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SYSTEM AND METHOD FOR INSPECTING STRUCTURES FORMED OF

COMPOSITE MATERIALS DURING THE FABRICATION THEREOF

FIELD OF THE INVENTION

The present invention relates generally to the fabrication of structures from

composite materials.

BACKGROUND OF THE INVENTION

The following publications are believed to represent the current state of the

art:

U.S. Patent Nos.: 8,068 ,659;7,889,907 and 5,963,660; and

U.S. Published Patent Application Nos.: 200910043533; 2007 10173966;

2007 I 003431 3 and 20041 003 1567 .

SUMMARY OF THE INVENTION

The present invention seeks to provide a system and methodology for

inspecting structures formed of composite materials during the fabrication thereof.

There is thus provided in accordance with a preferred embodiment of the

present invention a method for inspecting structures formed of composite materials

during the fabrication thereof including imaging multiple individual plies of a structure,

whereby the locations and orientations of edge joints between adjacent courses of each

ply are recorded, ascertaining mutual offsets in the locations of mutually parallel ones of

the edge joints in the multiple individual plies and providing an output indication when at

least one mutual offset of the edge joints is less than a predetermined minimum ofßet.

Preferably, the individual plies each extend in an X-Y plane and are

stacked in a Z-direction, perpendicular to the X-Y plane of each of the individual plies

and the mutual offsets are ascertained by comparing the location of each of the mutually

10

15

20

25

1

30

SYSTEM AND METHOD FOR LNSPECTING STRUCTURES FORMED OF COMPOSITE
MATERIALS  DURING THE FABRICATION THEREOF 5FIELD OF HE INVENTION The presentnuort
relates generally to the fabrication of structures ft composite materials. 10BACKGROUND OF THE
ii'VENTiGN The following publications are believed to represent the current state of tEe art: U.S.
Patent Nos.: 8,068,659; 7,889,907 and 5,963,660; and 15U.S. Published Patent Application Nos.:
2009/0043533; 2007/0173966; 2007/0034313 and 2004/0031567. SUMMARY OF THE INVENTION
The present invention seeks to provide a system and methodology for mspectina structures formed of
composite materials during the fabrication thereof.             There is thus provided in accordance with a
preferred embodiment of the present invention a method for inspecting structures formed of composite
materials during the fabrication thereof including imaging multiple individual plies of a structure, 



parallel edge joints in the X-Y plane of each of the individual plies with the

corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of the individual plies.

ln accordance with a preferred embodiment of the present invention the

5 individual plies are non-planar and the mutual offsets are ascertained by comparing the

location of each of the mutually parallel edge joints in each of the individual plies with

the corresponding location of an edge joint which most closely corresponds thereto in

location and orientation in another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

10 imaging multiple individual plies of a structure takes place during fabrication of the

structure, at least between laying down of each of the multiple individual plies.

Preferably, the method for inspecting structures formed of composite

materials during the fabrication thereof also includes providing a three-dimensional

image file of the structure which enables ascertaining the mutual offsets in the locations

15 of mutuallyparallel ones of the edge joints in the multiple individual plies.

There is also provided in accordance with another preferred embodiment

of the present invention a method for inspecting structures formed of composite materials

during the fabrication thereof including imaging multiple individual plies of a structure,

whereby the locations and orientations of edge joints between adjacent courses of each

20 ply are recorded and providing a three-dimensional image f,rle of the structure which

enables ascertaining mutual offsets in the locations of mutually parallel ones of the edge

joints in the multiple individual plies.

Preferably, the individual plies each extend in an X-Y plane and are

stacked in a Z-direction, perpendicular to the X-Y plane of each of the individual plies

25 and the mutual offsets may be ascertained by comparing the location of each of the

mutually parallel edge joints in the X-Y plane of each of the individual plies with the

corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

30 individual plies are non-planar and the mutual offsets may be ascertained by comparing

the location of each of the mutually parallel edge joints in each of the individual plies

2

25 whereby the locations and orientations of edge joints between adjacent courses of each ply are
recorded, ascertaining mutual offsets in the locations of mutually parallel ones of the edge joints in the
multiple individual plies and providing an output indication when at least one mutual offset of the edge
joints is less than a predetermined minimum offset. Preferably, the individual plies each extend in an
X-Y plane and are 30stacked in a 1-direction, perpendicular to the X-Y plane of each of the individual
plies and the mutual offsets are ascertained by comparing the location of each of the mutually  parallel
edge joints in the X-Y plane of each of the individual plies with the corresponding location of an edge
joint which is mutually parallel thereto in the X-Y plane of another one of the individual plies.              In
accordance with a preferred embodiment of the present invention individual plies are non-planar and
the mutual offsets are ascertained by comparing the location of each of the mutually parallel edge
joints in each of the individual plies with the corresponding location of an edge joint which most closely
corresponds thereto in location and orientation in another one of the individual plies. in accordance
with a preferred embodiment of the present invention the 10  imaging multiple individual plies of a
structure takes place during fabrication of the structure, at least between laying down of each of the
multiple individual plies.             Preferably, the method for inspecting structures formed of composite
materials during the fabrication thereof also includes providing a thee-dimensional image file of the
structure which enables ascertaining the mutual offsets in the locations 15of mutually parallel ones of
the edge joints :in the multiple individual plies.             There is also provided in accordance with
another preferred embodiment of the present invention a method for inspecting structures formed of
composite materials during the fabrication thereof including imaging multiple individual plies of a
structure, whereby the locations and orientations of edge joints between adjacent courses of each 20
ply are recorded and providing a three-dimensional image file of the structure which enables
ascertaining mutual offsets in the locations of mutually parallel ones of the edge joints in the multiple
individual plies.             Preferably, the individual plies each extend in an X-Y plane and are stacked in
a Z-direction, perpendicular to the X-Y plane of each of the individual plies 



with the corresponding location of an edge joint which most closely coffesponds thereto

in location and orientation in another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

imaging multiple individual plies of a structure takes place during fabrication of the

5 structure at least between laying down of each of the multiple individual plies.

There is further provided in accordance with yet another preferred

embodiment of the present invention a system for inspecting structures formed of

composite materials during the fabrication thereof, the system including an imager

operative to image multiple individual plies of a structure, whereby the locations and

10 orientations of edge joints between adjacent courses of each ply are recorded, an offset

analyzer operative to ascertain mutual ofßets in the locations of mutually parallel ones of

the edge joints in the multiple individual plies and a minimum offset threshold

exceedance indicator providing an output indication when at least one mutual offset of

the edge joints is less than a predetermined minimum offset.

