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Description

FIELD

[0001] The present disclosure relates generally to
composite structures and, more particularly, to a method
and apparatus for removing out-of-tolerance areas within
a composite structure in relation to restoring the compos-
ite structure.

BACKGROUND

[0002] Composite structures occasionally include lo-
calized areas in the composite structure that may not
conform to product and/or performance specifications for
any one of a variety of reasons. For example, areas of
the structure may be out-of-tolerance because of incon-
sistencies such as, without limitation, voids, dents, po-
rosities and bow waves. A bow wave may be character-
ized as a local distortion or ripple in one or more plies of
a composite structure and may occur during the process
of manufacturing or curing of the composite structure.
[0003] Such localized areas of composite structures
may be reworked in order to reduce or eliminate non-
conformities and thereby restore the structure. The re-
work process may include removing material from the
structure and then replacing the removed material with
a composite patch that may be bonded to the structure.
During the material removal process, the edges of the
rework area may be tapered, scarfed or formed in any
one of a variety of alternative configurations in order to
form a scarf joint, a step-lap joint or any alternative joint
configuration between the structure and the bonded
patch.
[0004] The above-described rework process may re-
quire manual removal of the material by a skilled techni-
cian using a handheld grinder or similar tool. The manual
removal of composite material may be labor intensive.
Furthermore, the accuracy with which the composite ma-
terial may be removed may be dependant upon the ex-
pertise of the technician. In this regard, the consistency
of the rework of composite structures may vary.
[0005] Accordingly, there is a need for a method and
apparatus for reworking or restoring composite struc-
tures in which the localized removal of material to elimi-
nate out-of-tolerance areas is rapid, accurate and pre-
dictable, while minimizing manual effort.
[0006] WO 2004/106847 A1 discloses a method and
apparatus for measuring the depth of a hole in a com-
posite-material workpiece being machined by a rotating
and orbiting cutting tool.
[0007] EP 0 359 660 discloses a device and method
for optically checking holes drilled in a hollow blade of a
turbomachine. A light source is used to illuminate the
internal cavity of the blade, the length of the blade is
scanned by means of a video camera, a recording is
made of the luminance of the rays which have passed
through the holes in the part to be checked, the sequence

of data thus gathered is converted into electrical signals
and the signals are compared with a train of reference
signals which is predetermined from a standard part.
[0008] US 2008/281554 A1 discloses a composite re-
pair system and method for assisting in the repair of a
cured composite part in which a damaged portion has
been cut out and removed, exposing a plurality of com-
posite plies and their corresponding composite ply edges
[0009] US 6 174 392 B1 discloses a method for repair-
ing a multi-layered damage area in a multi-layered com-
posite structure. The method first includes obtaining
depth measurement data, and obtaining topographical
measurement data by laser scanning the surface of the
damage area. The damage area is removed by first pro-
jecting a two-dimensional laser pattern of the damage
area thereat on the surface of the structure, and there-
after manually removing the area to produce a void. Re-
pair is accomplished by projecting onto respective re-
placement material a two-dimensional laser image pat-
tern of each layer and manually cutting that layer accord-
ing to the appropriate pattern.
[0010] US 5 207 541 A discloses a method and appa-
ratus for producing a controlled tapered cut on a curved
surface in preparation for repairing a damaged area on
the surface.

SUMMARY

[0011] According to an aspect of the invention, there
is provided a method of restoring a composite structure
having at least one out out-of-tolerance area, the method
as defined in claim 1.
The disclosed embodiments provide a method and ap-
paratus for reworking and/or restoring out-of tolerance
areas of composite structures in which material is re-
moved from the structure by a user-facilitated process in
order to provide consistent, predictable and accurate re-
sults. A machine head operated in a user-facilitated man-
ner by a programmable numerical controller may include
a video camera to allow for video scanning of the struc-
ture in order to locate out-of-tolerance areas. The ma-
chine head may remove material from the structure
based upon the location of additional out-of-tolerance ar-
eas revealed by the video scan.
[0012] A cutting tool on the machine head may remove
the material from the structure and form a scarf in the
structure surrounding the area being reworked. The scarf
may facilitate the formation of a scarf joint between the
structure and a repair patch that may be bonded to the
scarf joint to restore the structure. The steps of removing
a user-defined quantity of layers of material, pausing after
removal of the removal of each one of the layers, video
scanning the area uncovered by the removal of the layer
to locate additional out-of-tolerance areas, and editing
the tool path of the machine head such that the volume
of material for removal includes the additional out-of-tol-
erance area may be iteratively performed to eliminate
multiple out-of-tolerance areas in the structure.
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[0013] In an embodiment, a method of removing at
least one out-of-tolerance area in a composite structure
comprises the steps of determining the location of the
out-of-tolerance area within the structure. A volume may
be selected for removal from the composite structure
based on the location of the out-of-tolerance area in the
composite structure. The method may include the use of
a machine tool which may be programmed to remove the
volume and to pause after removal of each one of a quan-
tity of layers of the volume. The method may further in-
clude removing one of the layers using the programmed
machine tool.
[0014] In a further embodiment, disclosed is a method
of restoring a composite structure having at least one
out-of-tolerance area. The method may comprise the
steps of locating the boundaries of the out-of-tolerance
area within the structure and calculating a volume of ma-
terial for removal from the composite structure based up-
on the boundaries. A tool path may be calculated for guid-
ing a machine tool for removal of the volume. A quantity
of layers may be selected for the volume to allow for
pausing of the machine tool following removal of each
one of the layers. A controller may be programmed with
the calculated tool path and the  quantity of layers of the
volume. The method may include removing one of the
layers using the machine tool and pausing the machine
tool after removal of the layer.
[0015] The area of the composite structure uncovered
by the removal of the layer may be scanned such as with
a video camera to locate the boundaries of an additional
out-of tolerance area. The controller programming may
be edited such that the volume of material for removal
includes the additional out-of-tolerance area. The above-
mentioned steps of removing one of the layers, pausing
the machine tool, scanning the area of the composite
structure uncovered by the removal of the layer, and ed-
iting the controller programming, may be iteratively per-
formed until the volume of material is removed. The vol-
ume of the composite structure removed by the machine
tool may then be replaced.
[0016] Also disclosed is a method of restoring a com-
posite airframe containing at least one out-of-tolerance
area. The method may comprise mounting a machine
tool on the airframe and locating the boundaries of the
out-of-tolerance area in the airframe. A set of data defin-
ing the airframe geometry may be retrieved for use in
calculating a volume of material of the airframe to be
removed based on the boundaries of the out-of-tolerance
area and the airframe geometry. A quantity of layers of
the volume may be selected for which the machine tool
may be paused following removal of each one of the lay-
ers. The controller may be programmed with a tool path
and the quantity of layers. The method may include re-
moving one of the layers using the machine tool, pausing
the machine tool after removal of the layer, and scanning
the area of the airframe uncovered by the removal of the
layer to determine the existence of an additional out-of-
tolerance area.

[0017] The above-mentioned methods may be per-
formed using a machine tool configured for removing at
least one out-of-tolerance area in a composite structure.
The machine tool may comprise a machine head mova-
ble along at least one axis over the composite structure
and at least one of a video camera and a non-destructive
inspection (NDI) scanner mounted to the machine head
for scanning the composite structure and locating the out-
of-tolerance area. The machine tool may further com-
prise a cutting tool mounted to the machine head and
which may be movable along a tool path for removing a
volume containing the out-of tolerance area. A controller
may also be included and may be programmable with a
quantity of layers of the volume for which the cutting tool
may be paused following removal of each one of the lay-
ers. The machine tool may additionally comprise a user
interface coupled with the computer for editing the tool
path and/or the quantity of layers of the volume.
[0018] In a further embodiment, the machine tool may
be configured to remove a plurality of out-of-tolerance
area in a multi-ply composite structure. The machine tool
may comprise a  frame configured to be placed on the
composite structure and a machine head mounted to the
frame movable along at least one axis over the composite
structure. A video camera and/or a non-destructive in-
spection (NDI) scanner may be mounted to the machine
head for scanning the composite structure and locating
the out-of-tolerance area. The machine tool may addi-
tionally comprise a cutting tool mounted to the machine
head for removing a volume containing the out-of-toler-
ance area.
[0019] A computer may be included for calculating a
volume and generating a tool path for the machine tool.
A controller may be coupled with the computer for con-
trolling the movement of the machine head and the op-
eration of the cutting tool. The controller may be program-
mable with a quantity of layers of the volume for which
the machine tool is paused following removal of each one
of the layers. The machine tool may include a user inter-
face coupled with the computer for editing the tool path
and/or the quantity of layers of the volume. A display may
be coupled to the user interface for viewing an image of
the volume of the composite structure to be removed
and/or for viewing video feed from the video camera of
the area uncovered by the removal of the layer.
[0020] In an arrangement, there is provided a method
of restoring a composite structure having at least one
out-of-tolerance area, the method comprising the steps
of:

locating the boundaries of the out-of-tolerance area
within the structure;
calculating a volume of material for removal from the
composite structure based upon the boundaries;
calculating a tool path for guiding a machine tool for
removal of the volume;
selecting a quantity of layers of the volume for paus-
ing the machine tool following removal of each one
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of the layers;
programming a controller with the calculated tool
path and the quantity of layers of the volume;
removing one of the layers using the machine tool;
pausing the machine tool after removal of the layer;
scanning the area of the composite structure uncov-
ered by the removal of the layer to locate the bound-
aries of an additional out-of-tolerance area;
editing the controller programming such that the vol-
ume of material for removal includes the additional
out-of-tolerance area;
performing iteratively the steps of removing one of
the layers, pausing the machine tool, scanning the
area of the composite structure uncovered by the
removal of the layer, and editing the controller pro-
gramming, until the volume of material is removed;
and
replacing the volume of the composite structure re-
moved by the machine tool.

