to form a removable cellular section 51. The removable
cellular section 51 that has been severed from the cellular core 34 is removed 304 to form a
cellular cut-out section 53 that remains. Adhesive is applied 305 to at least one of the exposed
cells 46 of the cut-out cellular core section 53 and/or the exposed cells 46 of the cellular rework
section plug 54 exterior. The application of the adhesive may be done manually or mechanically
and in an automated fashion, if desired. Any suitable adhesive is contemplated according to
aspects of the present disclosure, including, without limitation, curable resin-based adhesives
such as, for example epoxy resin-based adhesives. The cellular rework section plug (54) is
inserted 306 manually or with the aid of a mechanical device that may or may not be automated
into the exposed area of the cut-out cellular core (53) and the cellular rework section plug (54) is
adhered 308 to the cut-out cellular core section (53) to form a reworked cellular core. FIG. 27B
further shows the steps of adhering 309 at least one covering layer over the reworked cellular
core followed by curing 310 the covering layer. As contemplated by aspects of the present
disclosure, the covering layer used replicates the characteristics of the original covering layer
that is partially removed to expose the cellular core, and includes, without limitation composite
materials, metals, etc. If desired, the replacement covering layer may differ in material and/or
characteristics from the original covering layer that is partially removed to expose the cellular
core. Curing of the adhesives used may be required and is therefore also contemplated. The
curing may follow heat- and/or pressure based regimens, although other curing methods are
contemplated herein for use with adhesive systems that can be cured in other ways including,
without limitation, ultraviolet (UV) curing, ultrasonic curing, etc. According to further aspects,
co-curing of adhesive layers and additional covering layers can be accomplished during the
curing 310 step, if desired.

FIG. 28 is a flowchart describing another aspect directed to a method 400 for reworking
an acoustic panel comprising, for example, using the presently disclosed guides and apparatuses

of the present disclosure, cutting 402 an area of cellular core material from an acoustic panel to
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form a cut-out cellular core section and removing 404 a removable cellular core section 51 to
form the cut-out cellular core section 53. Optionally, if required, before the step of cutting 302,
one or more covering layers are first removed in a step of removing 401 a covering layer from an
acoustic panel to expose the cellular core. A cellular rework section plug 54 is formed 406 by
removing the cellular rework section plug from a cellular panel stock according to aspects of the
present disclosure, for example, by using the presently disclosed guides and apparatuses of the
present disclosure, with the cellular rework section plug sized to a dimension substantially
similar to the removed cellular core and the cut-out cellular core section. Adhesive is applied
407 to at least one of the exposed cellular core and the rework section plug exterior. The cellular
rework section plug is inserted 408 into the cut-out cellular core section and the cellular rework
section plug is adhered 410 to the cut-out cellular core section to form a reworked cellular core.

Aspects of the present disclosure find use in a variety of potential applications,
particularly in the transportation industry including, for example, aerospace, marine, automotive
applications and other application where acoustic panels can be employed and are desired. Thus,
referring now to FIGs. 29 and 30, aspects of the disclosure may be used in the context of an
aircraft manufacturing and service method 500 and aircraft 600 including at least in the
component and subassembly manufacturing 506, system integration 508, maintenance and
service 514, in the assembly and maintenance of the aircraft airframe 602, and through aircraft
interior 604.

Aircraft applications of the disclosed aspects may include, for example, and without
limitation, repair of acoustic areas around engines, such as engine nacelles and thrust reversers.
During pre-production, exemplary method 500 includes specification and design 502 of the
aircraft 600 and material procurement 504. During production, component and subassembly
manufacturing 506 and system integration 508 of the aircraft 600 takes place. Thereafter, the
aircraft 600 may go through certification and delivery 510 in order to be placed in service 512.
While in service by a customer, the aircraft 600 is scheduled for routine maintenance and service
514, which may also include modification, reconfiguration, refurbishment, and so on.