15 Preferabl¡ the individual plies each extend in an X-Y plane and are

stacked in a Z-drection, perpendicular to the X-Y plane of each of the individual plies

and the mutual offsets are ascertained by comparing the location of each of the mutually

parallel edge joints in the X-Y plane of each of the individual plies with the

corresponding location of an edge joint which is mutually parallel thereto in the X-Y

20 plane of another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

individual plies are non-planar and the mutual offsets are ascertained by comparing the

location of each of the mutually parallel edge joints in each of the individual plies with

the corresponding location of an edge joint which most closely corresponds thereto in

25 location and orientation in another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

imager is operative to image the multiple individual plies during fabrication of the

structure at least between laying down of each of the multiple individual plies.

Preferably, the system for inspecting structures formed of composite

30 materials during the fabrication thereof also includes an image file generator operative to

provide a three-dimensional image file of the structure to said ofßet analyzer.

J

25 arid thc mutual offsets may be ascertained by comparing the location of each of the mutually
parallel edge joints in the X-Y plane of each of the individual plies with the corresponding location of an
edge joint which is mutually parallel thereto in the X-Y Mane of another one of the individual plies.
in accordance with a preferred embodiment of the present invention the 30individual plies are
non-planar and the mutual offsets may be ascertained by comparing the location of each of the
mutually parallel edge joints in each of the individual plies  with the corresponding location of an edge
joint which most closely corresponds thereto in location and orientation in another one of the individual
plies.             In accordance with a preferred embodiment of the present invention the imaging multiple
individual plies of a structure takes place during fabrication of the structure at least between laying
down of each of the multiple individual plies.             There is further provided in accordance with yet
another preferred embodiment of the present invention a system for inspecting structures thnned of
composite materials during the fabrication thereof, the system including an imager operative to image
multiple individual plies of a structure, whereby the locations and 10 orientations of edge joints
between adjacent courses of each ply are recorded, an offset analyzer operative to ascertain mutual
offsets in the locations of mutually parallel ones of the edge joints in the multiple individual plies and a
minimum offset threshold excecdance indicator providing an output indication when at least one
mutual offset of the edge joints is less than a predetermined minimum offset.             Preferably, the
individual plies each extend in an X-Y plane and are stacked in a Z-direction, perpendicular to the X-Y
plane of each of the individual plies and the mutual offsets are ascertained by comparing the location
of each of the mutually parallel edge joints in the X-Y plane of each of the individual plies with the
corresponding location of an edge joint which is mutually parallel thereto in the X-Y 20plane of another
one of the individual plies.             In accordance with a preferred embodiment of the present invention
the individual plies are non-planar and the mutual offsets are ascertained by comparing the location of
each of the mutually parallel edge joints in each of the individual plies with the corresponding location
of an edge joint which most closely corresponds thereto in 25location and orientation in another one of
the individual plies.             In accordance with a preferred embodiment of the present invention the
imager is operative to image the multiple individual plies during fabrication of the structure at least
between laying down of each of the multiple individual plies. Preferably, the system for inspecting
structures formed of composite 
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There is even further provided in accordance with still another preferred

embodiment of the present invention a system for inspecting structures formed of

composite materials during the fabrication thereof, the system including an imager

operative to image multiple individual plies of a structure, whereby the locations and

orientations of edge joints between adjacent courses of each ply are recorded, an offset

analyzer operative to ascertain mutual offsets in the locations of mutually parallel ones of

the edge joints in the multiple individual plies and an image file generator operative to

provide a three-dimensional image file of the structure to the offset analyzer.

Preferably, the individual plies each extend in an X-Y plane and are

stacked in a Z-direction, perpendicular to the X-Y plane of each of the individual plies

and the mutual offsets may be ascertained by comparing the location of each of the

mutually parallel edge joints in the X-Y plane of each of the individual plies with the

corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

individual plies are non-planar and the mutual offsets may be ascertained by comparing

the location of each of the mutually parallel edge joints in each of the individual plies

with the corresponding location of an edge joint which most closely corresponds thereto

in location and orientation in another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

imager is operative to image the multiple individual plies during fabrication of the

structure at least between laying down of each of the multiple individual plies.
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The present invention will be understood and appreciated more fully from

the following detailed description, taken in conjunction with the drawings in which:

Fig. 1 is a simplif,red illustration of a system for inspecting structures

formed of composite materials during the fabrication thereof, constructed and operative

30 in accordance with a preferred embodiment of the present invention;

4

30materials during the fabrication thereof also includes an image file generator operative to provide a
three-dimensional image file of the structure to said offset analyzer.                There is even further
provided in accordance with still another preferred embodiment of the present invention a system for
inspecting structures formed of composite materials during the fabrication thereof, the system
including an :imager operative to image multiple individual plies of a structure, whereby the locations
and  5 orientations of edge joints between adjacent courses of each ply are recorded, an offset
analyzer operative to ascertain mutual offsets in the locations of mutually parallel ones of the edge
joints in the multiple individual plies and an image file generator operative to provide a
three-dimensional image file of the structure to the offset analyzer.             Preferably, the individual
plies each extend in an X-Y plane and are stacked in a Z-direction, perpendicular to the X-Y plane of
each of the individual plies and the mutual offsets may be ascertained by comparing the location of
each of the mutually parallel edge joints in the X-Y plane of each of the individual plies with the
corresponding location of an edge joint which is mutual] y parallel thereto in the X-Y plane of another
one of the individual plies. 15In accordance with a preferred embodiment of the present invention the
individual plies are non-planar and. the mutual offsets may be ascertained by comparing the location
of each of the mutually parallel edge joints in each of the individual plies correspondingwith the
location of an edge joint which most closely corresponds thereto in location and orientation in another
one or the individual plies. 70In accordance with a preferred embodiment of the present invention the
imageris operative to image the multiple individual plies during fabrication of the structure at least
between laying down of each of the multiple individual plies. BRIEF DESCRIPTION OF THE
DRAWINGS 25 The present invention will be understood and appreciated more fully from the following
detailed description, taken in conjunction with the drawings in which: 



Fig. 2 is a simplified illustration of a system for inspecting structures

formed of composite materials during the fabrication thereof, constructed and operative

in accordance with another preferred embodiment of the present invention;

Fig. 3 is a simplif,red illustration of a system for inspecting structures

5 formed of composite materials during the fabrication thereof, constructed and operative

in accordance with a yet another preferred embodiment of the present invention;

Fig. 4 is a simplifred illustration of an output from the system of any of

Figs. 1 - 3 showing plies in a generally planar orientation; and

Fig. 5 is a simplified illustration of an output from the system of any of

10 Figs. 1 - 3 showing plies in a generally non- planar orientation.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

15

20

25

Reference is now made to Fig. 1, which is a simplified illustration of a

system for inspecting structures formed of composite materials during the fabrication

thereof constructed and operative in accordance with a preferred embodiment of the

present invention.

