
METHOD AND APPARATUS FOR FINDING ANOMALIES IN
FINISHED  PARTS AND/OR ASSEMBLIES BACKGROUND OF THE
INVENTION This invention relates generally to
inspection of parts, and more particularly to the
detection of anomalies in finished manufactured
parts. During the manufacturing of complex 3D
structures, there is a possibility of foreign
material occurring in internal passages or cavities.
For example, in the machining of  complex parts or
assemblies with inner passages, machine chips may
lodge inside. If  the passages do not easily allow
either visual or mechanical access, it may be
difficult  to be absolutely sure no chips remain
inside. In the manufacture of turbine blades for
aircraft, a ceramic core is often used to form
complex inner cooling air passages. To check whether
the ceramic core has been  removed by a subsequent
chemical cleaning, the blades are often sent for
neutron  radiography, which results in the loss of
considerable time in the manufacturing and  approval
process. Parts are often laser drilled or EDM
(electron discharge machining)  drilled to form
cooling holes. Sometimes these holes converge, and it
may be difficult  to detect the exact point of
convergence. In addition, pipes and parts may suffer
corrosion or erosion in use, and it is not easy to
determine how much good material  remains.
Non-destructive examination of parts can be performed
by one or more known  techniques, which include, for
example, radiography, ultrasonics, and acoustic
emission. For the most exact location of problems
inside parts it has been found that  computed
tomography showing cross sections is most helpful.
BRIEF DESCRIPTION OF THE INVENTION  I 



One aspect of the present invention provides a method
for non-destructive  examination of parts, said
method comprising: generating a 3-D image of a sample
of  a part using a computed tomographic imaging
system; extracting a point cloud of the  image of the
sample of the part from the 3-D image; registering
the point cloud to a  CAD coordinate system;
determining points in the point cloud of the image
that are  more than a selected distance from surfaces
on a CAD 3-D model of the part utilizing  the same
CAD coordinate system; utilizing the determined
points that are greater than  the selected distance
to determine the presence of anomalies; and
outputting an image  of anomalies inside or outside
the sample of the part to at least one of a display
and a  printer. An alternate aspect of the present
invention provides an apparatus for non-destructive
examination of parts, said apparatus comprising: a
computer having a display and  memory, and a
computer-readable medium having recorded thereon
instructions  configured to instruct the computer to:
extract a point cloud from a 3-D image of a  sample
of a part; register the point cloud to a CAD
coordinate system; determine  points in the point
cloud of the image that are greater than a selected
distance from  surfaces on a CAD 3-D model of the
part utilizing the same CAD coordinate system;
utilize the determined points that are greater than
the selected distance to determine  the presence of
anomalies; and output an image of anomalies in the
sample of the part.  A further aspect of the present
invitation provides a machine-readable medium or
media having recorded thereon instructions configured
to instruct a computer to:  extract a point cloud
from a 3-D image of a sample of a part; register the
point cloud  to a CAD coordinate system; determine
points in the point cloud of the image that are
greater than a selected distance from surfaces on a
CAD 3-D model of the part  utilizing the same CAD
coordinate system; utilize the determined points that
are  



greater than the selected distance to determine the
presence of anomalies; and output  an image of
anomalies in the sample of the part to at least one
of a display and a  printer. 2 Configurations of the
present invention can be used to find anomalies in
finished  parts. It will be appreciated that
configurations of the present invention can be used
to  produce high quality complex machined components
and assemblies (i.e., parts).  BRIEF DESCRIPTION OF
THE DRAWINGS Figure 1 is a block diagram of an
apparatus configuration of the present invention.
Figure 2 is a flow chart of a method configuration of
the present invention.  2a Figure 3 is a flow chart
showing a method for extracting a point cloud used in
some  configurations of the present invention.
Figures 4, 8, and 12, are CAD drawings of a complex
aircraft part at different  orientations. Figures 5,
9, and 13 are point cloud images extracted from 3-D
images of a sample of  the part in the CAD drawing.
This sample has no flaw in it. Figures 6, 10, and 14
are point cloud images extracted from 3-D images of
another  sample of that part. This sample contains a
flaw. Figures 7, 11, and 15 are point clouds of the
flaw in the sample part. Figure 16 illustrates a
method for creating a point cloud in two dimensions.
DETAILED DESCRIPTION OF THE INVENTION In some
configurations of the present invention, a point
cloud is extracted from a  computed tomography 3D
model showing all boundaries inside and outside a
part,  including boundaries of features that are not
there by design. With a CAD model of  