Each of the processes of method 500 can be performed or carried out by a system
integrator, a third party, and/or an operator (e.g., a customer). For the purposes of this
description, a system integrator may include, without limitation, any number of aircraft
manufacturers and major-system subcontractors. Further, a third party may include, without
limitation, any number of vendors, subcontractors, and suppliers; and an operator may be an

airline, leasing company, military entity, service organization, and so on.
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As shown in FIG. 30, the aircraft 600 produced by exemplary method 500 can include an
airframe 602 with a plurality of systems 603 and an interior 604. Examples of high-level systems
603 include, without limitation, one or more of a propulsion system 604, an electrical system
608, a hydraulic system 610, and an environmental system 612. Any number of other systems
can be included. Although an aerospace example is shown, aspects of the present disclosure may
be applied to other industries, such as the marine and automotive industries.

Systems and methods embodied herein may be employed during any one or more of the
stages of the production and service method 500. For example, components or subassemblies
corresponding to production process 506 may be fabricated or manufactured in a manner similar
to components or subassemblies produced while the aircraft 600 is in service. Also, one or more
apparatuses, methods, or a combination thereof may be used during the production stages 506
and 508, for example, by substantially expediting assembly of or reducing the cost of an aircraft
600. Similarly, one or more of apparatus embodiments, method embodiments, or a combination
thereof may be utilized while the aircraft 600 is in service, for example and without limitation, to
maintenance and service 514 the aircraft 600.

For cellular core rework that need not involve acoustic characteristics, the rework
methods according to aspects of the present disclosure also afford advantages over known
methods of cellular core panel rework, especially where the reestablishment of a desired degree
of substantially uniform structural integrity is desired. For example, presently disclosed methods
obviate the need for foam adhesives or film adhesives that, for example, may otherwise
contribute to unwanted depressions or deformations in replacement repair skins. In addition,
when a rework of a non-acoustic panel is required, aspects of the present disclosure can employ a
wet layup replacement skin ply or plies over cellular core rework area, as opposed to prepreg
application that can be used as coverings for inner facesheets of acoustic panels. In such
circumstances of non-acoustic panel rework, aspects of the present disclosure further
contemplate rework methods not requiring reestablishment of perforations into inner facesheets,
for example.

The present disclosure therefore further contemplates reworking panels, portions of
panels and aircraft and potions of aircraft made using the cutting instruments and apparatuses
disclosed herein. The present disclosure further contemplates the use of the disclosed methods to
make the disclosed reworked panels or reworked portions of panels in the manufacture of
objects, including stationary structures including, without limitation buildings, supports, etc.

The disclosed reworked panels and reworked portions of panels and methods of their
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manufacture as well as the use of the disclosed cutting instrument and disclosed apparatuses are
further contemplated for use in the manufacture of reworked panels and reworked portions of
vehicles, such vehicles including manned and unmanned aircraft, manned and unmanned
spacecraft, manned and unmanned rotorcraft, manned and unmanned terrestrial vehicles, manned
and unmanned surface water borne vehicles, manned and unmanned sub-surface water borne
vehicles, and satellites, etc.

The present apparatus and method is also referred to in the following clauses which are
not to be confused with the claims.

Al.  Aguide (10) (10a) for a cutting instrument, the guide comprising:

a base (11);

at least one leg (12) in communication with the base, and

a guide slot (13) extending longitudinally through the base, said guide slot defined

by the leg and the base.

A2.  There is also provided, the guide (10) (10a) of Paragraph Al, wherein the guide

comprises a plurality of legs (12) in communication with the base (11).

A3.  Reworking a portion of an aircraft (600) using the guide (10) (10a) of Paragraph
Al.
According to a further aspect of the present apparatus, there is provided:

B1l.  An apparatus (14) comprising:

a guide (10) (10a), said guide comprising a base (11), said base
comprising at least one leg (12), said leg dimensioned to extend into a cellular core cell (46) in
an area (35), of a cellular core (34) said cellular core cell (46) comprising a plurality of cell walls
(45), said guide (10) (10a) comprising a guide slot (13) defined by the leg (12) and the base (11),
said guide slot (13) extending longitudinally within the guide (12); and

a cutting instrument (17).