In the embodiment of Fig. 1, the system of the present invention is

constructed and operative within the context of a Cincinnati Charger Tape Layer (CTL)

machine 100, commercially available from Cincinnati Machine LLC of Hebron

Kentucky, USA, preferably including a V5 head l02.It is appreciated that the system of

the present invention is applicable to any suitable tape layup or hber placement machine

environment.

In accordance with a preferred embodiment of the present invention,

multiple illuminators 104, preferably Nerlite@ Machine Vision Lighting illuminators,

such as dark freld illuminators, DOAL@ (Diffuse On-Axis Light) illuminators, or dome

illuminators, commercially available from Microscan Systems, Inc., 700 SW 39û St.,

Renton, WA 98057, are mounted on head 102. Preferably multiple cameras 106, such as

In-Sight Micro Series vision system cameras, commercially available from Cognex

Corporation, One Vision Drive, Natick, MA 01760, are also mounted on head 102 to

view multiple adjacent courses 108 of laid up tapes of a composite structure 110 in real

5
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Fig. I is a simplified illustration of a system for inspecting sWuctures formed of composite materials
during the fabrication thereof, constructed and operative 30in accordance with a preferred embodiment
of the present invention;              Fig. 2 is a simplified illustration of a system for Inspecting structures
formed of Lomposite materials during the fabrication thereof, constructed and operative in accordance
with another preferred embodiment of the present invention;             Fig. 3 is a simplified illustration of
a system for inspecting structures formed of composite materials during the fabrication thereof,
constructed and operative in accordance with a yet another preferred embodiment of the present
invention;             Fig. 4 is a simplified illustration of an output from the system of any of Figs. 1 - 3
showing plies in a generally planar orientation; and                  Fig. 5 is a simplified illustration of an
output from the system of any of 10 Figs. 1 -3 showing plies in a generally non- planar orientation.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS Reference is now made to Fig. 1,
which is a simplified illustration of a 15 system for inspecting structures fanned of composite materials
dining the fabrication thereof; constructed and operative in accordance with a preferred embodiment of
the present: invention.             In the embodiment of Fig. 1, the system of the present invention is
constructed and operative within thn context of a Cincinnati Charger Tape Layer (CTL) 20 machine
100, commercially available from Cincinnati Machine LLC of Hebron Kentucky, USA, preferably
including a. V5 head 102. It is appreciated Mat the system of the present invention is applicable to any
suitable tape lay-up or fiber placement machine environment, In accordance with a preferred
embodiment of the present invention, 25 multiple illurninators 104, preferably Ned ite(r) Machine Vision
Lighting illuminators, such as dark field illuminators, DOAL.(r) (Diffuse On-Axis Light) illuminators, or
dome illuminators, commercially available from Microscan Systems, inc.. 700 SW 39th St., Renton,
WA 98057, are mounted on head 102. Preferably multiple cameras 106, such as In-Sight Micro Series
vision system cameras, commercially available from Copiex 



time or near real time, thereby imaging multiple individual plies 112 of the composite

structure, whereby the locations and orientations of edge joints 114 between adjacent

courses 108 of each ply are preferably recorded. Edge joints ll4 may be butt joints, at

which edges of adjacent courses 108 touch each other, gap joints, at which edges of

5 adjacent courses 108 are separated from each other by a separation S, or overlapjoints at

which edges ofadjacent courses 108 overlap each other.

Outputs of cameras 106 are supplied to one or more computers 120 which

preferably provide a three-dimensional image f,rle of the composite structure. This three-

dimensional image file enables ascertaining mutual offsets in the locations of mutually

10 parallel ones of edge joints ll4 itt multiple individual plies 1 12. One or more display I22

shows a desired view of the composite structure, enabling an operator to view in real time

or near real time the locations and orientations of edge joints 114 between adjacent

courses 108 of each ply as the courses 108 are laid on the composite structure.

In the example illustrated in Fig. 1, all of the courses 108 in three

15 illustrated plies 1 12 are mutually parallel and gap joints 130 are defrned between adjacent

parallel courses 108 in each ply 1I2. Typically in the aircraft industry there exist

requirements as to the extent of separation between adjacent courses 108. In the

illustrated example the requirements for gap joints 130 are that the adjacent parallel

courses 108 be separated by a distance of between 0 and 2.54 mm. Overlaps of adjacent

20 courses and separations between adjacent courses of more than 2.54 nìm are considered

to be defects and are detected by the system and methodology of the present invention.

Another important characteristic in the construction of composite

structures is the offset between gap joints 130 of parallel plies I 12, even when those plies

are not adjacent each other in the composite structure. In the illustrated example, the

25 offset between gap joints 130 of parallel plies 112 must be at least I2.7 mm. Offsets

between gap joints 130 of parallel plies 112 less than 12.7 Íìm are considered to be

defects and are detected by the system and methodology of the present invention.

In the context of the illustrated example, three plies ll2, each including

five adjacent courses 108, are shown. The separation between adjacent courses 108 at

30 each gap joint 130 is designated as S and the offset between gap joints 130 of parallel

6

30 Corporation, One Vision Drive, Natick, MA 01760, are also mounted on head 102 to view multiple
adjacent courses 108 of laid up tapes of a composite structure 110 in real  time or near real time,
thereby imaging multiple individual plies 112 of the composite structure, whereby the locations and
orientations of edge joints 114 between adjacent courses 108 of each ply are preferably recorded.
Edge joints 114 may be butt joints, at which_ edges of adjacent courses 108 touch each other, gap
joints, at which edges of  5 adjacent courses 108 are separated from each other by a separation S, or
overlap joints at which edges of adjacent courses 108 overlap each other.             Outputs of cameras
106 are supplied to one or more computurs 120 which preferably provide a three-dimensional image
file of the composite structure. This three-dimensional image file enables ascertaining mutual offsets in
the locations of mutually  10 parallel ones of edge joints 114 in multiple individual plies 112. One or
more display 122 shows a desired view of the composite structure, enabling an operator to view in real
time or near real time the locations and orientations of edge joints, 114 between adjacent courses 108
of each ply as the courses 108 are laid on the composite structure. In the example illustrated in Fig, 1,
all of the courses 108 in three  15 illustrated plies 112 are mutually parallel and gap joints 130 are
defined between adjacent parallel courses 108 in each ply 112. Typically in the aircraft industry there
exist requirements as to the extent of separation between adjacent courses 108. In the illustrated
example the requirements for gap joints 130 are that the adjacent parallel courses 108 be separated
by a distance of between 0 and 2.54 am, Overlaps of adjacent  20 courses and separations between
adjacent courses of more than 2.54 ram are considered to be defects and are detected by the system
and methodology of the present invention.             Another important characteristic in the construction
of composite structures is the offset between gap joints 130 of parallel plies 112, even when those
plies are not adjacent each other in the composite structure. In the illustrated example, the offset
between gap joints 130 of parallel plies 112 must be at least 12.7 nun. Offsets between gap joints 130
of parallel plies 112 less than 12.7 mm are considered to be defects and are detected by the system
and methodology of the present invention.             In the context of the illustrated example, three plies
112, each including five adjacent courses 108, are shown. The separation between adjacent courses
108 at 30each gap joint 130 is designated as S and the offset between gap joints 130 of parallel  plies
112 is designated as 0. It is appreciated that the offset between gap joints0 is 
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plies 112 is designated as O. It is appreciated that the offset between gap joints 130 is