[0021] Optionally, the step of scanning the area of the
composite structure uncovered by the removal of the lay-
er comprises at least one of the following:

scanning a video camera over the area of the com-
posite structure uncovered by the removal of the lay-
er;
scanning a non-destructive inspection (NDI) scanner
over the area of the composite structure uncovered
by the removal of the layer.

[0022] Optionally, the step of scanning the video cam-
era over the area of the composite structure uncovered
by the removal of the layer includes:

providing video feed to a user of the machine tool
for observation of the location of the additional out-
of-tolerance area.

[0023] Optionally, the method further comprises the
step of:

determining the location of the additional out-of-tol-
erance area based upon the video feed.

[0024] Optionally, the composite structure is a multi-
ply layup, each layer of the quantity of layers comprising
at least one ply, the method further comprising the step of:

editing the controller programming to alter the quan-
tity of layers of the volume.

[0025] In an arrangement, there is provided a method
of restoring a composite airframe containing at least one
out-of-tolerance area, comprising:

mounting a machine tool on the airframe;
locating the boundaries of the out-of-tolerance area;

retrieving a set of data defining the airframe geom-
etry;
calculating a volume of the airframe to be removed
based on the boundaries of the out-of-tolerance area
and the airframe geometry;
selecting a quantity of layers of the volume for which
the machine tool is paused following removal of each
one of the layers;
programming a controller with a tool path and the
quantity of layers; and
removing one of the layers using the machine tool.

[0026] Optionally, the method further comprises the
steps of:

pausing the machine tool; and
scanning the area of the airframe uncovered by the
removal of the layer to determine the existence of
an additional out-of-tolerance area.

[0027] Optionally, the step of scanning the area of the
airframe uncovered by the removal of the layer comprises
at least one of the following:

scanning a video camera over the area of the air-
frame uncovered by the removal of the layer;
scanning a non-destructive inspection (NDI) scanner
over the area of the airframe uncovered by the re-
moval of the layer.

[0028] Optionally, the method further comprises the
step of:

editing the controller programming such that the vol-
ume to be removed includes the additional out-of-
tolerance area.

[0029] Optionally, the steps of removing one of the lay-
ers, pausing the machine tool, scanning the area of the
airframe uncovered by the removal of the layer, and ed-
iting the controller programming, are performing itera-
tively until the volume is removed.
[0030] Optionally, the step of scanning the video cam-
era over the area of the airframe uncovered by the re-
moval of the layer includes:

providing video feed of the area of the airframe un-
covered by the removal of the layer; and
determining the location of the additional out-of-tol-
erance area based upon the video feed.

[0031] Optionally, the step of editing the controller pro-
gramming comprises at least one of the following:

editing the controller programming to remove a bow
wave.

[0032] Optionally, the method further comprises the
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step of:

bonding a patch to the airframe to replace the volume
removed by the machine tool.

[0033] In an arrangement, there is provided a machine
tool for removing at least one out-of-tolerance area in a
composite structure, comprising:

a machine head movable along at least one axis over
the composite structure;
at least one of a video camera and a non-destructive
inspection (NDI) scanner mounted to the machine
head for scanning the composite structure and lo-
cating the out-of-tolerance area;
a cutting tool mounted to the machine head and mov-
able along a tool path for removing a volume con-
taining the out-of-tolerance area; and
a controller being programmable with a quantity of
layers of the volume for which the cutting tool is
paused following removal of each one of the layers.

[0034] Optionally, the machine tool further comprises:

a user interface coupled with the computer for editing
at least one of the tool path and a quantity of layers
of the volume.

[0035] Optionally, the controller is configured to cause
the video camera to scan over the area of the composite
structure uncovered by removal of the layer to identify
an additional out-of-tolerance area.
[0036] Optionally, the video camera is configured to
provide video feed of the area uncovered by the removal
of the layer.
[0037] Optionally, the user interface includes a display
for viewing at least one of the following:

an image of the volume of the composite structure
to be removed;
the video feed of the area uncovered by the removal
of the layer.

[0038] Optionally, the additional out-of-tolerance area
includes a bow wave; and
the user interface is configured to facilitate editing of the
tool path for removal of a bow wave.
[0039] Optionally, the machine tool further comprises:

a database coupled to the computer and defining the
geometry of the structure; and
a program for use by the computer to calculate the
volume to be removed and the tool path based on
the location of the out-of-tolerance area and the ge-
ometry of the structure.

[0040] In an arrangement, there is provided a machine
tool for removing a plurality of out-of-tolerance areas in

a multi-ply composite structure, comprising:

a frame configured to be placed on the composite
structure;
a machine head mounted to the frame and being
movable along at least one axis over the composite
structure;
at least one of a video camera and a non-destructive
inspection (NDI) scanner mounted to the machine
head for scanning the composite structure and lo-
cating at least one of the out-of-tolerance areas;
a cutting tool mounted to the machine head for re-
moving a volume containing the out-of-tolerance ar-
ea;
a computer for calculating the volume and generat-
ing a tool path for the cutting tool;
a controller coupled with the computer for controlling
the movement of the machine head and the opera-
tion of the cutting tool, the controller being program-
mable with a quantity of layers of the volume for
which the machine tool is paused following removal
of each one of the layers;
a user interface coupled with the computer for editing
at least one of the tool path and the quantity of layers;
and
a display coupled to the user interface for viewing at
least one of the following:

an image of the volume to be removed;
a video feed of the area uncovered by the re-
moval of the layer.

[0041] In an arrangement there is provided a method
of restoring a composite structure containing an out-of-
tolerance area, comprising:

determining the location of the out-of-tolerance area
within the structure;
selecting a volume of the structure to be removed
based on the determined location of the out-of-tol-
erance area;
programming a machine tool to remove the selected
volume;
removing the selected volume using the pro-
grammed machine tool; and,
replacing the volume of the structure removed by the
machine tool.

[0042] Optionally, determining the location of the out-
of-tolerance area includes moving a scanner over a sur-
face of the structure.
[0043] Optionally, selecting the volume to be removed
includes:

selecting a layer to be removed from the structure,
and
selecting an angle for a scarf along the edges of the
layer.
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[0044] Optionally, removing the selected volume in-
cludes forming a scarf around the edges of the removed
volume.
[0045] Optionally, selecting a volume of material to be
removed includes selecting an angle for the scarf.
[0046] Optionally, the structure is a multi-ply laminate
and selecting the volume to be removed includes calcu-
lating the amount of material to be removed from each
of the plies.
[0047] Optionally, replacing the volume of structure re-
moved includes bonding a composite patch to the struc-
ture.
[0048] In an arrangement, there is provided a method
of removing one or more out-of-tolerance areas in a com-
posite structure, comprising:

locating the boundaries of the out-of-tolerance area
within the structure;
using the located boundaries to calculate a volume
of material in the structure to be removed that in-
cludes the out-of-tolerance area;
calculating a toolpath used to guide a tool for remov-
ing material from the structure;
programming a controller with the calculated tool-
path; and,
removing the volume of material from the structure
using the tool, including using the programmed con-
troller to control the tool.

[0049] Optionally, locating the boundaries includes
scanning the structure using at least one of -
high and low frequency ultrasound,
ultrasonic resonance,
infrared thermography,
laser shearography,
backscatter X-ray,
electro-magnetic sensing,
terahertz, and
video.
[0050] Optionally, removing the material from the
structure includes forming a scarf along the periphery of
the volume of material removed from the structure.
[0051] Optionally, the method further comprises:

selecting an angle for the scarf, and
wherein calculating the toolpath includes calculating
a toolpath for forming a scarf having the selected
scarf angle.

[0052] Optionally, locating the boundaries of the out-
of-tolerance areas and removing the volume of material
are performed by moving a machine head across the
structure.
[0053] Optionally, locating the boundaries, calculating
the volume of material to be removed and removing the
material are iteratively performed to remove multiple lay-
ers of the structure each containing an out-of-tolerance
area.

[0054] Optionally, the method further comprises:

retrieving data from a database defining the geom-
etry of the structure, and
wherein calculating the volume of material includes
overlaying the determined boundaries of the out-of-
tolerance area and the data defining the geometry
of the structure.

[0055] In an arrangement there is provided an appa-
ratus for removing an out-of-tolerance area in a compos-
ite structure, comprising:

means for determining the location of the out-of-tol-
erance area within the structure;
a material removal tool;
means for determining a volume of the structure to
be removed that contains the out-of-tolerance area
and for determining a toolpath followed by the tool
to remove the volume; and,
automatic control means for automatically control-
ling the movement of the tool along the toolpath.

[0056] Optionally, the means for determining the vol-
ume to be removed and for calculating the toolpath in-
cludes: -

a computer,
a set of data defining the geometry of the structure,
and
a program used by the computer to calculate the
volume to be removed and to calculate the toolpath
based on the geometry of the structure.

[0057] Optionally, the means for determining the loca-
tion of the out-of-tolerance area includes a scanner for
scanning layers of material beneath a surface of the
structure.
[0058] Optionally, the apparatus further comprises:

a frame adapted to be placed on the structure; and
a head supported on the frame for movement along
multiple axes, and wherein the tool is located on the
head, and
the means for determining the location of the out-of-
tolerance area includes a scanner located on the
head.

[0059] Optionally, the apparatus further comprises:

means for displaying an image of the volume of the
structure to be removed, and

means for allowing a user to alter the volume.

[0060] Optionally, the material removal tool includes a
mill,
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the means for determining the location of the out-of-
tolerance area includes a scanner operated by the
automatic control means, and
the automatic control means includes a numerical
controller.