B2.  There s also provided, the apparatus (14) of Paragraph B1, wherein the cutting
instrument (17) is configured to engage the guide slot (13), said cutting instrument (17)
comprising a blade (15), said blade (15) further configured to move longitudinally within a
length of the guide slot (13), said blade (15) comprising a leading cutting edge (16).
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B3.  Reworking a portion of an aircraft (600) using the apparatus (14) of Paragraph
B2.

According to a further aspect of the present method, there is provided:

C1. A method (250) (300) (400) comprising:
removing (304) (404) a removable cellular section (51) from a cellular
core (34) to form a cut-out cellular core (53), said cut-out cellular core (53) comprising intact
cells (46), said cells (46) comprising an intact septum (48) in each cell (46); and
inserting (306) (406) a cellular rework section plug (54) into the cut-out
cellular section (53), said cellular rework section plug (54) comprising intact cells (46), said cells

(46) comprising an intact septum (48) in each cell.

C2. There is also provided, the method (250) (300) (400) of Paragraph C1, wherein,
before the step of removing (304) (404) a removable cellular section (51) from a cellular core
(34), further comprising:

cutting (302) (402) an area (35) from a cellular core (34) to form a
removable cellular section (51).

C3. There is also provided, the method (250) (300) (400) of Paragraph C1, wherein, in
the step of removing (304) (404) a removable cellular section (51) from a cellular core (34) to
form a cut-out cellular core (53), said cut-out cellular core (53) comprising intact cells (46), said
cells (46) further comprising:

a plurality of exposed cell walls (45).

C4. There is also provided, the method (250) (300) (400) of ParagraphC1, wherein, in
the step of inserting (306) (406) a cellular rework section plug (54) into the cut-out cellular core
(53), said cellular rework section plug (54) comprising intact cells (46), said cells (46) further
comprising:

a plurality of exposed cell walls (45).
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C5.  There is also provided, the method (250) (300) (400) of Paragraph C1, further
comprising:
adhering (308) the cellular rework section plug (54) to the cut-out cellular core (53) to

form the reworked cellular core (58).

C6.  There is also provided, the method (250) (300) (400) of Paragraph C1, the cut-out

cellular core (53) further comprising a cut-out cellular core (53) geometry.

C7.  There is also provided, the method (250) (300) (400) of Paragraph C1, wherein
the cellular rework section plug (54) geometry substantially matching the cut-out cellular core

(53) geometry.

Cs. There is also provided, the method (250) (300) (400) of Paragraph C1, wherein at
least one of the cellular core (34) and the cellular rework section plug (54) comprising a

honeycomb structure.

C9.  There is also provided, the method (250) (300) (400) of Paragraph C1, wherein,
before the step of inserting (306) (408) a cellular rework section plug (54), further comprising:
inserting (202) a guide (10) (10a) to a predetermined depth into a cellular
panel
stock material (55) , said cellular panel stock material (55)
comprising a
plurality of adjoining cells (46), each of said adjoining cells (46)
comprising intact cell walls (46) and a septum (48); said guide comprising
at least one leg (12);
receiving (203) a leg (12) of a guide(10) (10a) into at least one of the adjoining
cells (46);
inserting (204) a cutting instrument (17) into the guide (12); and

severing (206) a cell wall (45) from an adjoining cell wall (45) of an adjoining

cell (46) at a cell wall juncture (49) to form (406) the cellular rework

section plug (54).
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C10. A portion of an aircraft (600) reworked according to the method (250) (300) (400)
of Paragraph CL1.

C11. A cellular core (58) made according to the method (250) (300) (400) of Paragraph
ClL.

C12. A panel (60) comprising the reworked cellular core (58) made according to the
method (250) (300) (400) of Paragraph C1.

C13. Anacoustic panel (60) comprising the reworked cellular core (58) made
according to the method (250) (300) (400) of Paragraph C1.