normally equivalent to the offset between edge joints between adjacent courses.

In accordance with a preferred embodiment of the present invention, the

computer 120 automatically provides an output indication when at least one mutual offset

of the edge joints is less than a predetermined minimum offset.

Reference is now made to Fig. 2, which is a simplified illustration of a

system for inspecting structures formed of composite materials during the fabrication

thereof, constructed and operative in accordance with another preferred embodiment of

the present invention.

In the embodiment of Fig. 2, the system of the present invention is

constructed and operative within the context of a Cincinnati Charger Tape Layer (CTL)

machine 200, commercially available from Cincinnati Machine LLC of Hebron

Kentucþ, USA, preferably including a V5 head 202.It is appreciated that the system of

the present invention is applicable to any suitable tape layup or fiber placement machine

environment.

In accordance with a preferred embodiment of the present invention,

multiple illuminators 204, preferably Nerlite@ Machine Vision Lighting illuminators,

such as dark freld illuminators, DOAL@ (Diffuse On-Axis Light) illuminators, or dome

illuminators, commercially available from Microscan Systems, Inc., 700 SW 39ú St.,

Renton, V/A 98057, are mounted on the CTL machine 200. Preferably multiple cameras

206, such as In-Sight Micro Series vision system cameras, commercially available from

Cognex Corporation, One Vision Drive, Natick, MA 01760, are mounted above the CTL

machine 200, preferably on a ceiling, to view multiple adjacent courses 208 of laid up

tapes of a composite structure 210 in real time or near real time, thereby imaging multiple

individual plies 212 of the composite structure, whereby the locations and orientations of

edge joints 2l4betureen adjacent courses 208 of each ply are preferably recorded.

Outputs of cameras 206 are supplied to one or more computers 220 which

preferably provide a three-dimensional image frle of the composite structure. It is

appreciated that whereas in the embodiment of Fig. l, at any one time only a relatively

small region of the composite structure 210 is viewed, in the embodiment of Fig. 2,

nearly the entire composite structure 210 is viewed.
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normally equivalent to the offset between edge joints between adjacent courses.             In accordance
with a preferred embodiment of the present invention, the computer 120 automatically provides an
output indication when at least one mutual offset 5of the edge joints is less than a predetermined
minimum offset.             Reference is now made to Fig. 2, which is a simplified illustration of a system
for inspecting structures formed of composite materials during the fabrication thereof, constructed and
operative in accordance with another preferred embodiment of the present invention.             In the
embodiment of Fig. 2, the system of the present invention is constructed and operative within the
context of a Cincinnati Charger Tape Layer (CTL) machine 200, commercially available from
Cincinnati Machine LLC of Hebron Kentucky, USA, preferably including a V5 head 202. It is
appreciated that the system of the present invention is applicable to any suitable tape layup or -fiber
placement machine 15environment.             In accordance with a preferred embodiment of the present
invention, multiple illuminators 204, preferably Neslite(r) Machine Vision Lighting ilituninators, such as
dark field illuminators, DoALe (Diffuse On-Axis Light) illuminators, or dome illuminators, commercially
available from Microscan Systems, Inc., 700 SW 39th St., 20 Renton, WA 98057, are mounted on the
CTL machine 200. Preferably multiple cameras 206, such as In-Sight Micro Series vision system
cameras, commercially available from Copex Corporation, One Vision Drive, Natick, MA 01760, are
mounted above the CTL machine 200, preferably on a ceiling, to view multiple adjacent courses 208 of
laid up tapes of a composite structure 210 in real time or near real. time, thereby imaging multiple
individual plies 212 of the composite structure, whereby the locations and orientations of edge joints
214 between adjacent courses 208 of each ply are preferably recorded.             Outputs of cameras
206 are supplied to one or more computers 220 which preferably provide a three-dimensional image
file of the composite structure. It is appreciated that whereas in the embodiment of Fig. 1, at any one
time only a relatively 30small region of the composite structure 210 is viewed, in the embodiment of
Fig. 2, nearly the entire composite structure 210 is viewed.              This three-dimensional image file
enables ascertaining mutual offsets in the locations of mutually parallel ones of edge joints 214 in
multiple individual plies 212. One or more display 222 shows a desired view of the composite
structure, enabling an operator to view in real time or near real time the locations and orientations of
edge joints 214 between adjacent courses 208 of each ply as the courses 208 are laid on the
composite structure.             In the example illustrated in Fig. 2, all of the courses 208 in three
illustrated plies 212 are mutually parallel and gap joints 230 are defined between adjacent parallel
courses 208 in each ply 212. Typically in the aircraft industry there exist 



This three-dimensional image hle enables ascertaining mutual offsets in

the locations of mutually parallel ones of edge joints 214 in multiple individual plies 212.

One or more display 222 shows a desired view of the composite structure, enabling an

operator to view in real time or near real time the locations and orientations of edge joints

5 214 between adjacent courses 208 of each ply as the courses 208 are laid on the

composite structure.

In the example illustrated in Fig. 2, all of the courses 208 in three

illustrated plies 21,2 are mutually parallel and gap joints 230 are defined between adjacent

parallel courses 208 in each ply 212. Typically in the aircraft industry there exist

10 requirements as to the extent of separation between adjacent courses 208. In the

illustrated example the requirements for gap joints 230 are that the adjacent parallel

courses 208 be separated by a distance of between 0 and 2.54 mm. Overlaps of adjacent

courses and separations between adjacent courses of more than2.54 Íìm are considered

to be defects and are detected by the system and methodology of the present invention.

