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(57) ABSTRACT 

The invention is a synchronized electronic shutter system 
(SESS) and method for same side and through transmission 
thermal analysis and inspection of a material for iinding 
defects, corrosion, disbond defects, integrity of a weld and 
determination of paint thickness. The system comprises an 
infrared detector that acquires background images of the 
sample. Ashutter then covers the detector and lamps rapidly 
heat the sample above ambient temperature.. Shutters cover 
all lamps at the same time the shutter over the infrared 
detector is opened. The infrared detector acquires a series of 
temperature images over time radiated from the sample a s  
the sample cools down. After collecting a series of tempera- 
ture images taken by the SESS, a processed image is 
developed using one of the group comprising time derivative 
calculation, temperature normalization data reduction 
routine, thermal diffusivity curve fitting and averaging the 
series of temperature images. 
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SYNCHRONIZED ELECTRONIC SHuTfER 
SYSTEM AND :METHOD FOR THERMAL 

NONDESTRUCTIVE EVALUATION 

infrared camera all contain shutters. The opening and clos- 
ing of each shutter is electronically controlled so that the 
data read when the shutter for the infrared detector is opened 
is both accurate and precise, whether it be for single-sided 

5 thermal inspection or for through-transmission inspection. 
Upon receiving a signal from a source like a computer to ORIGIN OF THE INVENTION 

~ 

by single-sided inspection or by through-transmission 
inspection. Single-sided inspection mears that the flash 
lamps that heat the sample under test are on the same side 
of the sample as the infrared detector that thermally inspects 
the temperature of various points on the sample versus time 
as the sample cools down after being heated. Through- 
transmission inspection requires that the infrared detector be 
on a side of the sample under test opposite to the flash heat 
lamps used to heat the sample. Through-transmission mea- 
surements can utilize either one or more flash heat lamps for 
thermal inspection, depending on the siu: of the sample. 

Measurements gleaned from thermal inspection generally 
include locating defects, including disbond defects in a 
sample under test, integrity of a weld on an aircraft, the 
detection of corrosion and the detection ofpaint rhichesses. 
The detection of corrosion is found by determining the 
volumetric heat capacity on all points of a sample under test 
(specimen) gleaned from data received by an infrared detec- 
tor that is processed based on a theoretical modeL The 
location of defects is determined by examining a thermal 
difkivity image obtained by processing the specimen's 
thermal responses. The thermal diffusivity is defined as the 
ratio between the thermal conductivity of the sample under 
test divided by the volumetric heat capacity of the sample 
under test. Generally, these measurements are made by first 
rapidly heating the sample under test by one or more flash 
lamus. then measuring the rate of cool down over time on 

conduct a the&al &spection of an object under test, the 
shutter to the infrared detector is opened while the shuaer(s) 
to the flash heat lamp@) isiare closed, enabling the infrared 

for governmental pu- 10 detector to aquire background images for the object under 
test. Following this activity, the shutter to the detector is 
closed at the same time the shutter(s) to the flash heat 
lamp@) is/are opened. While the shutter(s) to the flash heat 
lamp(s) idare open and the shutter to the infrared detector is 

thermal non-destructive inspection of the surface of a 15 closed, the flash heat lamp(s) are k e d  or actuated (flash 
material. duration is typically 0.008 seconds) to heat the object under 

test. Because the shutter to the infrared detector is closed, 
photons reflected off the object under test do not influence 
the infrared detector. Also, because the shutter(s) of the flash 

based on the appbca- 20 heat 1mp(S) %/are open, the!these shutter(s) idare not 
heated. After actuation of the flash heat lamp(s), the shutter 
('1 On the flash kat lamdS) to cover the flash 
heat lamp(s) at the same time the shutter to the infrared 
detector is opened to start thermal data acquisition over a 

Tne invention described herein was made by employees 
of the United States Government and may be manufactured 
and used by Or for the 
poses without the payment of any royalties thereon or 
therefor. 