C14. There is also provided, the method (300) (400) of Paragraph C2, wherein, in the
step of cutting (302) (402) an area (35) from a cellular core (34) to form a removable cellular
core section (51) in the cellular core (34), further comprising:

inserting (102) a guide (10) (10a) to a predetermined depth into at least
one cell

(46) of the cellular core (34), said cellular core comprising a plurality of

adjoining cells (46), each of said adjoining cells comprising cell walls (45)

and a septum (48); said guide (10) (10a) comprising at least one leg (12);

receiving (103) the leg (12) of the guide (10) (10a) into at least one of the

adjoining cells;

inserting (104) a cutting instrument (17) into the guide (12);

severing (106) a cell wall (45) completely from an adjoining cell wall (45) of an

adjoining cell (46) at a cell wall juncture (49).

C15. There is also provided, the method (300) (400) of Paragraph C2, wherein, before
the step of cutting (302) (402) an area (35) from a cellular core (34), further comprising:
removing (301) (401) a portion of at least one layer (36) from an acoustic

panel (32) to expose a cellular core (34).
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C16. There is also provided, the method (250) (300) (400) of Paragraph C2, wherein,
before the step of inserting (306) (408) the cellular rework section plug (54) into the cut-out
cellular core (53) , further comprising:

applying (305) an adhesive (56) to at least one of the cut-out cellular core (53) and the

cellular rework section plug (54).

C17. There is also provided, the method (300) of Paragraph C5, wherein, after the step
of adhering (308) the cellular rework section plug (54) to the cut-out cellular core (53) to form a
reworked cellular core (58), further comprising:
adhering (309) at least one covering layer (68) over the reworked cellular
core (58), said covering layer (68) comprising at least one composite

material layer.

C18. There is also provided, the method (300) of Paragraph C17, wherein, in the step
of adhering at least one covering layer (68), said covering layer (68) comprising perforations
(44).

C19. There is also provided, the method (300) of Paragraph C17, wherein, after the
step of adhering (309) at least one covering layer (68) over the reworked cellular core (58),
further comprising:

curing (310) the covering layer (68).

C20. There is also provided, the method (300) of Paragraph C19, wherein, in the step
of curing (310) the covering layer (68), further comprising:

co-curing the adhesive (56) and the covering layer (68).

C21. There is also provided, the method (300) of Paragraph C19, wherein, after the
step of curing (310) the covering layer (68), further comprising:
perforating the covering layer (68) to form acoustic perforations (44) extending

through the covering layer (68).

C22. A portion of an aircraft (600) reworked according to the method (300) of
Paragraph C21.
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According to a further aspect of the present method, there is provided:

D1. A method of cutting (300) (400) an area (35) from a cellular core (34) to form a
removable cellular core section (51) and a cut-out-cellular core section (53) in the cellular core
(34) comprising:

inserting (102) a guide (10) (10a) to a predetermined depth into a least one cell
(46) of the cellular core (34);

receiving (103) a leg (12) of the guide (10) (10a) into at least one cell (46);

inserting a cutting instrument (14) into the guide (10) (10a); and

severing (106) a cell wall (45) of the cell (46) completely from an adjoining cell
wall (45) of an adjoining cell (46) at a cell wall juncture (49).

D2.  There is also provided, the method (300) (400) of Paragraph D1, wherein, in the
step of severing (106) a cell wall (45) of the cell (46), the cut-out cellular core section (53)
comprising a plurality of adjoining cells (46), each of said adjoining cells (46) comprising intact

cell walls (45) and an intact septum (48) in each cell (46).

D3.  The reworked cellular core (58) of Paragraph D1, wherein the reworked cellular
core (58) comprises a honeycomb structure.

D4. A portion of an aircraft (600) reworked according to the method (300) (400) of
Paragraph D1.

D5.  An object (20) (600) comprising the acoustic panel (60) of Paragraph D1.

D6. The object (20) (600) of Paragraph D5, wherein the object (20) (600) comprises
an aircraft engine (20).

D7. A vehicle (600) comprising the object (20) (600) of Paragraph D5.