15 Another important characteristic in the construction of composite

structures is the offset between gap joints 230 of parcllel plies 212, evenwhen those plies

are not adjacent each other in the composite structure. In the illustrated example, the

offset between gap joints 230 of parallel plies 212 must be at least 12.7 mm. Offsets

between gap joints 230 of parallel plies 212 less than I2.7 mm are considered to be

20 defects and are detected by the system and methodology of the present invention.

In the context of the illustrated example, three plies 212, each including

five adjacent courses 208, arc shown. The separation between adjacent courses 208 at

each gap joint 230 is designated as S and the offset between gap joints of parallel plies is

designated as O. It is appreciated that the offset between gap joints is normally equivalent

25 to the offset between edge joints between adjacent courses.

In accordance with a preferred embodiment of the present invention, the

computer 220 attomatically provides an output indication when at least one mutual offset

of the edge joints is less than a predetermined minimum offset.

Reference is now made to Fig. 3, which is a simplified illustration of a

30 system for inspecting structures formed of composite materials during the fabrication

I

10 requirements as to the extent of separation between adjacent courses 208. In the illustrated
example the requirements for gap joints 230 are that the adjacent parallel courses 208 be separated
by a distance of between 0 and 2.54 mm, Overlaps of adjacent courses and separations between
adjacent courses of more than 2.54 mm are considered to be defects and are detected by the system
and methodology of the present invention. 15  Another important characteristic in the construction of
composite structures is the offset between gap joints 230 of parallel plies 212, even when those plies
are not adjacent each other in the composite structure. In the illustrated example, the offset between
gap joints 230 of parallel plies 212 must be at least 123 mm. Offsets between gap joints 230 of parallel
plies 212 less than 12.7 ram are considered to be 20defects and are detected by the system and
methodology of the present invention.             In the context of the illustrated example, three plies 212,
each including five adjacent courses 208, are shown. The separation between adjacent courses 208 at
each gap joint 230 is designated as S and the offset between gap joints of parallel plies is designated
as O. It is appreciated that the offset between gap joints is normally equivalent to the offset between
edge joints between adjacent courses.             In accordance with a preferred embodiment of the
present invention, the computer 220 automatically provides an output indication when at least one
mutual offset of the edge joints is less than a predetermined minimum offset.                  Reference is
now made to Fig, 3, which is a simpli Fled illustration of a 30system for inspecting structures formed of
composite materials during the fabrication  thereof, constructed and operative in accordance with yet
another preferred embodiment of the present invention.            In the embodiment of Fig. 3, the system
of the present invention is shown alongside a Cincinnati Charger Tape Layer (cm) machine 300,
commercially available from Cincinnati Machine LLC of Hebron Kentucky, USA, preferably including a
V5 head 302. In this embodiment, the operation of the system of the present invention, is generally
independent of the operation of the CTL machine 300 other than to the extent that the gantry 303 of
the CTL machine mug be out of the way and stationary during the imaging operation of the system of
the present invention. It is appreciated that the system 10  of the present invention is useful with any
suitable tape layup or fiber placement machine environment.            In accordance with a preferred
embodiment of the present invention, multiple illuminators 304, preferably Nerlite(r) Machine Vision
Lighting illuminators, such as dark field illuminators, DOAL(r) (Difthse On-Axis Liritil) illuminators, or
dome 15 illuminators, commercially available from Microscan Systems, Inc., 700 SW 39'h St., Renton,
WA 98057, are mounted on a special purpose gantry 305. Preferably multiple cameras 306, such as
In-Sight Micro Series vision system cameras, commercially available from Cognex Corporation, One
Vision Drive, Natick, MA 01760, are also mounted on gantry 305 to view multiple adjacent courses 308
of laid up tapes of a 20 composite structure 310 in real time or near real time, preferably after each ply
312 is laid down, thereby imaging multiple individual plies 312 or the composite structure, whereby the
locations and orientations of edge joints 314 between adjacent courses 308 of each ply are preferably
recorded. Outputs of cameras 306 are supplied to one or more computers 320 which 



thereof, constructed and operative in accordance with yet another preferred embodiment

of the present invention.

In the embodiment of Fig. 3, the system of the present invention is shown

alongside a Cincinnati Charger Tape Layer (CTL) machine 300, commercially available

5 from Cincinnati Machine LLC of Hebron Kentucky, USA, preferably including a V5

head 302. In this embodiment, the operation of the system of the present invention is

generally independent of the operation of the CTL machine 300 other than to the extent

that the gantry 303 of the CTL machine must be out of the way and stationary during the

imaging operation of the system of the present invention. It is appreciated that the system

10 of the present invention is useful with any suitable tape layup or f,rber placement machine

environment.

In accordance with a preferred embodiment of the present invention,

multiple illuminators 304, preferably Nerlite@ Machine Vision Lighting illuminators,

such as dark field illuminators, DOAL@ (Diffuse On-Axis Light) illuminators, or dome

15 illuminators, commercially available from Microscan Systems, Inc., 700 SW 39ft St.,

Renton, WA 98057, are mounted on a special purpose gantry 305. Preferably multiple

cameras 306, such as In-Sight Micro Series vision system cameras, commercially

available from Cognex Corporation, One Vision Drive, Natick, MA 01760, are also

mounted on gantry 305 to view multiple adjacent courses 308 of laid up tapes of a

20 composite structure 310 in real time or near real time, preferably after each ply 312 is laid

down, thereby imaging multiple individual plies 3 12 of the composite structure, whereby

the locations and orientations of edge joints 314 between adjacent courses 308 of each

ply are preferably recorded.