[0061] In an arrangement, there is provided an appa-
ratus for removing an out-of-tolerance area in a compos-
ite structure, comprising:

a scanner for internally scanning the structure and
for identifying the location of an out-of-tolerance area
in the structure;
an automated machine tool including a head mova-
ble along multiple axes over the structure;
a material removal tool mounted on the head for re-
moving material from the structure;
a computer including a program for calculating the
volume of the out-of-tolerance area and for generat-
ing toolpath information used to guide the material
removal tool; and
a controller coupled with the computer for controlling
the movement of the head and the operation of the
material removal tool.

[0062] Optionally, the scanner is mounted on the head
and is operated by the controller.
[0063] Optionally, the apparatus further comprises:

a display coupled with the computer for displaying
an image of the volume of the structure to be re-
moved; and
an input device coupled with the computer for allow-
ing a user to alter the volume to be removed.

[0064] In an arrangement, there is provided a method
of restoring a composite aircraft structure containing an
out-of-tolerance area, comprising:

placing a frame on the aircraft structure;
moving a head on the frame along multiple axes over
the aircraft structure;
using a scanner on the head to internally scan the
structure and locate the boundaries of at least a first
out-of-tolerance area within the structure;
retrieving a set of data defining the geometry of the
aircraft structure;
using a computer to calculate a first volume of ma-
terial in the aircraft structure to be removed based
on the boundaries of the first out-of-tolerance area
and the geometry of the aircraft structure;
using a tool on the head to remove the first volume
of material;
using a numeric controller to automatically control
the movement of the head;
using the scanner to rescan the structure after the
first volume has been removed to locate a second
out-of-tolerance area within the structure;

using a computer to calculating a second volume of
material in the aircraft structure to be removed based
on the boundaries of the second out-of-tolerance ar-
ea and the geometry of the aircraft structure;
using the tool on the head to remove the second
volume of material; and
bonding a patch to the structure to replace the vol-
umes of the structure removed by the tool.

[0065] In an arrangement, there is provided an appa-
ratus for removing an out-of-tolerance area in a compos-
ite aircraft structure, comprising:

a machine tool head adapted to be mounted on the
structure for movement along multiple axes over the
structure;
a scanner mounted on the head for internally scan-
ning the structure and for locating the boundaries of
out-of-tolerance areas in the structure;
a set of data defining the geometry of the structure;
a computer coupled with the scanner for accessing
the data and for calculating a volume of material to
be removed from the structure in order to remove
the out-of-tolerance area;
a user interface coupled with the computer for allow-
ing a user to alter the volume of material to be re-
moved from the structure; and,
a numeric controller coupled with the computer for
controlling the movement of the head, the operation
of the scanner and the operation of the tool.

[0066] The features, functions and advantages that
have been discussed can be achieved independently in
various embodiments of the present disclosure or may
be combined in yet other embodiments, further details of
which can be seen with reference to the following de-
scription and drawings below.

BRIEF DESCRIPTION OF THE ILLUSTRATIONS

[0067]

FIG. 1 is an illustration of a sectional view of a com-
posite structure having out-of-tolerance areas and
which may be contained within one or more volumes
for removal from the composite structure;
FIG. 2 is an illustration of a sectional view of the
composite structure similar to that which is shown in
FIG. 1 and illustrating a completed restoration in
which the volumes of the composite structure have
been removed and replaced by a repair patch;
FIG. 3A is an illustration of a sectional view of a vol-
ume after removal from a composite structure and
in which the edges of the removed volume are pro-
vided with step laps in preparation for the repair
patch;
FIG. 3B is an illustration of a sectional view similar
to that which is shown in FIG 3A and illustrating the
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edges of the removed volume being scarfed with
multiple scarf angles;
FIG. 4 is an illustration of a flow diagram of a user-
facilitated methodology for removing material from
the composite structure;
FIG. 5 is an illustration of a block diagram of a ma-
chine tool for user-facilitated removal of material
from the composite structure and which may be em-
ployed to carry out the methodology illustrated in
FIG. 4;
FIG. 6 is an illustration of a side view of the machine
tool shown in FIG. 5;
FIG. 7 is an illustration of a plan view of the machine
tool shown in FIG. 6;
FIG. 8A is an illustration of a diagram showing a step
in the progressive sequence of steps of a method-
ology for restoring the composite structure having
one or more out-of-tolerance areas;
FIG. 8B is a side view illustration of a diagram show-
ing a further step in the methodology for restoring
the composite structure wherein a non-destructive
inspection (NDI) scanner and optional video camera
may be scanned along a surface of the composite
structure to locating one or more of the out-of-toler-
ance areas;
FIG. 8C is a side view illustration of a diagram show-
ing a further step in the methodology for restoring
the composite structure and illustrating a volume of
material calculated for removal from the composite
structure by a cutting tool;
FIG. 8D is an enlarged cross-sectional illustration of
a portion of the volume of material that may be re-
moved from the composite structure and wherein the
volume may be divided into a quantity of layers for
which the cutting tool may be programmed to pause
after removal of each one of the layers;
FIG. 8E is a side view illustration of a diagram show-
ing a further step in the methodology for restoring
the composite structure illustrating the volume of ma-
terial removed from the composite structure and the
NDI scanner and video camera scanned along the
surface of the composite structure for locating addi-
tional out-of-tolerance areas;
FIG. 8F is a side view illustration of a diagram show-
ing a further step in the methodology for restoring
the composite structure illustrating an additional vol-
ume containing an additional out-of-tolerance area
for removal from the composite structure by the cut-
ting tool;
FIG. 8G is a side view illustration of a diagram show-
ing a further step in the methodology for restoring
the composite structure illustrating the NDI scanner
and video camera scanned along the surface of the
composite structure for locating additional out-of-tol-
erance areas such as a bow wave;
FIG. 8H a top view of the composite structure of FIG.
8G and illustrating the bow wave that may have been
obscured by the overlying plies of material and which

may be exposed by the removal of one of the layers
of the volume;
FIG. 8I is a side view illustration of a diagram showing
a further step in the methodology for restoring the
composite structure illustrating the volume contain-
ing an additional out-of-tolerance area such as the
bow wave for removal from the composite structure
by the cutting tool
FIG. 8J is a side view illustration of a diagram show-
ing a further step in the methodology for restoring
the composite structure and illustrating the NDI scan-
ner and the video camera scanning the composite
structure following the removal of the of-tolerance
area;
FIG. 8K is a top view of the composite structure of
FIG. 8J illustrating the removal of the bow wave and
which may be provided by the video camera;
FIG. 8L is a side view illustration of a diagram show-
ing a composite patch bonded to the composite
structure in order to replace the material removed
from the composite structure;
FIG. 9 is a schematic illustration of first and second
portions of a flow diagram map respectively compris-
ing Figures 9A and 9B that make up a flow diagram
of a further embodiment of a methodology of user-
facilitated removal of material from the composite
structure;
FIG. 9A-is an illustration of the first portion of the flow
diagram of the methodology of user-facilitated ma-
terial removal from the composite structure;
FIG. 9B is an illustration of the second portion of the
flow diagram of the methodology of user-facilitated
material removal from the composite structure;
FIG. 10 is an illustration of a flow diagram of aircraft
production and service; and
FIG. 11 is an illustration of a block diagram of an
aircraft.

DETAILED DESCRIPTION

[0068] FIG. 1 illustrates a composite structure 10 com-
prising a plurality of laminated plies 12 of composite ma-
terial which may be formed of, for example and without
limitation, a fiber reinforced resin. The composite struc-
ture 10 may comprise a skin 14 formed of the plurality of
plies 12. Although not shown in the figures, the composite
structure 10 may include one or more cores to provide
additional stiffness or other structural properties. The
composite structure 10 illustrated in Fig. 1 may include
a stringer 16 or a variety of other substructure, without
limitation, and which may be located on a side of the skin
14 opposite the surface 35. In the illustrated example,
the composite structure 10 includes three out-of-toler-
ance areas 24a, 24b, 24c respectively located in differing
layers 26, 27, 28 of the plies 12 beneath the surface 35.
For example, layers 26, 27 and 28 may include plies 12
within which out-of-tolerance areas 24a, 24b and 24c are
respectively contained. As used herein, "out-of-toler-
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ance" and "out-of-tolerance area" refer to localized areas
in the composite structure 10 that may have undesired
properties or features, or which may be outside of de-
signed tolerances or which may not meet product or per-
formance specifications for any one of a variety of rea-
sons.
[0069] An out-of-tolerance area may comprise, for ex-
ample and without limitation, any one of numerous types
of inconsistencies including a void, a dent, a ply separa-
tion, a delamination, thermal degradation, a ply wrinkle,
a disbond, porosity, or a bow wave that may occur at the
time the composite structure is manufactured or later dur-
ing the service life of the composite structure. In FIG. 1,
the bow wave 25 is illustrated as being located adjacent
to an edge 20 of the flange 18 of the stringer 16 although
the bow wave 25 may be formed at any location in the
composite structure 10.
[0070] In accordance with the disclosed embodiments,
one or more volumes 30a, 30b, 30c of material may be
removed from the composite structure 10 that are re-
spectively inclusive of out-of-tolerance areas 24a, 24b,
24c in order to eliminate or reduce the size of the out-of-
tolerance areas 24a, 24b, 24c. For example, the bow
wave 25 illustrated in FIG. 1 may be included in the out-
of-tolerance area 24c. In this regard, the bow wave 25
may be formed as a ripple or wave in one or more of the
plies 12 of the composite structure 10. The out-of-toler-
ance areas 24a, 24b, 24c may be removed from the com-
posite structure 10 by respectively removing the volumes
30a, 30b, 30c of material from the composite structure
10. Each one of the volumes 30a, 30b, 30c may have an
outline or periphery that may be of any one of a variety
of geometries including, but not limited to, round and oval
shapes.
[0071] Referring now also to FIG. 2, the volume 30c of
material shown in FIG. 1 comprises the final volume 30
of material. The volume 30c of material may be removed
in a manner so as to form a final scarf 32 (FIG. 2) that
may be tapered or inclined at a pre-selected scarf angle
θ. In this regard, the volume 30c of material shown in
FIG. 1 may comprise the final volume 30 of material that
is removed from the composite structure 10 to eliminate
or reduce the size of the out-of-tolerance areas 24a, 24b,
24c. As shown in FIG. 2, a composite patch 34 may be
bonded to the composite structure 10 and may comprise,
without limitation, multiple plies 12 of composite material.
The composite patch 34 preferably fills the volume 30c
(FIG. 1) of material removed from the composite structure
10. As shown in FIG. 2, the peripheral edges 34a of the
composite patch 34 may include a scarf 34b that may
substantially match the final scarf angle θ of the final vol-
ume 30 so as to form a bonded scarf joint between the
composite patch 34 and the composite structure 10.
[0072] While a final scarf 32 as shown in FIG. 2 may
be desirable for many applications, it may also be pos-
sible to remove the final volume 30 (FIG. 1) of material
from the composite structure 10 so as to form a series
of peripheral step laps 36, as shown in FIG. 3A, in which