D8. The vehicle (600) of Paragraph D7, wherein the vehicle comprises at least one of:

a manned aircraft, and unmanned aircraft, a spacecraft, an unmanned spacecraft, a manned
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rotorcraft, an unmanned rotorcraft, a manned terrestrial vehicle, an unmanned terrestrial vehicle,
a manned surface water borne vehicle, an unmanned surface water borne vehicle, a manned sub-

surface water borne vehicle or an unmanned sub-surface water borne vehicle.

Aspects of the present disclosure can, of course, be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of aspects disclosed
herein. The presently disclosed aspects are to be considered in all respects as illustrative and not
restrictive, and all changes coming within the meaning and equivalency range of the appended

claims are intended to be embraced therein.
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CLAIMS

1. A guide for a cutting instrument, the guide comprising:

a base;

at least one leg in communication with the base, and

a guide slot extending longitudinally through the base, said guide slot defined by the
leg and the base.

2. The guide of Claim 1, wherein the guide comprises a plurality of legs in

communication with the base.

3. Reworking a portion of an aircraft using the guide of Claim 1.

4. A method comprising:

removing a removable cellular section from a cellular core to form a cut-out cellular
core, said cut-out cellular core comprising intact cells, said cells comprising an intact septum
in each cell; and

inserting a cellular rework section plug into the cut-out cellular section, said cellular
rework section plug comprising intact cells, said cells comprising an intact septum in each
cell.

5. The method of Claim 4, wherein, before the step of removing a removable cellular
section from a cellular core, further comprising:

cutting an area from a cellular core to form a removable cellular section.

6. The method of Claim 4, wherein, in the step of removing a removable cellular section
from a cellular core to form a cut-out cellular core, said cut-out cellular core comprising
intact cells, said cells further comprising:

a plurality of exposed cell walls.

7. The method of Claim 4, wherein, in the step of inserting a cellular rework section
plug into the cut-out cellular core, said cellular rework section plug comprising intact cells,
said cells further comprising:

a plurality of exposed cell walls.
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8. The method of Claim 4, further comprising:
adhering the cellular rework section plug to the cut-out cellular core to form the

reworked cellular core.

9. The method of Claim 4, the cut-out cellular core further comprising a cut-out cellular

core geometry.

10.  The method of Claim 4, wherein the cellular rework section plug geometry

substantially matching the cut-out cellular core geometry.

11. The method of Claim 4, wherein at least one of the cellular core and the cellular

rework section plug comprising a honeycomb structure.

12.  The method of Claim 4, wherein, before the step of inserting a cellular rework section
plug, further comprising:

inserting a guide to a predetermined depth into a cellular panel stock material, said
cellular panel stock material comprising a plurality of adjoining cells, each of said adjoining
cells comprising intact cell walls and a septum; said guide comprising at least one leg;

receiving a leg of a guide into at least one of the adjoining cells;

inserting a cutting instrument into the guide; and

severing a cell wall from an adjoining cell wall of an adjoining cell at a cell wall

juncture to form the cellular rework section plug.

13.  The method of Claim 5, wherein, in the step of cutting an area from a cellular core to
form a removable cellular core section in the cellular core, further comprising:

inserting a guide to a predetermined depth into at least one cell of the cellular core,
said cellular core comprising a plurality of adjoining cells, each of said adjoining cells
comprising cell walls and a septum; said guide comprising at least one leg;

receiving the leg of the guide into at least one of the adjoining cells;

inserting a cutting instrument into the guide;

severing a cell wall completely from an adjoining cell wall of an adjoining cell at a

cell wall juncture.
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14.  The method of Claim 5, wherein, before the step of cutting an area from a cellular

core, further comprising:
removing a portion of at least one layer from an acoustic panel to expose a cellular

core.

15.  The method of Claim 5, wherein, before the step of inserting the cellular rework
section plug into the cut-out cellular core, further comprising:
applying an adhesive to at least one of the cut-out cellular core and the cellular rework

section plug.
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