Outputs of cameras 306 are supplied to one or more computers 320 which

25 preferably provide a three-dimensional image frle of the composite structure. This three-

dimensional image file enables ascertaining mutual offsets in the locations of mutually

parallel ones of edge joints 314 in multiple individual plies 312. One or more display 322

shows a desired view of the composite structure, enabling an operator to view in real time

or near real time the locations and orientations of edge joints 314 between adjacent

30 courses 308 of each ply as the courses 308 are laid on the composite structure.
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25 preferably provide a three-dimensional image file of the composite structure. This
three-dimensional image file enables ascertaining mutual offsets in the locations of mutually parallel,
ones of edge joints 314 in multiple individual plies 312. One or more display 322 shows a desired view
of the composite structure, enabling an operator to view in real time or near real time the locations and
orientations of edge joints 314 between adjacent 30courses 308 of each ply as the courses 308 are
laid on the composite structure.                In the example illustrated in Fig. 3, all of the courses 308 in
three illustrated plies 312 are mutually parallel and gap joints 330 are defined between adjacent
parallel courses 308 in each ply 312. Typically in the aircraft industry there exist requirements as to the
extent of separation between adjacent courses 308. In the illustrated example the requirements for
gap joints 330 are that the adjacent parallel courses 308 be separated by a distance of between 0 and
2.54 mm. Overlaps of adjacent courses and separations between adjacent courses of more than 2 54
mm are considered to be defects and are detected by the system and methodology of the present
invention. .knother important characteristic in the construction of composite 10  structures is the offset
between gap joints 330 of parallel plies 312, even when those plies are not adjacent each other in the
composite structure. In the illustrated example, thc offset between gap joints 330 of parallel plies 312
must be at least 12.7 mm. Offsets between gap joints 330 of parallel plies 312 less than 12.7 mm are
considered to be defects and are detected by the system and methodology of the present invention. 15
In the context of the illustrated example, three plies 312, each including five adjacent courses 308, are
shown. The separation between adjacent courses 308 at each gap joint 330 is designated as S and
the offset between gap joints of parallel plies is designated as 0. it is appreciated that the offset
between gap joints is normally equivalent to the offset between edge joints between adjacent courses.
20In accordance with a preferred embodiment of the present invention, the computer 320
automatically provides an output indication when at least one mutual offset of the edge joints is less
than a-predetermined :minimum offset.             Reference is now made to Fig. 4, which is a simplified
illustration of an output from the system of any of Figs. I - 3 showing plies in a generally planar 25
orientation. In the example shown in Fig. 4, the courses that make up plies 1, 3, 5 and 8 are mutually
parallel; the courses that make up plies 2 and 7 are mutually parallel, but are angled relative to the
courses that make up plies 1, 3, 5 and 8, and the courses that make up plies 4 and 6 are each not
parallel to courses in any of the other plies in the illustrated composite article. 30Fig. 4 illustrates, at A,
a cross-sectional cut taken from a three dimensional map automatically produced by the system of the
present invention which clearly shows  
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In the example illustrated in Fig. 3, alI of the courses 308 in three

illustrated plies 312 are mutually parallel and gap joints 330 are def,rned between adjacent

parallel courses 308 in each ply 312. Typically in the aircraft industry there exist

requirements as to the extent of separation between adjacent courses 308. In the

illustrated example the requirements for gap joints 330 are that the adjacent parallel

courses 308 be separated by a distance of between 0 and 2.54 mm. Overlaps of adjacent

courses and separations between adjacent courses of more than 2.54 mm are considered

to be defects and are detected by the system and methodology of the present invention.

Another important characteristic in the construction of composite

structures is the offset between gap joints 330 of parallel plies 312, even when those plies

are not adjacent each other in the composite structure. In the illustrated example, the

offset between gap joints 330 of parallel plies 312 must be at least 12.7 mm. Offsets

between gap joints 330 of parallel plies 312 less than 12.7 mm are considered to be

defects and are detected by the system and methodology of the present invention.

In the context of the illustrated example, three plies 3I2, each including

five adjacent courses 308, are shown. The separation between adjacent courses 308 at

each gap joint 330 is designated as S and the offset between gap joints of parallel plies is

designated as O. It is appreciated that the offset between gap joints is normally equivalent

to the offset between edge joints between adjacent courses.

In accordance with a preferred embodiment of the present invention, the

computer 320 automatically provides an output indication when at least one mutual offset

of the edge joints is less than a predetermined minimum offset.

Reference is now made to Fig. 4, which is a simplif,red illustration of an

output from the system of any of Figs. I - 3 showing plies in a generally planar

orientation. In the example shown in Fig. 4, the courses that make up plies 1, 3, 5 and 8

are mutually parallel; the courses that make up plies 2 and 7 are mutually parallel, but are

angled relative to the courses that make up plies 1,3,5 and 8, and the courses that make

up plies 4 and 6 are each not parallel to courses in any of the other plies in the illustrated

composite article.

Fig. 4 illustrates, at A, a cross-sectional cut taken from a three dimensional

map automatically produced by the system of the present invention which clearly shows
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and emphasizes both the separation, designated S, between adjacent courses 408 at each gap joint
430 in mutually parallel plies I, 3, 5 and 8, and the offset, designated 0, between gap joints 430 of
mutually parallel plies 1, 3, 5 and 8.              Fig. 4 illustrates, at B, a cross-sectional cut taken from a
three dimensional map automatically produced by the system of the present invention which clearly
shows and emphasizes both the separation, designated S. between adjacent courses 408 at each gap
joint 430 in mutually parallel plies 2 & 7, and the offset, designated 0, between gap joints 430 of
mutually parallel plies 2 & 7. Reference is now made to Fig, 5, which is a simplified illustration of an 10
output from the system of any of Figs. 1- 3 showing plies in a generally non-plartar orientation. In the
example shown in Fig. 5, the courses 508 that make up plies 1, 3, 5 and 8 are mutually parallel; the
courses that make up plies 2 and 7 are mutually parallel but are angled relative to the courses that
make up plies 1, 3, 5 and 8 and the courses that make up plies 4 and 6 are each not parallel to
courses in any of the other plies in the 15illustrated composite article.             Fig. 5 illustrates, at A. a
cross-sectional cut taken from a three dimensional map automatically produced by the system of the
present invention which clearly shows and emphasizes both the separation, designated S. between
adjacent courses 508 at each gap joint 530 in mutually parallel plies 1, 3, 5 and 8, and the offset,
designated 0, 20between gap joints 530 of mutually parallel plies 1, 3, 5 and 8.             Fig. 5
illustrates, at B, a cross-sectional cut taken from a three dimensional map automatically produced by
the system or the present invention which clearly shows and emphasizes both the separation,
designated 8, between adjacent courses 508 at each gap joint 530 in mutually parallel plies 2 & 7, and
the offset:, designated 0, between gap joints 530 of mutually parallel plies 2 & 7.  CLAIMS  1. A
method 'for inspecting structures formed of composite materials during the fabrication thereof
comprising:             imaging multiple individual plies of a structure, whereby the locations and
orientations of edge joints between adjacent courses of each ply are recorded;             ascertaining
mutual offsets in the locations of mutually parallel ones of said edge joints in said multiple individual
plies; and                 providing an output indication when at least one mutual offset of said edge
10joints is less than a predetermined minimum offset. 



and emphasizes both the separation, designated S, between adjacent courses 408 at each

gap joint 430 in mutually parallel plies 1, 3, 5 and 8, and the offset, designated O,

between gap joints 43 0 of mutually parallel plies I , 3 , 5 and 8.