the part there is the opportunity to use this model
for subtracting that point data from  the CAD model
of the part in question leaving any anomaly in
isolation. Manual  selection of thresholds and
tolerances can be performed for point cloud creation.
Thus, technical effects of various configurations of
the present invention include the  creation of an
image of an anomaly inside a finished part. Another
technical effect of  some configurations of the
present invention is the recognition and
determination of  such anomalies. More particularly,
a complete point set of data from an x-ray  computed
tomography system (for example) is obtained. The
point cloud is registered  to a CAD model. The point
cloud is reduced by removing points within a
specified  distance to any CAD surface. The remaining
points are anomalies. In the case of  aircraft parts
(at least), the anomalies may be, for example,
machining chips (foreign  material) in an internal
cavity. Thus, in some configurations and referring to
Figure 1, an apparatus 10 is provided  for
non-destructive examination of parts. The apparatus
includes a computer 12  having a display 14 (which
may be any electronic display or a printer) and
memory  16. Computer 12 also may include one or more
input devices 18, such as a keyboard,  mouse, touch
screen, light pen, etc., and one or more media
devices 20 that can supply  or read instructions,
data, and/or data representing images, such as a hard
disk, CD- ROM, floppy disk drive, CD-RW, DVD-ROM,
DVD-RW, DVD+RW, flash memory,  etc. In some
configurations, computer 12 is connected to a network
(not shown in  Figure 1) from which it may receive
and/or transmit instructions, data, or data
representing images. Referring to Figures 1 and 2,
computer 12 is configured, such as  via instructions
recorded on medium or media 22, to extract 102 a
point cloud from a  3-D image of a sample of a part,
register 103 the point cloud to a CAD coordinate
system, determine 104 points in the point cloud of
the image that are more than a  



selected distance from surfaces on a CAD 3-D model of
the part using the same CAD  coordinate system, and
utilize the determined points to determine the
presence of  anomalies or present 106 an image of
anomalies in the sample of the part. Also in  some
configurations, apparatus 10 is further configured to
accept 108 data  representing variable thresholds
(for example, via a keyboard 18) for extracting the
point clouds and tolerances for selecting the
selected distance. Also, in some  configurations and
referring to Figure 3, to extract a point cloud,
apparatus 10 is  further configured to superimposing
110 a perpendicular grid on an image, and  determine
112 points of the point cloud using intersections of
grid lines with contrast  boundaries of an image. In
some configurations and referring to Figures 1, 2,
and 3, a machine-readable  medium or media 22 is
provided having recorded thereon instructions
configured to  instruct a computer 12 to register 103
the point cloud to a CAD coordinate system,
determine 104 points in the point cloud of the image
that are more than a selected  distance from surfaces
on a CAD 3-D model of the part using the same CAD
coordinate system, and utilize the determined points
to determine the presence of  anomalies or present
106 an image of anomalies in the sample of the part.
In some  configurations, the instructions are further
configured to instruct computer 12 to  4 accept 108
data representing variable thresholds for extracting
the point clouds and  tolerances for selecting the
selected distance. Also, to extract a point cloud,
the  instructions in some configurations include
instructions configured to instruct  computer 12 to
superimpose 110 a perpendicular grid on an image, and
determine 112  points of the point cloud using
intersections of grid lines with contrast boundaries
of  an image. 



Some configurations of the present invention provide
a computer-implemented  method for non-destructive
examination of parts. Referring to Figures 2 and 3,
the  method includes producing 114 a 3-D image of a
sample of a part, extracting 102 a  point cloud of
the image of the sample of the part, register 103 the
point cloud to a  CAD coordinate system, determine
104 points in the point cloud of the image that are
more than a selected distance from surfaces on a CAD
3-D model of the part using the  same CAD coordinate
system, and utilizing the determined points to
determine the  presence of anomalies or present 106
an image of anomalies in the sample of the part.  In
some configurations, producing a 3-D image of a
sample of the part comprises  producing a computed
tomographic (CT) image of the sample of the part. The
CT  image is, for example, a helically scanned
volumetric image. Furthermore, some configurations
include setting 108 variable thresholds for
extracting the point clouds and tolerances for
selecting the selected distance. Also, to  extract a
point cloud in some configurations, the method
includes superimposing 110  a perpendicular grid on
an image, and determining 112 points using
intersections of  grid lines with contrast boundaries
of an image. Figures 4, 8, and 12, are CAD drawings
of a complex aircraft part at different
orientations. Figures 5, 9, and 13 are point cloud
images extracted from 3-D images  of a sample of the
part in the CAD drawing. This sample has no flaw in
it. However,  Figures 6, 10, and 14 are point cloud
images extracted from 3-D iamges of another  sample
of that part. This sample contains a flaw. When
points less than a  predetermined distance from any
surface in the CAD drawing are removed, the remaining
points, shown in Figures 7, 11, and 15, illustrate
the flaw in the sample  part. Figure 16 illustrates a
method for creating a point cloud in two dimensions.
The  



