
THERMAL IMAGING METHOD AND APPARATUS BACKGROUND OF THE INVENTION [0001] The
invention relates to thermal imaging. More  particularly, the invention
relates to flash thermal imaging. [0002] Flash thermal imaging inspection
methods and apparatus  are shown in US Patents 6542849 and 6712502 (the '849
and '502  patents respectively, the disclosures of which are incorporated by
reference herein as if set forth at length). A  basic thermal imaging system
includes a light source (e.g.,  one or more flash lamps) and a detector
(e.g., an infrared  imaging camera). The source and detector are coupled to
a  control system to control inspection of a workpiece. After a  flash from
the source illuminates a surface of the workpiece,  the detector is used to
obtain a time series of readings or  images of light radiated from the
surfaces. The decay  properties of such radiated light may be used to
evaluate the  workpiece. Such techniques may be used to evaluate material
thickness, the presence of defects in the material, and the  like. SUMMARY
OF THE INVENTION [0003] One aspect of the invention involves an inspection
apparatus includes a light source positioned to direct light  to a first
surface of a workpiece. An infrared detector is  positioned to receive
radiation from the first surface. A data  acquisition and processing
computer is coupled to the light  source and the infrared detector. The
computer triggers the  light source to emit the light a number of instances.
The  



computer acquires thermal data from the infrared detector for  a number of
times after each of the instances. The computer is  configured to process
the data using a theoretical solution to  analyze the thermal data based
upon an average of the thermal 1 data for a number of each of corresponding
ones of the times  from different ones of the instances [0004] The details
of one or more embodiments of the invention  are set forth in the
accompanying drawings and the description  below. Other features, objects,
and advantages of the invention will be apparent from the description and
drawings,  and from the claims. BRIEF DESCRIPTION OF THE DRAWINGS [0005]
FIG. 1 is a schematic view of a thermal imaging system. [0006] FIG. 2 is a
plot of raw detector data and a theoretical  fit for a prior art system and
method. [0007] FIG. 3 is a plot of average data and a theoretical fit  for a
system and method according to the present invention. [0008] FIG. 4 is a
plot of average data and a theoretical fit  for a system and method
according to the present invention. [0009] Like reference numbers and
designations in the various  drawings indicate like elements. 2 DETAILED
DESCRIPTION [0010] FIG. 1 shows thermal imaging system 20. The illustrated
system 20 may be similar to that of the '849 patent except as  is described
below. Yet other systems may be used. The system  



20 may be used to inspect a workpiece 22, The workpiece 22 has  at least one
exposed (outer) surface 24. The exemplary surface  24 is an exterior surface
of a surface layer 26. The surface  layer 26 has an interior surface 28 atop
the exterior surface  30 of a substrate 32. An exemplary such layer and
substrate  combination involves a metallic alloy substrate 32 and a
protective coating layer 26. [0011] The system 20 may be used to detect the
presence of a  defect 34 in the layer 26. The exemplary defect 34 may be a
void at a depth D below the surface 24 and having a characteristic
transverse dimension L. The system may further  be used to determine the
position (e.g., D), size (e.g., L  and/or a defect thickness), or other
properties of the defect  34. Alternatively, the system may be used to
determine a  thickness T of the layer 26. [0012] The system 20 includes
first and second flash lamps 50  and 52. In the exemplary system, the lamps
50 and 52 are  commonly powered by a power supply 54 for simultaneous
operation. Alternatively, the lamps could be powered by  separate power
supplies, synchronized by a control system  (e.g., a computer). The supply
54 is, in turn, connected to  the control system which may include the
combination of a data  acquisition and processing unit 56 and a function
generator  58. The unit 56 and generator 58 are also coupled to an  infrared
imaging camera 60. 3 [00131 The lamps 50 and 52 are positioned to direct
flashes of  



light 70 and 72 to the surface 24. The light locally heats the  workpiece
22. A region 74 between the defect 34 and surface 24  may be heated
differently and may cool differently than regions beyond the defect. The
defect may hinder heat flux 76  from the region 74 deeper into the
workpiece. Thus, the region  74 may become hotter than a similar surface
region beyond the  defect. Other properties may also be affected. Depending
upon  the property of the material of the layer 26 and the nature of  the
defect, the defect might be more conductive thereby reversing the effects.
[0014] After the flashes of light 70 and 72, the workpiece  radiates energy
from its surface 24. The lens of the camera 60  is positioned to receive
returned radiated light 78 from the  surface 24 (e.g., infrared light). The
output of the camera 60  may be representative of temperature. FIG. 2 shows
digital  counts outputted by the camera 60 inspecting the layer 26 at  the
defect. This output is proportional to temperature. The  horizontal axis
shows the time in seconds after the flash of  the lamps. The vertical axis
shows temperature sensor output  (raw and not converted to any particular
temperature scale).  FIG. 2 further shows a theoretical fit to this raw
data. The  fit was calculated based upon a theoretical temperature-time
function: 00 n2d2 T(t) Y e a-t  -a -.t n=-oo 