the height of each step lap 36 substantially matches the
thickness of a corresponding ply 12 (FIG. 1). The periph-
eral step laps 36 shown in FIG. 3A may substantially
match a series of  similar step laps (not shown) formed
on a patch (not shown) to form a step lap joint (not shown)
between the patch 34 and the composite structure 10.
[0073] Similarly, as shown in FIG. 3B, material may be
removed from the composite structure 10 during the res-
toration process so as so form a series of substantially
contiguous scarfs 32a, 32b, 32c respectively having dif-
fering scarf angles θ1, θ2, θ3. The multiple scarfs 32a,
32b, 32c formed during removal of the final volume 30
of material from the composite structure 10 may match
corresponding scarfs (not shown) formed on the com-
posite patch 34 (FIG. 2).
[0074] Attention is now directed to FIG. 4 which broadly
illustrates a methodology of restoring a composite struc-
ture 10. The methodology facilitates user-intervention of
a generally automated process of removal of one or more
out-of-tolerance areas 24a, 24b, 24c (FIG. 1) in the com-
posite structure 10 using a machine tool 52 (FIGS. 5-7)
which may be mounted to the composite structure 10.
For example, the methodology facilitates user-modifica-
tion of the automated process wherein the process may
be programmed to pause at predetermined intervals dur-
ing removal of one or more of the volumes 30a, 30b, 30c
(FIG. 1) such that the user may visually observe the areas
of the composite structure 10 (FIG. 1) uncovered during
the removal process. In this manner, the user may identify
additional out-of-tolerance areas in the composite struc-
ture such as bow waves that may be undetectable during
an initial scanning of the composite structure and/or may
not be included in a design representation (e.g., a ply
stacking sequence) of the composite structure. Upon vis-
ual observation of an additional out-of-tolerance area,
the user may modify the automated removal process
such that the additional out-of-tolerance area is included
in one or more of the volumes 30a, 30b, 30c (FIG. 1) to
be removed.
[0075] Referring still to FIG. 4, step 37 may comprise
scanning the surface 35 (FIG. 1) of the structure using
the machine tool 52 (FIGS. 5-7) to facilitate machine-to-
structure alignment using a device such as a triangula-
tion/line scan laser (not shown) or touch probe to meas-
ure distance. Alternatively, a laser tracker (not shown) or
a laser positioning system (not shown) may be used to
locate the machine tool relative to the structure in a known
x, y, z coordinate system (not shown). For example, the
machine tool 52 (FIGS. 5-7) may be aligned using a co-
ordinate system of an aircraft (FIG. 11) of which the struc-
ture may form a part such that when the machine tool is
located on the composite structure, a geometry database
68 (FIG. 5) may be used to identify the geometry of the
composite structure. After multiple points on the surface
are measured, the information may be stored and used
to calculate the alignment of the machine tool with the
composite structure.
[0076] Referring still to FIG. 4, step 38 may comprise
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internally scanning the composite structure to locate the
boundaries of one or more out-of-tolerance areas 24a,
24b, 24c (FIG. 1) which may require removal as part of
the restoration process. As will be discussed below in
greater detail, the scanning process may be carried out
using any one of a variety of nondestructive inspection
(NDI) techniques including, without limitation, ultrasonic
inspection.
[0077] At step 40, an initial volume 30a (FIG. 1) of ma-
terial within the structure may be selected based upon
the location of the out-of-tolerance area 24a (FIG. 1) iden-
tified during the scanning step 38. In the example illus-
trated in FIG. 1, the out-of-tolerance areas identified dur-
ing the initial scanning process may be limited to the out-
of-tolerance area 24a due to obscuring of the out-of-tol-
erance area 24b by the overlying out-of-tolerance area
24a. In this regard, the out-of-tolerance area 24b may
not be detectable during the initial scanning step 38. In
a similar manner, out-of-tolerance area 24c (FIG. 1) com-
prising the bow wave 25 (FIG. 1) may be undetectable
using NDI techniques or other inspection technique.
Thus, the initial volume 30a of material removed from the
structure may be limited to layer 26 (FIG. 1) which may
contain the out-of-tolerance area 24a (FIG. 1).
[0078] At step 41 of FIG. 4, the method may further
comprise selecting a quantity of layers into which the
volume to be removed may be divided. In this regard, the
selection of the quantity of the layers determines the fre-
quency at which the machine tool pauses during removal
of a volume of material. For example, the volume of ma-
terial to be removed may comprise a total of twenty (20)
plies and which may be divided into five (5) layers such
that each layer contains four (4) plies. The machine tool
may be programmed to pause after removal of each one
of the layers (i.e., after removal of each set of four (4)
plies to allow the user of the machine tool to visually ob-
serve the area uncovered by the removal of the layer to
identify additional out-of-tolerance areas previously un-
detected prior to removal of the next layer (e.g., removal
of the next set of four plies).
[0079] Referring still to FIG. 4, at step 42, the process
of programming the machine tool 52 (FIGS. 5-7) may
further include calculating a tool path (not shown) that
may be followed by a material removal tool (not shown)
which may be mounted to the machine tool. For example,
the material removal tool may comprise, without limita-
tion, a mill or other cutting tool (not shown) that may be
controlled by a suitable controller such as a computer
numerical controller 58 (CNC) (FIG. 5) as described in
greater detail below. Following the calculation of the tool
path in step 42 of FIG. 4, the machine tool 52 (FIGS. 5-7)
may initiate the removal of the volume of material at step
44 by removing one of the layers. As the layer of the
volume of material is being removed at step 44, an initial
scarf 32a (FIG. 1) may be formed which may have a scarf
angle that may be the same or different than a final scarf
angle θ (FIG. 2).
[0080] Referring still to FIG. 4, upon removal of the

layer of the volume of material, the machine tool may
pause at step 46 and the area uncovered by the removal
of the layer may be scanned in order to locate the bound-
aries of any additional out-of-tolerance areas that may
exist under the newly-exposed surface of the structure
10. In the illustration of FIG. 1, the scanning step 46 may
result in the location of the boundaries of the out-of-tol-
erance area 24b (FIG. 1) which may reside within layer
27 (FIG. 1) of material located beneath the removed layer
26 (FIG. 1) containing the out-of-tolerance area 24a (FIG.
1). At step 48, the machine tool may be reprogrammed
to remove an additional volume 30b (FIG. 1) of material
which may includes layer 28 (FIG. 1). The steps of re-
moving one of the layers using the machine tool, pausing
the machine tool after removal of the layer, and scanning
the area of the structure uncovered by the removal of the
layer may be repeated until no additional out-of-tolerance
areas are identified during the internal scanning of the
structure.
[0081] Following the identification and removal of all
of the out-of-tolerance areas 24a, 24b, 24c (FIG. 1), the
final scarf 32 (FIG. 2) may be formed at step 50 such that
the scarf is formed with the desired final scarf angle 9
(FIG. 2). At step 51, the material that has been removed
from the structure may be replaced by an integrated patch
34 (FIG. 2). If desired, the restored structure may be res-
canned at step 53 in order to verify the desirability of the
completed rework or restoration.
[0082] FIG. 5 illustrates, in block diagram form, com-
ponents of an apparatus that may be used to carry out
the material removal method described above. In an em-
bodiment, the machine tool 52 may include a nondestruc-
tive inspection (NDI) scanner 56, a mill or router 54, a
distance measuring device 57 and a video camera 65
which may be mounted on a machine head 78. The dis-
tance measuring device 57 may comprise a triangulation
or line scan laser to measure the distance between the
machine tool 52 and the surface 35 (FIG. 6) of the struc-
ture 10 (FIG. 6) although the distance measuring device
may be provided in a variety of configurations. After
measuring the distance from the machine tool to one or
more points or locations on the surface, the information
may be stored and used to calculate alignment of the
machine tool with the composite structure.
[0083] The NDI scanner 56 may comprise any of a va-
riety of devices using known technologies to essentially
map internal areas of the structure. For example and with-
out limitation, the scanner 56 may employ high and low
frequency ultrasound including pulse  echo ultrasonic
techniques, ultrasonic resonance, infrared thermogra-
phy, laser shearography, backscatter X-ray, electro-
magnetic sensing and terahertz sensing technology. The
video camera 65 may comprise a solid state video cam-
era or similar optical recording array for viewing and re-
cording images of the material being removed by the rout-
er 54. However, the camera 65 may be configured in any
one of a variety of technologies for recording images of
the composite structure and which may be fed to a display
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64b for viewing by an operator of the machine tool or
other user to facilitate editing of the programming of the
machine tool during the restoration process.
[0084] Referring still to FIG. 5, movement of the ma-
chine head 78 over the surface of the composite struc-
ture, as well as operation of the scanner 56, router 54
and video camera 65 may be controlled by a CNC (com-
puter numerically controlled) controller 58 although a
controller of any suitable configuration may be used. In-
formation generated by the scanner 56 may be delivered
to the computer 60 which may be used to program the
CNC controller 58 to remove the material such as on a
layer-by-layer basis. Images recorded by the video cam-
era 65 of the area uncovered by the removal of each
layer may be fed to the display 64b for observation by
the user. The user may analyze the images to determine
whether to revise the quantity of layers that make up the
volume. In this regard, the user may increase the quantity
of layers into which the volume is divided in order to re-
duce the quantity of plies that are removed with the re-
moval of each layer. Conversely, the user may decrease
the quantity of layers into which the volume is divided in
order to increase the quantity of plies that are removed
with the removal of each layer.
[0085] As illustrated in FIG. 5, the computer 60 may
be controlled by one or more software programs 62 and
may have access to one or more geometry databases
68 which may contain information defining the geometry
and ply make-up of one or more composite structures
that may be restored or reworked. The computer 60 may
also be coupled with a computer automated manufactur-
ing system (CAM) 70 which may interface with the com-
puter 60 via an application programming interface (API)
72 or any other suitable interface. A user interface 64
may be provided which may include an input/output I/O
device 64a and the display 64b in order to allow a user
to view and edit information developed by the computer
60 for programming the CNC controller 58. The computer
60 may be provided with data storage 66 to allow for
storage and retrieval of archival data related to past res-
torations or reworks performed on various composite
structures.
[0086] FIGS. 6 and 7 illustrate additional details of the
machine tool 52 which forms part of the apparatus shown
in FIG. 5. The machine tool 52 may include a frame 74
that may be  removable from and supportable on the
surface 35 of the composite structure 10 by legs 76 which
may be adjustable in height to allow adjustment of the
height of the frame 74 above the surface 35 of the com-
posite structure 10. The area 88 beneath the frame 74
may be enclosed (not shown) and connected with a vac-
uum (not shown) in order to evacuate material that is
being removed from the composite structure 10 by the
machine tool 52. As shown in Figure 7, the machine head
78 may be mounted to the machine tool 52 to allow move-
ment of the machine head 78 along orthogonal x-y axes
85 on the frame 74. For example, the machine head 78
may be mounted to the machine tool 52 by means of a