method can be extended in a third, perpendicular
dimension to accommodate 3-D  images, but is
illustrated in 2-D for simplicity. A perpendicular
grid 160 representing  x and y directions (in 3-D, a
z-direction is also used) is superimposed on an image
162 of a part, which in this example, is shown as an
irregularly shaped image. The  point cloud is
determined as a set of points 164 that correspond to
intersections of  boundaries of contrasting regions
166, 168 with grid 160. Configurations of the present
invention can be used to find anomalies in finished
aircraft parts, including, but not limited to turbine
blades. Although methods and  apparatus disclosed
herein are particularly suitable for aircraft parts,
their uses are not  limited to aircraft part and
various configurations of the present invention can
be used  with other types of manufactured parts. It
will be appreciated that configurations of  the
present invention can be used to produce high quality
complex machined  components and assemblies (i.e.,
parts). While the invention has been described in
terms of various specific embodiments,  those skilled
in the art will recognize that the invention can be
practiced with  modification within the spirit and
scope of the claims. 6 CLAIMS  1. A method for
non-destructive examination of parts, said method
comprising: generating a 3-D image of a sample of a
part using a computed  tomographic imaging system;
extracting a point cloud of the image of the sample
of the part from the  3-D image; registering the
point cloud to a CAD coordinate system; determining
points in the point cloud of the image that are more
than a  



selected distance from surfaces on a CAD 3-D model of
the part utilizing the  same CAD coordinate system;
utilizing the determined points that are greater than
the selected  distance to determine the presence of
anomalies; and outputting an image of anomalies
inside or outside the sample of the  part to at least
one of a display and a printer. 2. A method in
accordance with claim I wherein said generating a 3-D
image of  a sample of the part comprises generating a
computed tomographic (CT)  image of the sample of the
part. 3. A method in accordance with claim 2 wherein
said CT image is a helically  scanned image. 4. A
method in accordance with claim 3 wherein said CT
image is a volumetric  helically scanned image. 5. A
method in accordance with claim 1 further comprising
setting variable  thresholds for extracting said
point clouds and tolerances for selecting  distance.
6. A method in accordance with claim I wherein to
extract a point cloud, said  method includes
superimposing a perpendicular grid on an image, and
7 determining points using intersections of grid
lines with contrast boundaries of  an image. 7. A
method in accordance with claim 1 wherein said part
is a finished aircraft  part. 8. A method in
accordance with claim 7 wherein said part is a
turbine blade. 9. An apparatus for non-destructive
examination of parts, said apparatus  



comprising: a computer having a display and memory,
and a computer-readable  medium having recorded
thereon instructions configured to instruct the
computer to: extract a point cloud from a 3-D image
of a sample of a part;  register the point cloud to a
CAD coordinate system; determine points in the point
cloud of the image that are greater than a  selected
distance from surfaces on a CAD 3-D model of the part
utilizing the  same CAD coordinate system; utilize
the determined points that are greater than the
selected distance  to determine the presence of
anomalies; and output an image of anomalies in the
sample of the part. 10. An apparatus in accordance
with claim 9 further configured to accept data
representing variable thresholds for extracting said
point clouds and tolerances  for selecting said
selected distance. 11. An apparatus in accordance
with claim 9 wherein to extract a point cloud, said
apparatus further configured to superimpose a
perpendicular grid on an image,  and determine points
of the point cloud using intersections of grid lines
with  contrast boundaries of an image. 12. A
machine-readable medium or media having recorded
thereon instructions  configured to instruct a
computer to: 8 extract a point cloud from a 3-D image
of a sample of a part;  register the point cloud to a
CAD coordinate system; determine points in the point
cloud of the image that are greater than a  



selected distance from surfaces on a CAD 3-D model of
the part utilizing the  same CAD coordinate system;
utilize the determined points that are greater than
the selected distance  to determine the presence of
anomalies; and output an image of anomalies in the
sample of the part to at least one  of a display and
a printer. 13. A computer-readable medium in
accordance with claim 12 wherein said  instructions
are further configured to instruct the computer to
accept data  representing variable thresholds for
extracting said point clouds and tolerances  for
selecting said selected distance. 14. A
computer-readable medium in accordance with claim 12
wherein to extract  a point cloud, said instructions
include instructions configured to instruct the
computer to superimpose a perpendicular grid on an
image, and determine  points of the point cloud using
intersections of grid lines with contrast  boundaries
of an image. 15. A method in accordance with claim 1
wherein the determined points that are  greater than
the selected distance illustrate the anomalies inside
or outside the  sample of the part. 16. An apparatus
in accordance with claim 9 wherein the determined
points that  are greater than the selected distance
illustrate the anomalies in the sample of  the part.
17. A computer-readable medium in accordance with
claim 12 wherein the  determined points that are
greater than the selected distance illustrate the
anomalies in the sample of the part. 9 