Fig. 4 illustrates, atB, a cross-sectional cut taken from a three dimensional

5 map automatically produced by the system of the present invention which clearly shows

and emphasizes both the separation, designated S, between adjacent courses 408 at each

gap joint 430 in mutually parallel plies 2 & 7, and the offset, designated O, between gap

joints 430 of mutually parallel plies 2 &,7.

Reference is now made to Fig. 5, which is a simplified illustration of an

10 output from the system of any of Figs. 1 - 3 showing plies in a generally non-planar

orientation. In the example shown in Fig. 5, the courses 508 that make up plies 1, 3, 5 and

8 are mutually parallel; the courses that make up plies 2 and 7 are mutually parallel but

are angled relative to the courses that make up plies 1,3, 5 and 8 and the courses that

make up plies 4 and 6 are each not parallel to courses in any of the other plies in the

15 illustrated composite article.

Fig. 5 illustrates, at A, a cross-sectional cut taken from a three dimensional

map automatically produced by the system of the present invention which clearly shows

and emphasizes both the separation, designated S, between adjacent courses 508 at each

gap joint 530 in mutually parallel plies 1, 3, 5 and 8, and the offset, designated O,

20 between gap joints 530 of mutually parallel plies 1,3, 5 and 8.

Fig. 5 illustrates, atB, a cross-sectional cut taken from a three dimensional

map automatically produced by the system of the present invention which clearly shows

and emphasizes both the separation, designated S, between adjacent courses 508 at each

gap joint 530 in mutually parallel plies 2 & 7, and the offset, designated O, between gap

25 joints 530 of mutually parallel plies 2 &7.
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2. A method for inspecting structures formed of composite materials during the fabrication thereof
according to claim 1 and wherein: said individual plies each extend in an X-Y plane and are stacked in
a Z- 15direction,perpendicular to the X-Y plane of each of said individual plies; and             said mutual
offsets are ascertained by comparing the location of each of said mutually parallel edge joints in the
X-Y plane of each of said individual plies with the corresponding location of an edge joint which is
mutually parallel thereto in the X-Y plane of another one of said individual plies. 20 3,A method for
inspecting structures formed of composite materials during the fabrication thereof according to claim 1
and wherein: said individual plies are non-planar; and             said mutual offsets are ascertained by
comparing the location of each of said mutually parallel edge joints in each of said individual plies with
the corresponding location of an edge joint which most closely corresponds thereto in location and
orientation in another one of said individual plies, 4.A method for inspecting structures formed of
composite materials during 30the fabrication thereof according to claim 1 and wherein said imaging
multiple individual  plies of a structure takes place during fabrication of said structure, at least between
laying down of each of said multiple individual plies. 5.A method for inspecting structures formed of
composite tnatenals duriig 



CLAIMS

1. A method for inspecting structures formed of composite materials during

the fabrication thereof comprising:

5 imaging multiple individual plies of a structure, whereby the locations and

orientations ofedgejoints between adjacent courses ofeachply are recorded;

ascertaining mutual offsets in the locations of mutually parallel ones of

said edge joints in said multiple individual plies; and

providing an output indication when at least one mutual offset of said edge

10 joints is less than a predetermined minimum ofßet.

2. A method for inspecting structures formed of composite materials during

the fabrication thereof according to claim I and wherein:

said individual plies each extend in an X-Y plane and are stacked in a Z-

15 direction, perpendicular to the X-Y plane of each of said individual plies; and

said mutual offsets are ascertained by comparing the location of each of

said mutually parallel edge joints in the X-Y plane of each of said individual plies with

the corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of said individual plies.

20

3. A method for inspecting structures formed of composite materials during

the fabrication thereof according to claim 1 and wherein:

said individual plies are non-planar; and

said mutual offsets are ascertained by comparing the location of each of

25 said mutually parallel edge joints in each of said individual plies with the corresponding

location of an edge joint which most closely corresponds thereto in location and

orientation in another one of said individual plies.

4. A method for inspecting structures formed of composite materials during

the fabrication thereof according to claim 1 and wherein said imaging multiple individual30

I2

the fabrication thereof according to claim 1 and also comprising:             providing a three-dimensional
image file of said structure which enables ascertaining the mutual offsets in the locations of mutually
parallel ones of said edge joints in said multiple individual plies. 106.A method for inspecting structures
formed of composite materials during the fabrication thereof comprising:               imaging multiple
individual plies of a structure, whereby the locations and orientations of edge joints between adjacent
courses of each ply are recorded; and providing a three-dimensional image tile of said structure which
enables 15ascertaining mutual offsets in the locations of mutually parallel ones of said edge joints in
said multiple individual plies.             A method for inspecting structures formed of composite materials
during the fabrication thereof according to claim 6 and wherein: 20said individual plies each extend in
an X-Y plane and are stacked in a Z- direction, perpendicular to the X-Y plane of each of said
individual plies; and             said mutual offsets may be ascertained by comparing the location of each
of said parallel edge joints in the X-Y plane of each of said individual plies with the corresponding
location or an edge joint which is mutually parallel thereto in the X-Y 25plane of another one of said
individual plies. 8.A method for inspecting structures formed of composite materials during 



plies of a structure takes place during fabrication of said structure, at least between laying

down of each of said multiple individual plies.

5. A method for inspecting structures formed of composite materials during

5 the fabrication thereof according to claim I and also comprising:

providing a three-dimensional image frle of said structure which enables

ascertaining the mutual offsets in the locations of mutually parallel ones of said edge

joints in said multiple individual plies.

6. A method for inspecting structures formed of composite materials during

the fabrication thereof comprising :

imaging multiple individual plies of a structure, whereby the locations and

orientations ofedgejoints between adjacent courses ofeach ply are recorded; and

providing a three-dimensional image file of said structure which enables

ascertaining mutual offsets in the locations of mutually parallel ones of said edge joints in

said multiple individual plies.
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7. A method for inspecting structures formed of composite materials during

the fabrication thereof according to claim 6 and wherein:

said individual plies each extend in an X-Y plane and are stacked in a Z-

direction, perpendicular to the X-Y plane of each of said individual plies; and

said mutual offsets may be ascertained by comparing the location of each

of said mutually parallel edge joints in the X-Y plane of each of said individual plies with

the corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of said individual plies.