pair of screw drives and/or belt drives 80, 82 respectively
powered by electric stepper or servo motors 84, 86 al-
though the machine head 78 may be powered by a variety
of alternative drive systems and is not limited to the drive
systems described above. Furthermore, although not
shown, a z-axis drive motor and rail with screw and/or
belt drive may be provided to facilitate vertical positioning
of the components of the machine head 78. In this man-
ner, the machine head 78 may be precisely moved along
the orthogonal axes 85 to any one of various positions
relative to the surface 35 of the composite structure 10.
[0087] Referring still to FIGS. 6 and 7, a machine tool
drive 55, which may comprise pneumatic, hydraulic, elec-
tric or other motor configuration, may be mounted on the
machine head 78 and may include a cutting tool 54a. The
cutting tool 54a may comprise a mill, router or other suit-
able cutting tool 54a. In an embodiment, the cutting tool
54a may be both rotated (via a spindle) and vertically
displaced (i.e., in an axial direction) by the drive head
55a to facilitate removal of material from the composite
structure 10. A laser displacement sensor 92 or other
suitable distance measuring device 57 as indicated
above may be provided to measure the distance between
the machine tool 52 and the surface 35 (FIG. 6) of the
structure 10 (FIG. 6) although the distance measuring
device may be provided in a variety of configurations.
After measuring the distance from the machine tool to
one or more points or locations on the surface, the infor-
mation may be stored and used to calculate alignment
of the machine tool with the composite structure.
[0088] As shown in FIG. 6, the laser displacement sen-
sor 92, may be mounted on the machine head 78 and
may direct a laser beam 94 onto the surface 35 of the
composite structure 10 in order to develop depth-of-cut
and machine-to-part orientation information that may be
used in controlling the drive head 55a. An ultrasonic sen-
sor 90 having a spring loaded riding dribbler head 90a
may be mounted on the machine head 78 by means of
a retractable sensor mount 90b. The dribbler head 90a
of the ultrasonic sensor 90 may be displaced downwardly
into contact with the surface 35 of the composite structure
10 in order  to internally scan the composite structure 10
to locate the boundaries of out-of-tolerance areas 24a,
24b, 24c (FIG. 1). The video camera 65 may be mounted
on the machine head 78 and may be oriented to view the
area of the cutting tool 54a for periodically or continuously
recording images (not shown) of the material being re-
moved. Such images may be displayed in real-time to a
user such as on the user display 64b (FIG. 5) and/or may
be used by the computer to control the operation of the
machine head 78 including control of the cutting tool 54a.
[0089] Referring now to FIGS. 8A-8M, shown are a se-
ries of diagrammatic illustrations of a method of restoring
a composite structure 104 having one or more tolerance
areas such as out-of-tolerance areas 95a, 95b, 95c, 95d.
The composite structure 104 may be restored using the
machine tool 52 shown in FIGS. 5-7.
[0090] FIG. 8A illustrates a cross section of the com-
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posite structure 104 comprising multiple plies 103 which
may have known or suspected out-of-tolerance areas
95a, 95b, 95c, 95d. The out of tolerance areas 95a, 95b,
95c may be detectable using NDI inspection techniques
such as ultrasonic scanning or other methods as de-
scribed above. For example, the NDI scanner 56 (FIG.
5) may use any one of a variety of technologies including,
but not limited to, high and low frequency ultrasound,
ultrasonic resonance, eddy current transduction, infrared
thermography, laser shearography, backscatter X-ray,
electro-magnetic sensing and terahertz sensing technol-
ogy. The out-of-tolerance area 95d may comprise a bow
wave 97 which may be undetectable by NDI inspection
techniques and may only be detectable by visual obser-
vation upon removal of overlying material covering the
plies 103 containing the bow wave 97. The bow wave 97
as shown in FIG. 8A may be characterized as a local
distortion of one or more of the plies 103 of the composite
structure 104 and may occur during the process of man-
ufacturing the composite structure 104. For example, the
bow wave 97 may occur during the process of co-bonding
the stringer 16 (FIG. 1) to the skin 14 (FIG. 1) or during
other manufacturing processes as was indicated above.
[0091] Referring to FIG. 8B, the machine tool 52 (FIGS.
5-7) may be used to move the NDI scanner 56 comprising
the ultrasonic sensor 90 with dribbler head 90a or other
NDI scanner 56 configuration. The machine tool 52
(FIGS. 5-7) may move the NDI scanner 56 along the sur-
face 105 of the composite structure 104 where out-of-
tolerance areas 95a, 95b, 95c are suspected. The scan-
ning process illustrated in FIG. 8B may detect and locate
the out-of-tolerance area 95a and may approximate the
boundaries 96a of the out-of-tolerance area 95a. As in-
dicated above, the out-of-tolerance area 95a may be de-
tectable using NDI inspection techniques such as ultra-
sonic inspection. The video camera 65 may also be
moved along the  surface 105 of the structure 104 with
the NDI scanner 56. The video camera 65 may optionally
provide a video feed to the user of the machine tool during
scanning of the composite structure 104 with the NDI
scanner 56. The video feed may be displayed on the
display 64b (FIG. 5) for observation by the user. In this
manner, the display may provide additional information
to the user for indications of additional out-of-tolerance
areas during the scanning.
[0092] Referring to FIG. 8C, based on the boundaries
96a of the out-of-tolerance area 95a (FIG. 8B), a volume
98a of material may be calculated by the computer 60
(FIG. 5) and selected for removal by the cutting tool 54a
which may include removal of the out-of-tolerance area
95a. If available, data regarding the geometry of the com-
posite structure 104 may be provided by a geometry da-
tabase 68 (FIG. 5) that may be coupled to the computer
60 (FIG. 5). The calculation of the volume for removal
from the composite structure 104 may be facilitated by
overlaying or comparing the boundaries of the out-of-
tolerance area 95a onto the data defining the geometry
of the composite structure 104. A tool path (not shown)