where T is temperature, t is time, a is the thermal  diffusivity of the
layer 26, and d is a local effective  surface thickness of the material in
the layer (T away from 4 the defect and D along the defect). Because T is
larger than  D, it will take longer time for the heat reach the interior
surface 28 and reflect back to the exposed surface 24. For  theoretical
fitting, it may be advantageous to use a longer  time use to obtain a fit
away from the defect than along the  defect. Different theoretical fittings
are appropriate for  different situations (e.g., different layer thicknesses
and  combinations, for determining particular layer thicknesses,  and/or
determining particular defects even in a given nominal  combination, and the
like). [0015] Rather than fit to raw data, FIG. 3 shows data averaged  for
two flashes. FIG. 4 shows a similar average for four  flashes. In each of
these two situations, the theoretical fit  more closely matches. The use of
multiple flashes may be  particularly significant for evaluating thicknesses
of and  defects in thin layers and walls. For example, in evaluating a  thin
wall or finding a shallow defect, a very short duration  pulse may be
appropriate. A baseline level of noise (e.g., due  to random and
environmental factors) may be sufficiently large  relative to the detected
radiation so as to render inaccurate  single flash data. Thus, depending
upon the particular  situation, the control system may be programmed or
adjusted to  provide a combination of flash brevity and a larger number of  



flashes to improve accuracy. (0016] This use of averaged data may be
implemented in the  remanufacturing or reengineering of an existing thermal
imaging system. For example, at one level this may be  implemented by a
software change. [0017] One or more embodiments of the present invention
have  been described. Nevertheless, it will be understood that 5 various
modifications may be made without departing from the  spirit and scope of
the invention. For example, when  implemented in a reengineering or
remanufacturing situation,  details of the existing system will influence or
dictate  details of the implementation. Furthermore, the principles may  be
combined with other techniques whether known or  yet-developed. Accordingly,
other embodiments are within the  scope of the following claims. 6 CLAIMS
What is claimed is: 1. An inspection apparatus comprising: a light source
positioned to direct light to a first  surface of a workpiece; an infrared
detector positioned to receive radiation from  the first surface; and a data
acquisition and processing computer: coupled to said light source for
triggering said  light source to emit said light a plurality of instances;  



coupled to said infrared detector for acquiring thermal data for a plurality
of times after each of the  instances; and configured for processing said
thermal data using a  theoretical solution to analyze said thermal data
based  upon an average of said thermal data for a plurality of  each of
corresponding ones of said times from different  ones of said instances. 2.
The apparatus of claim I wherein:  said average comprises a mean. 3. The
apparatus of claim 1 wherein: said average is taken across 2-20 of said
instances. 4. The apparatus of claim I wherein: said average is taken across
3-10 of said instances. The apparatus of claim 1 wherein: the light source
consists essentially of a pair of flash  lamps positioned at a first side of
the sample; and 7 the infrared detector comprises an infrared camera
positioned near said first side. 6. The apparatus of claim 1 wherein:  the
data comprises image data. 7. The apparatus of claim 1 in combination with
said  workpiece, said workpiece being a gas turbine engine hollow  cast
component. 8. The apparatus of claim 1 in combination with said  workpiece,
said workpiece being a coated gas turbine engine  



component. 9. A method comprising: causing a light source to emit pulses of
light a  plurality of instances, said light impinging a first surface  of a
workpiece; acquiring thermal data for the workpiece first surface  for a
plurality of times after each of the instances; and  processing said thermal
data using a theoretical solution to analyze said thermal data based upon an
average of said  thermal data for a plurality of each of corresponding ones
of  said times from different ones of said instances. 10. The method of
claim 9 wherein: said average is taken across 3-10 of said instances. 11.
The method of claim 9 wherein: said average is taken across 2-5 of said
instances. 12. The method of claim 9 used to measure a wall thickness of  a
gas turbine engine hollow cast component. 8 13. The method of claim 9 used
to measure a coating thickness  of a gas turbine engine component. 14. The
method of claim 9 used to detect a defect in a coating of a gas turbine
engine component. 15. An apparatus comprising: first means for directing
light to a first surface of a  workpiece; second means for receiving
radiation from the first  surface; and 



third means for: triggering said light source to emit said light a
plurality of instances; for acquiring thermal data for a plurality of times
after each of the instances; and for processing said thermal data using a
theoretical  solution to analyze said thermal data based upon an  average of
said thermal data for a plurality of each of  corresponding ones of said
times from different ones of  said instances. 16. The apparatus of claim 15
wherein: the third means is configured to take said average across  3-10 of
said instances. 17. The apparatus of claim 15 wherein: the third means is
configured to take said average as a mean. 18. A method for remanufacturing
a thermal imaging system  from a baseline configuration having: a light
source positioned to direct light to a first  surface of a workpiece; 9 an
infrared detector positioned to receive radiation from  the first surface;
and a data acquisition and processing computer: coupled to said light source
for triggering said  light source to emit a flash of said light; coupled to
said infrared detector for acquiring  



thermal data for a plurality of times after said flash; and configured for
processing said thermal data using a  theoretical solution to analyze said
thermal data based  upon said thermal data for a said flash, the method
comprising: modifying the data acquisition and processing computer to  or
providing a replacement data acquisition and processing  computer to:
trigger said light source to emit a plurality of  flashes of said light;
acquire thermal data for a plurality of times after  each of the flashes;
and configured for processing said thermal data using a  theoretical
solution to analyze said thermal data based  upon an average of said thermal
data for a plurality of  each of corresponding ones of said times from
different  ones of said flashes. 19. The method of claim 18 wherein: the
third means is configured to take said average as a  mean across 3-10 of
said instances. 10 