8. A method for inspecting structures formed of composite materials during

the fabrication thereof according to claim 6 and wherein:

said individual plies are non-planar; and

said mutual offsets may be ascertained by comparing the location of each

of said mutually parallel edge joints in each of said individual plies with the

30
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the fabrication thereof according to claim 6 and wherein: said individual plies are non-planar; and
30said mutual offsets may be ascertained by comparing the location of each of said mutually parallel
edge joints in each of said individual plies with the  corresponding location of an edge joint which most
closely corresponds thereto in location and orientation in another one of said individual plies. A method
for inspecting structures formed of composite materials during  5 the fabrication thereof according to
claim 6 and wherein said imaging multiple individual plies of a structure takes place daring fabrication
of said structure at least between laying down of each of said multiple individual plies. 10.A system for
inspecting structures formed of composite materials during 10the fabrication thereof, the system
comprising:             an imager operative to image multiple individual plies of a structure, whereby the
locations and orientations of edge joints between adjacent courses of' each ply are recorded; an offset
analyzer operative to ascertain mutual offsets in the locations of 15mutually parallel ones of said edge
joints in said multiple individual plies; and             a minimum offset threshold exceedance indicator
providing an output indication when at least one mutual offset of said edge joints is less than a
predetermined minimum offset. 
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coresponding location of an edge joint which most closely corresponds thereto in

location and orientation in another one of said individual plies.

9. A method for inspecting structures formed of composite materials during

the fabrication thereof according to claim 6 and wherein said imaging multiple individual

plies of a structure takes place during fabrication of said structure at least between laying

down of each of said multiple individual plies.

10. A system for inspecting structures formed of composite materials during

10 the fabrication thereof, the system comprising:

an imager operative to image multiple individual plies of a structure,

whereby the locations and orientations of edge joints between adjacent courses of each

ply are recorded;

an offset analyzer operative to ascertain mutual offsets in the locations of

15 mutually parallel ones of said edge joints in said multiple individual plies; and

a minimum offset threshold exceedance indicator providing an output

indication when at least one mutual offset of said edge joints is less than a predetermined

minimum offset.

20
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11. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 10 and wherein:

said individual plies each extend in an X-Y plane and are stacked in a Z-

direction, perpendicular to the X-Y plane of each of said individual plies; and

said mutual offsets are ascertained by comparing the location of each of

said mutually parallel edge joints in the X-Y plane of each of said individual plies with

the corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of said individual plies.

12. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 10 and wherein:

said individual plies are non-planar; and

30
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2011.A system for inspecting structures formed of composite materials during the fabrication thereof
according to claim 10 and wherein:             said individual plies each extend in an X-Y plane and are
stacked in a direction, perpendicular perpendicular to the X-Y plane of each of said individual plies;
and said mutual offsets are ascertained by comparing the location of each of  25 said mutually parallel
edge joints in the X-Y plane of each of said individual plies with the corresponding location of an edge
joint which is mutually parallel thereto in the X-Y plane of another one of said individual                  A
system for inspecting structures formed of composite materials during 30the fabrication thereof
according to claim 10 and wherein: said individual plies are non-planar; and                said mutual
offsets are ascertained by comparing the location of each of said mutually parallel edge joints in each
of said individual plies with the corresponding location of an edge joint which most closely corresponds
thereto in location and orientation in another one of said individual plies. 5 13.A system for inspecting
structures formed of composite materials during the fabrication thereof according to claim 10 and
wherein said :imager is operative to image said multiple individual plies during fabrication of said
structure at least between laying down of each of said multiple individual plies. 10 
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said mutual offsets are ascertained by comparing the location of each of

said mutually parallel edge joints in each of said individual plies with the corresponding

location of an edge joint which most closely corresponds thereto in location and

orientation in another one of said individual plies.

t3. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 10 and wherein said imager is operative to

image said multiple individual plies during fabrication of said structure at least between

laying down of each of said multiple individual plies.

14. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 10 and also comprising:

an image file generator operative to provide a three-dimensional image file

of said structure to said offset analyzer.

15. A system for inspecting structures formed of composite materials during

the fabrication thereof, the system comprising:

an imager operative to image multiple individual plies of a structure,

whereby the locations and orientations of edge joints between adjacent courses of each

ply are recorded;

an offset analyzer operative to ascertain mutual offsets in the locations of

mutually parallel ones of said edge joints in said multiple individual plies; and

an image file generator operative to provide a three-dimensional image frle

of said structure to said offset analyzer.

16. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 15 and wherein:

said individual plies each extend in an X-Y plane and are stacked in a Z-

direction, perpendicular to the X-Y plane of each of said individual plies; and

said mutual offsets may be ascertained by comparing the location of each

of said mutually parallel edge joints in the X-Y plane of each of said individual plies with
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A system for inspecting structures formed of composite materials during the fabrication thereof
according to claim 10 and also comprising:             an image file generator operative to provide a
three-dimensional image file of said structure to said offset analyzer. 15  15. A system for inspecting
structures formed of composite materials during the fabricationtof, the system comprising:               an
imager operative to image multiple individual plies of a structure, whereby the locations and
orientations of edge joints between adjacent courses of each 20 ply are recorded;             an offset
analyzer operative to ascertain mutual offsets in the locations of mutually parallel ones of said edge
joints in said multiple individual plies; and             an image file generator operative to provide a
three-dimensional image file of said structure to said offset analyzer.  16. A system for inspecting
structures formed of composite matenals during the fabrication thereof according to claim 15 and
wherein: said individual plies each extend in an X-Y plane and are stacked in a Z- freedom
perpendicular to the X-Y plane of each of said individual plies; and 30said mutual offsets may be
ascertained by comparing the location of each of said mutually parallel edge joints in the X-Y plane of
each of said individual plies with  
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the corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of said individual plies.

17. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 15 and wherein:

said individual plies are non-planar; and

said mutual offsets may be ascertained by comparing the location of each

of said mutually parallel edge joints in each of said individual plies with the

corresponding location of an edge joint which most closely corresponds thereto in

location and orientation in another one of said individual plies.

18. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 15 and wherein said imager is operative to

image said multiple individual plies during fabrication of said structure at least between

laying down of each of said multiple individual plies.

10

t5

t6

the con-esponding location of an ed plane of another one of said individual p -which is mutually
parallel thereto in the X-Y   17. A system for inspecting structures formed of composite materials
during the fabrication thereof according to claim 15 and wherein: said individual plies are non-planar;
and             said mutual offsets may be ascertained by comparing the location of each of said mutually
parallel edge joints in each of said individual plies with the corresponding location of an edge joint
which most closely corresponds thereto in 10location and orientation in another one of said individual
plies.  18. A system for inspecting structures formed of composite materials during the fabrication
thereof according to claim 15 and wherein said imager is operative to image said multiple individual
plies during fabrication of said structure at least between 15laying down of each of said multiple
individual plies. 