for guiding the movement of the cutting tool 54a may be
calculated by the computer 60 (FIG. 5) based upon the
geometry data and may be used to program the controller
58 (FIGS. 5-7) of the machine tool for controlling or guid-
ing the movement of the machine tool and machine head
including movement of the cutting tool 54a (FIG. 8C). A
quantity of layers 102 may be selected for dividing the
removal of the volume of material such that the machine
tool pauses following removal of each one of the layers
of the volume. The controller may be programmed with
the tool path and the quantity of layers of the volume. As
will be described in greater detail below, the video camera
65 may be scanned over the area uncovered following
the removal of the layer to facilitate visual observation of
the uncovered area to identify out-of-tolerance areas
such as bow waves that may not be detectable by NDI
inspection techniques.
[0093] For example and referring to FIG. 8D, shown is
an enlarged cross-sectional illustration of a portion of the
final volume 98 (FIG. 8J) of material for removal from the
composite structure 104 and wherein the volume 98a is
divided into a quantity of layers 102. In this regard, the
user may select a quantity of five (5) layers 102 for the
volume of material that is to be removed. If the volume
comprises a total of twenty (20) plies 103 of composite
material, each layer 102 may contain four (4) plies 103
such that the controller of the machine tool may be pro-
grammed to pause after removal of each one of the layers
102 (i.e., after removal of each set of four (4) plies 103).
The controller of the machine tool may be programmed
to cause the video camera 65 to scan the area uncovered
by the removal of the  layer 102 for visual observation by
the user. Such visual observation of the may allow the
user to identify additional out-of-tolerance areas unde-
tected by NDI techniques. The NDI scanner (e.g., ultra-
sonic sensor) may also scan the area scanned by the
video camera in order to detect additional out-of-toler-
ance areas for removal that may not be detectable due
to the removed overlying material.
[0094] Referring briefly back to FIG. 8C, the machine
tool may be moved along the programmed tool path (not
shown) such that the cutting tool 54a removes one of the
layers 102 of the volume 98a. During removal of the vol-
ume 98a of material, the cutting tool 54a may also form
an initial scarf 100a around the periphery of the volume
98a of material that is being removed. Removal of the
volume 98a may reduce or eliminate the out-of-tolerance
area 95a (FIG. 8A). The video camera 65 may optionally
be moved along the tool path (not shown) as the cutting
tool 54a removes the volume 98a and may provide video
feed to the user for visual observation of the progress of
the removal process.
[0095] Referring to FIG. 8C and 8E, following removal
of the first one of the layers 102 of the volume 98a, the
operation of the cutting tool may be paused to allow for
scanning of the area of the structure 104 uncovered by
the removal of the layer 102 to locate the boundaries of
additional out-of-tolerance areas such as out-of-toler-
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ance area areas 95b, 95c. In this regard, the video cam-
era 65 (FIG. 8E) may be scanned over the area of the
structure 104 uncovered by the removal of the layer. If
no additional out-of-tolerance areas are identified, the
machine tool 52 continues on the tool path to remove the
next one of the layers 102 of the volume. However, the
scanning of the area uncovered by the removal of the
layer 102 may result in the identification of additional out-
of-tolerance areas 95b, 95c at deeper levels in the struc-
ture 104 that may have been previously undetectable by
the overlying out-of-tolerance area 95a. In this regard,
the scanning may locate the boundaries 96b, 96c of the
additional out-of-tolerance areas 95b, 95c. By providing
video feed to the user, locations of additional out-of-tol-
erance area may be identified. Simultaneously, the NDI
scanner 56, which may include the ultrasonic sensor 90
and dribbler head 90a, may be scanned over the area of
the structure 104 uncovered by the removal of the layer
to facilitate the identification of additional out-of-tolerance
areas.
[0096] Referring still to FIG. 8E, based on the located
boundaries 96b, 96c of the additional out-of-tolerance
areas 95b, 95c, the controller 58 (FIG. 5) may be repro-
grammed such that the volume of material for removal
includes the additional out-of-tolerance areas. In this re-
gard, a new tool path may be programmed for the cutting
tool that may result in the removal of the additional out-
of-tolerance areas. Furthermore, the machine tool  pro-
gramming may be edited to alter the quantity of layers of
the volume. For example, if it is desired to reduce the
amount of material that is removed with each layer 102,
the quantity of layers 102 may be increased for the vol-
ume. Increasing the quantity of layers 102 reduces the
quantity of plies 12 that are removed with each layer 102
to allow for shorter intervals between scanning of the
composite structure 104. Conversely, reducing the quan-
tity of layers 102 for the volume may increase the quantity
of plies 12 that are removed with each layer 102 such
that a larger amount of material may be removed with
each layer 102. The reprogramming of the controller may
optionally include the selection of a different user-defined
scarf angle for scarfing the edges 102a of the layers 102
of the volume 98b as compared to the scarf angle select-
ed for the layers 102 of the volume 98a (FIG. 8B).
[0097] FIG. 8F illustrates the volume 98b of material
to be removed from the composite structure 104 and the
scarf 100b to be formed in the composite structure 104
by the cutting tool 54a as a result of the reprogramming
of the tool path such that the volume encompasses the
additional out-of-tolerance areas 95b, 95c. The video
camera 65 may also be moved along the surface of the
structure 104 in association with the movement of the
cutting tool 54a to facilitate observation of the removal
process and to allow user intervention at any point during
operation of the cutting tool 54a.
[0098] In FIG. 8G, the NDI scanner 56 and the video
camera 65 may scan the composite structure 104 follow-
ing the removal of each one of the layers 102 of the vol-

ume to determine whether there are any further out-of-
tolerance areas that have not been detected. For exam-
ple, as shown in FIG. 8B, the out-of-tolerance area 95d
may be visually observed as a result of the video feed
provided by the video camera 65 (FIG. 8G). The out-of-
tolerance area 95d may be formed as a bow wave 97
which may be undetectable by the NDI scanner 56 but
which may be visually observable by means of the video
camera 65.
[0099] FIG. 8H is a top view of the composite structure
104 of FIG. 8G and illustrating the bow wave 97 that may
have been obscured by the overlying plies 103 and which
may be exposed by the removal of one of the layers 102
of the volume. As indicated above, the bow wave 97 may
be formed as a ripple or wave in one or more of the plies
103 of the composite structure 104. The NDI scanner 56
may be moved along with the video camera 65 to facilitate
the location of the boundaries of the out-of-tolerance area
encompassing the bow wave 97. For example, the NDI
scanner may facilitate the prediction of the geometry of
the bow wave 97. In this regard, the NDI scanner 56
illustrated in FIG. 8G may facilitate the prediction of the
depth dbw (FIG. 8G) and angle θbw (FIG. 8G) of the bow
wave 97 illustrated in FIGS. 8G-8H.
[0100] Based on the visual observation of the out-of-
tolerance area 95d or bow wave 97 shown in FIG. 8G-
8H, the controller 58 (FIG. 5) may be re-programmed
with a new tool path (not shown) for the cutting tool 54a
that may result in the removal of the additional volume
containing the bow wave 97 of the out-of-tolerance area
95d. In this regard, of the cutting tool 54a removes a
portion of the plies 103 of the composite structure 104
containing the out-of-tolerance area 95d. As indicated
above, the programming may optionally include altering
the quantity of plies 103 of the volume and selecting a
scarf angle for the edges of the layers 102a.
[0101] FIG. 8I illustrates the volume 98c of material to
be removed in layers 102 from the composite structure
104 and the scarf 100c to be formed in the composite
structure 104 by the cutting tool 54a as a result of the
reprogramming of the tool path such that the volume 98c
encompasses the out-of-tolerance areas containing the
bow wave. FIG. 8J illustrates the movement of the NDI
scanner 56 and the video camera 65 which may scan
the composite structure 104 following the removal of
each one of the layers 102 of the volume 98c. In this
regard, the NDI scanner 56 and the video camera 65
scan the final volume 98 of material removed from the
composite structure 104.
[0102] FIG. 8K is a top view of the composite structure
104 of FIG. 8J illustrating the removal of the bow wave
and which may be provided by the video camera for dis-
play on the display 64b (FIG. 5) of the machine tool. In
this regard, the video camera provides a means to de-
termine whether there are any further out-of-tolerance
areas that have not been detected. The steps of removing
each one of the layers 102 of the volume using the pro-
grammed machine tool, pausing the machine tool after
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removal of the layer 102, and scanning the area of the
structure 104 uncovered by the removal of the layers 102
using the video camera and/or the NDI scanner may be
iteratively performed until the volumes containing the out-
of-tolerance areas are removed. As can be seen in FIG.
8K, the scarf 100c formed on the volume edge 99 of the
removed volume may comprise the final scarf 100 of the
composite structure 104.
[0103] Referring to FIG. 8L, once all the out-of-toler-
ance areas have been removed from the composite
structure 104, a composite patch 34 may be fabricated
and bonded to the composite structure 104 in order to
replace the material removed from the structure 104. The
computer 60 (FIG. 5) may be used to calculate the
number, size and type of plies 12 required to fabricate
the composite patch 34 based in part on volumes of ma-
terial removed as calculated by the computer. The pe-
ripheral edge 34a of the composite patch 34 may include
the scarf 34b that may substantially match the final scarf
100 of the composite structure 104.  After the patch 34
has been bonded to the composite structure 104, the
restoration including the composite patch 34 may be res-
canned with the ultrasonic sensor 90 as shown in FIG.
8M in order to verify the integrity and the quality of the
restoration.
[0104] Referring to FIG. 9 comprising FIGS. 9A-9B,
shown is an illustration of a flow diagram of a method of
removing out-of-tolerance areas in a composite aircraft
structure or airframe 218 (FIG. 11) which may be an air-
frame of an aircraft 216 (FIG. 11). For example and with-
out limitation, the composite airframe may comprise an
aircraft fuselage skin (not shown) formed of composite
materials. As shown in FIG. 9A, the method may com-
prise step 108 wherein a frame of the machine tool 52
(FIGS. 5-7) may be mounted on the airframe 218 (FIG.
11) such as on the fuselage 220 (FIG. 11) of the aircraft
at a location overlying and encompassing an area of the
airframe requiring restoration. The frame of the machine
tool may support a movable machine head 78 (FIGS.
5-7). A laser tracker or laser positioning system (not
shown) may locate the machine tool relative to the air-
frame 218 (FIG. 11) within a known coordinate system
which may be the coordinate system of the aircraft 216
(FIG. 11). The computer 60 (FIG. 5) may be used to re-
trieve airframe geometry from an airframe geometry da-
tabase 110 (FIG. 9A) which may form part of the geom-
etry database 68 previously described in connection with
FIG. 5. At step 112, software may cause the computer
to display on the user display (e.g., visual display) 64b
(FIG. 5) the maximum area on the airframe that can be
scanned without moving the machine tool. The user in-
terface 64 (FIG. 5) may allow the user to determine the
particular area on the airframe to be scanned.
[0105] At step 114, the area on the airframe selected
by the user may be scanned such as with an NDI scanner
56 (FIG. 5) in order to identify any out-of-tolerance areas.
For example, the boundaries of the out-of-tolerance area
95a, 95b, 95c (FIG. 8A) may be located by scanning the

airframe using the NDI scanner 56 (FIG. 5) mounted to
the machine head 78 (FIG. 5). At step 116, data repre-
senting the out-of-tolerance areas identified at step 114
including ply definitions of the out-of-tolerance areas may
be retrieved from the database and overlaid on the air-
frame geometry. Using this overlaid information, the vol-
ume of material to be removed including the boundaries
of the out-of-tolerance area may be calculated. The cal-
culations may include calculating the portion to be re-
moved for each ply in the airframe using a taper ratio or
scarf angle that may be provided by the user. The user
interface may allow the user to view each ply of the skin
to be removed on the display.
[0106] Referring still to FIG. 9, in step 118, the com-
puter may access the CAM application 70 (FIG. 5) via
the API interface 72 (FIG. 5) and may use the CAM ap-
plication 70 (FIG. 5) to generate the tool path for the cut-
ting tool 54a (FIG. 5). The user may employ the user
interface to input additional information used to program
the machine tool including, but not limited to, the type of
tool to be used, size of the tool, etc. Further in this regard,
the process continues to step 120 (FIG. 9B) wherein the
machine tool may be operated in a user-facilitated mode
allowing the user to modify the tool path such that the
machine tool pauses after removal of each one of n quan-
tity of layers which the user may program into the tool
path. If the user-facilitated mode is not activated in step
120, the process continues to step 136 (FIG. 9A) wherein
the cutting tool (e.g., router) is driven along the tool path
in an automated mode to remove coatings (e.g., paint)
and material in all out-of-tolerance areas with a user-
provided taper ratio or scarf angle. If the user-facilitated
mode is activated in step 120 (FIG. 9B), then the process
continues to step 122 (FIG. 9B) wherein a quantity of
layers is selected by the user for the volume for which
the machine tool will be paused following removal of each
one of the layers. The quantity of layers is programmed
into the controller.
[0107] In step 124 of FIG. 9B, the cutting tool is driven
along the tool path to remove out-of-tolerance areas with
the user-provided taper ratio or scarf angle. At step 126,
the machine tool pauses at each one of the layers to
allow for scanning by the video camera of the area un-
covered by the removal of the layer. More specifically,
when the machine tool is paused, the video camera may
be activated in step 128 and the area of the airframe
uncovered or exposed by the most recent layer removal
may be scanned using the video camera in order to locate
the boundaries of an additional out-of-tolerance area of
the airframe as described above. The video scanning
may facilitate a determination as to whether controller
programming edits to the tool path are necessary in order
to reduce or eliminate additional out-of-tolerance areas
that may be identified by the visual observation. In this
regard, the user interface may allow the use to manipu-
late (i.e., zoom, pan) the video camera.
[0108] In addition, at step 130 of FIG. 9B, the NDI scan-
ner may be activated to facilitate the prediction of the
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geometry of bow waves (FIGS. 8G-8H) observed by
means of the video camera. In this regard, the NDI scan-
ner may facilitate the prediction of the depth and angle
of the bow wave. If no tool path edits are necessary in
step 132, the machine tool is reactivated for removal of
another one of the layers in step 124. Upon reaching the
end of the tool path in step 132, the process continues
to step 136 of (FIG. 9A) wherein the cutting tool is driven
along the tool path in the automated mode to remove
coatings (e.g., paint) and all out-of-tolerance areas with
a user-provided taper ratio or scarf angle in the airframe.
In step 138 (FIG. 9A), the area of the airframe where the
volume of material is removed may be rescanned to de-
termine if there are additional non-conforming or out-of-
tolerance areas previously undetectable by the previous
scan due to overlying out-of-tolerance areas.
[0109] Referring back to step 132 (FIG. 9B), if addi-
tional out-of-tolerance areas such as bow waves are
identified, then the tool path may be edited by reprogram-
ming the controller such that the volume of material for
removal includes the additional out-of-tolerance areas.
In this regard, an additional volume of material may be
calculated for removal from the airframe based upon the
boundaries of the additional out-of-tolerance area. In step
134, such editing may include, but is not limited to, editing
the programming to remove the bow wave, editing the
programming to remove a portion of a ply, editing the
quantity of layers into which the volume is divided, and
editing the scarf angle. The steps of removing the layers,
pausing the machine tool, scanning the area of the air-
frame uncovered by the removal of the layer, and editing
the controller programming, may be performed iteratively
until the volume of material or additional out-of-tolerance
areas are reduced or removed.
[0110] Following the removal of all out-of-tolerance ar-
eas, the area of the composite structure from which the
volume of material was removed may be rescanned in
step 138 (FIG. 9A) as indicated above to determine if
there are additional non-conforming or out-of-tolerance
areas. If there are no additional out-of-tolerance areas in
decision step 140 (FIG. 9A), the method proceeds to step
142 (FIG. 9A) where a final scarf angle or taper ratio (e.g.,
30:1 taper ratio) may be calculated. The CAM application
may be called up and a tool path (not shown) may be
generated to remove additional material required to pro-
duce the final scarf angle. The user may provide addi-
tional information during this step including, without lim-
itation, the type and size of the cutting tool. At step 144
(FIG. 9A), using the tool path generated at step 142 (FIG.
9A), the cutting tool may remove additional coating (e.g.,
paint) and ply areas necessary to complete the scarf with
a pre-selected or user-defined final scarf angle or taper
ratio.
[0111] The method may further include replacing the
volume of the structure (e.g., airframe) that may be re-
moved by the machine tool. For example, as shown in
Figure 2, the method may comprise bonding a patch 34
to the composite structure 10 to replace the volumes re-

moved by the machine tool in the manner described
above. In this regard, the patch 34 may be provided in a
configuration similar to that which is shown in Figure 2
wherein the patch 34 may be configured to substantially
fill the volume 30 (FIG. 1) of material removed from the
composite structure 10. In an alternative embodiment not
shown, the patch may be provided in a doubler or blister
configuration (not shown) which may be mounted to an
inner and/or outer mold line (not shown) of the composite
structure such as in an area over the volume of material
removed from the composite structure. The patch may
alternatively be formed as a combination of a scarfed and
doubler configuration (not shown) which may be  mount-
ed to the inner and/or outer mold lines (not shown) of the
composite structure. The patch may be mounted to the
composite structure by any suitable means such as by
bonding and/or with mechanical fasteners (not shown)
or any combination thereof as part of the restoration of
the composite structure having one or more out-of-toler-
ance areas.
[0112] Embodiments of the disclosure may find use in
a variety of potential applications, particularly in the trans-
portation industry, including for example, aerospace and
marine applications. Thus, referring now to FIGS. 10 and
11, embodiments of the disclosure may be used in the
context of an aircraft manufacturing and service method
200 as shown in FIG. 10 and an aircraft 216 as shown
in FIG. 11. During pre-production, exemplary method 200
may include specification and design 202 of the aircraft
216 and material procurement 204 in which the disclosed
method and apparatus may be specified for use in re-
storing or reworking areas of composite parts or compo-
nents used in the aircraft 216. During production, com-
ponent and subassembly manufacturing 206 and system
integration 208 of the aircraft 216 takes place. The dis-
closed method and apparatus may be used to restore or
rework areas of composite parts or components used in
the aircraft 216 during these production processes.
Thereafter, the aircraft 216 may go through certification
and delivery 210 in order to be placed in service 212.
While in service by a customer, the aircraft 216 is sched-
uled for routine maintenance and service 214 (which may
also include modification, reconfiguration, refurbish-
ment, and so on). The disclosed method and apparatus
may be used to restore or rework composite parts on the
aircraft 216 during the maintenance and service 214.
[0113] Each of the processes of method 200 may be
performed or carried out by a system integrator, a third
party, and/or an operator (e.g., a customer). For the pur-
poses of this description, a system integrator may include
without limitation any number of aircraft manufacturers
and major-system subcontractors; a third party may in-
clude without limitation any number of vendors, subcon-
tractors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization,
and so on.
[0114] As shown in FIG. 11, the aircraft 216 produced
by exemplary method 200 may include an airframe 218
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with a plurality of systems 222 and an interior 224. The
airframe 218 may include a fuselage 220. The disclosed
method and apparatus may be used to restore or rework
composite parts which form part of, or may be installed
on the airframe 218, including the fuselage 220. Exam-
ples of high-level systems 222 include one or more of a
propulsion system 228, an electrical system 226, a hy-
draulic system 230, and an environmental system 232.
Any number of other systems may be included. Although
an  aerospace example is shown, the principles of the
disclosure may be applied to any other industry without
limitation such as the marine and automotive industries.
[0115] The disclosed method and apparatus may be
employed to restore or rework composite parts during
any one or more of the stages of the production and serv-
ice method 206. For example, components or subassem-
blies corresponding to production process 206 may be
reworked or restored using the disclosed method and
apparatus. Also, one or more method embodiments, or
a combination thereof may be utilized during the produc-
tion stages 206 and 208, for example, by substantially
expediting assembly of or reducing the cost of an aircraft
216. Similarly, the disclosed method and apparatus may
be used to restore or rework composite parts that are
utilized while the aircraft 216 is in service.
[0116] Although the embodiments of this disclosure
have been described with respect to certain exemplary
embodiments, it is to be understood that the specific em-
bodiments are for purposes of illustration and not limita-
tion, as other variations will occur to those of skill in the
art, within the scope of the appended claims.

Claims

1. A method of restoring a composite structure (10)
having at least one out-of-tolerance area (24a), com-
prising the steps of:

determining (38) the location of the out-of-toler-
ance area (24a) within the structure (10);
selecting (40) a volume (30a) of the composite
structure (10) to be removed based on the loca-
tion of the out-of-tolerance area (24a);
programming (42) a machine tool (52) to remove
the volume (30a) and to pause after removal of
each one of a quantity of layers (26, 27, 28) of
the volume (30a);
removing (44) one of the layers (26) using the
programmed machine tool (52);
pausing (46) the machine tool (52) after removal
of the layer (26);
scanning (46) the area of the composite struc-
ture (10) uncovered by the removal of the layer
(26) to determine the existence of an additional
out-of-tolerance area (24b); and
replacing (51) the volume (30a) of the structure
(10) removed by the machine tool (52).

2. The method of Claim 1 wherein the steps of removing
(42) one of the layers (26) using the programmed
machine tool (52), pausing (46) the machine tool (52)
after removal of the layer (26), and scanning (46) the
area of the composite structure (10) uncovered by
the removal of the layer (26) are iteratively per-
formed.

3. The method of Claim 1 wherein the step of scanning
(46) the area of the composite structure (10) uncov-
ered by the removal of the layer (26) comprises at
least one of the following:

scanning a video camera (65) over the area of
the composite structure (10) uncovered by the
removal of the layer (26);
scanning a non-destructive inspection (NDI)
scanner (56) over the area of the composite
structure (10) uncovered by the removal of the
layer (26).

4. The method of Claim 3 wherein the step of scanning
the video camera (65) over the area of the composite
structure (10) uncovered by the removal of the layer
(26) includes:

providing video feed to a user of the machine
tool (52) for observation of the location of the
additional out-of-tolerance area (24b).

5. The method of Claim 4 further comprising the step of:

determining the location of the additional out-of-
tolerance area (24b) based upon the video feed.

6. The method of Claim 5 further comprising the step of:

editing (48) the machine tool (52) programming
such that the volume (30b) of the composite
structure (10) to be removed includes the addi-
tional out-of-tolerance area (24b).

7. The method of Claim 1 further comprising:

editing the machine tool (52) programming to
remove a bow wave.

8. The method of Claim 1 wherein the composite struc-
ture (10) is a multi-ply layup, each layer (26, 27, 28)
of the quantity of layers comprising at least one ply
(12), the method further comprising the step of:

editing the machine tool (52) programming to
alter the quantity of layers (26, 27, 28) of the
volume (30a, 30b, 30c).

29 30 



EP 2 442 941 B1

17

5

10

15

20

25

30

35

40

45

50

55

Patentansprüche

1. Verfahren zum Wiederherstellen einer Verbund-
struktur (10), die mindestens einem außer Toleranz
befindlichen Bereich (24a) aufweist, umfassend die
Schritte:

Feststellen (38) der Lage des außer Toleranz
befindlichen Bereichs (24a) innerhalb der Struk-
tur;
Auswählen (40) eines zu entfernenden Volu-
mens (30a) der Verbundstruktur (10) auf Basis
der Lage des außer Toleranz befindlichen Be-
reichs (24a);
Programmieren (42) einer Werkzeugmaschine
(52) zum Entfernen des Volumens (30a) und
zum Anhalten nach Entfernen jeder einer An-
zahl von Schichten (26, 27, 28) des Volumens
(30a);
Entfernen (44) einer der Schichten (26) unter
Verwendung der programmierten Werkzeug-
maschine (52);
Anhalten (46) der Werkzeugmaschine (52) nach
Entfernen der Schicht (26);
Abtasten (46) des durch Entfernen der Schicht
(26) freigelegten Bereichs der Verbundstruktur
(10), um das Vorhandensein eines weiteren au-
ßer Toleranz befindlichen Bereichs (24b) fest-
zustellen; und
Ersetzen (51) des durch die Werkzeugmaschine
(52) entfernten Volumens (30a) der Struktur
(10).

2. Verfahren nach Anspruch 1, wobei die Schritte des
Entfernens (42) einer der Schichten (26) unter Ver-
wendung der programmierten Werkzeugmaschine
(52), des Anhaltens (46) der Werkzeugmaschine
(52) nach Entfernen der Schicht (26) und des Abta-
stens (46) des durch Entfernen der Schicht (26) frei-
gelegten Bereichs der Verbundstruktur (10) iterativ
durchgeführt werden.

3. Verfahren nach Anspruch 1, wobei der Schritt des
Abtastens (46) des durch Entfernen der Schicht (26)
freigelegten Bereichs der Verbundstruktur (10) zu-
mindest einen der folgenden Schritte umfasst:

Streichen einer Videokamera (65) über den
durch Entfernen der Schicht (26) freigelegten
Bereich der Verbundstruktur (10);
Streichen eines zerstörungsfreien Prüfscanners
(NDI-Scanners) (56) über den durch Entfernen
der Schicht (26) freigelegten Bereich der Ver-
bundstruktur (10).

4. Verfahren nach Anspruch 3, wobei der Schritt des
Streichens einer Videokamera (65) über den durch
Entfernen der Schicht (26) freigelegten Bereich der

Verbundstruktur (10) das Vorsehen einer Video-
Speisung zu einem Benutzer der Werkzeugmaschi-
ne (52) zur Beobachtung der Stelle des weiteren au-
ßer Toleranz befindlichen Bereichs (24b) umfasst.

5. Verfahren nach Anspruch 4, weiters umfassend den
Schritt des Feststellens der Lage des weiteren außer
Toleranz befindlichen Bereichs (24b) auf Basis der
Video-Speisung.

6. Verfahren nach Anspruch 5, weiters umfassend den
Schritt des Editierens (48) der Programmierung der
Werkzeugmaschine (52) derart, dass das Volumen
(30b) der zu entfernenden Verbundstruktur (10) den
weiteren außer Toleranz befindlichen Bereich (24b)
enthält.

7. Verfahren nach Anspruch 1, weiters umfassend das
Editieren der Programmierung der Werkzeugma-
schine (52), um eine Bogenwelle zu entfernen.

8. Verfahren nach Anspruch 1, wobei die Verbund-
struktur (10) ein Mehrlagen-Verstärkungsmaterial ist
und jede Schicht (26, 27, 28) der Anzahl von Schich-
ten mindestens eine Lage (12) aufweist, wobei das
Verfahren weiters den Schritt des Editierens der Pro-
grammierung der Werkzeugmaschine (52) zum Än-
dern der Anzahl von Schichten (26, 27, 28) des Vo-
lumens (30a, 30b, 30c) umfasst.

Revendications

1. Procédé de restauration d’une structure composite
(10) comportant au moins une zone hors tolérances
(24a), comprenant les étapes de :

la détermination (38) de l’emplacement de la zo-
ne hors tolérances (24a) à l’intérieur de la struc-
ture (10) ;
la sélection (40) d’un volume (30a) de la struc-
ture composite (10) destiné à être déposé en
fonction de l’emplacement de la zone hors tolé-
rances (24a) ;
la programmation (42) d’une machine-outil (52)
pour déposer le volume (30a) et pour faire une
pause après la dépose de chacune parmi une
quantité de couches (26, 27, 28) du volume
(30a) ;
la dépose (44) d’une des couches (26) en utili-
sant la machine-outil programmée (52) ;
la mise en pause (46) de la machine-outil (52)
après la dépose de la couche (26) ;
l’analyse par balayage (46) de la zone de la
structure composite (10) découverte par la dé-
pose de la couche (26) pour déterminer l’exis-
tence d’une zone hors tolérances supplémen-
taire (24b) ; et
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le remplacement (51) du volume (30a) de la
structure (10) déposé par la machine-outil (52).

2. Procédé selon la revendication 1, dans lequel les
étapes de la dépose (42) d’une des couches (26) en
utilisant la machine-outil programmée (52), la mise
en pause (46) de la machine-outil (52) après la dé-
pose de la couche (26), et  l’analyse par balayage
(46) de la zone de la structure composite (10) dé-
couverte par la dépose de la couche (26) sont réa-
lisées de façon itérative.

3. Procédé selon la revendication 1, dans lequel l’étape
de l’analyse par balayage (46) de la zone de la struc-
ture composite (10) découverte par la dépose de la
couche (26) comprend au moins une des étapes
suivantes :

la réalisation d’un balayage par une caméra vi-
déo (65) par-dessus la zone de la structure com-
posite (10) découverte par la dépose de la cou-
che (26) ;
la réalisation d’un balayage par un scanneur
d’inspection non destructive (« Non-Destructive
Inspection » ou NDI) (56) par-dessus la zone de
la structure composite (10) découverte par la
dépose de la couche (26).

4. Procédé selon la revendication 3, dans lequel l’étape
de la réalisation du balayage par la caméra vidéo
(65) par-dessus la zone de la structure composite
(10) découverte par la dépose de la couche (26)
comprend :

la fourniture d’une alimentation vidéo à un utili-
sateur de la machine-outil (52) pour l’observa-
tion de l’emplacement de la zone hors toléran-
ces supplémentaire (24b).

5. Procédé selon la revendication 4 comprenant en
outre l’étape de :

la détermination de l’emplacement de la zone
hors tolérances supplémentaire (24b) en fonc-
tion de l’alimentation vidéo.

6. Procédé selon la revendication 5, comprenant en
outre l’étape de :

la modification (48) de la programmation de la
machine-outil (52) de sorte que le volume (30b)
de la structure composite (10) destiné à être dé-
posé comprenne la zone hors tolérances sup-
plémentaire (24b).

7. Procédé selon la revendication 1, comprenant en
outre :

la modification de la programmation de la ma-
chine-outil (52) pour déposer une lame d’étrave.

8. Procédé selon la revendication 1, dans lequel la
structure composite (10) est une superposition multi-
pli, chaque couche (26, 27, 28) parmi la quantité de
couches comprenant au moins un pli (12), le procédé
comprenant en outre l’étape de :

la modification de la programmation de la ma-
chine-outil (52) pour changer la quantité de cou-
ches (26, 27, 28) du volume (30a, 30b, 30c).
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