1. Field of the Invention 
' E s  invention pertaim to a method and apparatus of 

2. Background of the Invention 
nermd, n o n - d e s ~ c ~ v c  inspection systems are an 

inspection tool for both manufacture and in-=nice appfi- 
cations. These inspection system 
tion of heat onto the of the structure to be iospected. 
Typical heat sources used are flash lamps. The short duration 
intense kght is by the surface to be inspected and 
a temperature above ambient temperature is 
A device such as in an infrared detector 
sm& merenus in he s-ce remperarure as he 

to measure 25 period Of time W h i k  the object under test Cook down. 
E,,, & &WC<S) t~ the % ~ k i  hcii hiip(s) UUV, CUVCI 

-is down. ne temperature time history is reoorded and 
stored for analy& - theoretical ~ O d e l  based 
thermal inspections are possible when extranemus factors are 

the flash heat lamps, residual transient effects originating 
from a recently fired flash heat lamp(s) do not reach the 
infrared detector and thus do not effect the data being 

. . . so the theoretical best fit the data. 30 acquired. Also. because the shutter(s) for the flash heat 
lamp(s), which may be made from a material having high 

insoection Of a material be achieved thermal conductivity, wadwere not covering the flash heat . 
lamp@) during aciation, the shutter(s) over the flash heat 
lamp(s) are cool, thus eliminating the erroneous effects of 

35 infrared radiation emanating &om a material that covers the 
flash heat lamp(s) and being reflected off the object under 
test and back into the infrared detector. The method of this 
invention uses an SESS that operates the detector shutter and 
the flash heat lamp shutter(s) so as to complement each other 

BRIEF DESCRIPTION OF THE DRAWINGS 

Xmore aiaplete appreciation uf the invention, and many 
of the attendant advantages thereof, will be readily apparent 

45 as the same becomes better understood by reference to the 
following detailed description when considered in conjunc- 
tion with the accompanying drawings in which like refer- 
ence symbols indicate the Same or similar components, 
wherein: 

FIG. 1 shows a single-side thermal inspection system 
setup using two flash heat lamps to heat a sample under test; 
FIG. 2 illustrates a temperature image taken by the system 

of FIG. 1 illustrating saturation of detectors; 
FIG. 3Aillustrates a temperature image of a sample taken 

by the system of FIG. 1 when the temperature image is taken 
after the firing of the flash heat lamps; 

FIG. 3B illustrates the processed image of a series of 
temperature images like the image of FIG. 3A; 

40 during times of opening and closing. 

j0 

55 

different points of th; sample under test by an infrared 
detector. 

FIG. 4Aillustrates the temperature image taken by the 
system of FIG. 1 where a !ilter covers each flash heat lamp; 

FIG. 4B illustrates the processed image of a series of 
temperature images like the image of FIG. 4 4  SUMMARY OF THE INVENTION 

The invention is a thermal, nondestructive evaluation FIG. 5 illustrates one embodiment for a synchronized 
system and method comprising a synchronized electronic 65 electronic shutter system (SESS) for single sided thermal 
shutter system (SESS) where each flash heat lamp and a inspection using two flash heat lamps according to the 
detector for measuring infrared thermal energy such as an present invention; 
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FIG. 6A is a temperature image of a sample using the l2a  and U b  opposite to each other, a iirst flash heat lamp 
13a and a second flash beat lamp 13b, each having reflectors SESS embodiment of FIG. 5: 

FIG. 6B is a processed image generated by a series of 
temperature images like the image of FIG. 6A using the 
SESS embodiment of FIG. 5; 

FIG. 7 illustrates a processed thermal image for a test 
sample exhibiting both 7.5% and 12.5% aluminum corro- 
sion samples using the system of FIG. 1; 

that point towards surface l2a of sample ll. Two gash lamps 
are generally used in same side thermal inspection systems 

5 to provide more even heating across the surface l 2 a  of 
sample ll and to provide a larger temperature rise of sample 
11 than if just one flash lamp were used. First flash heat lamp 
13a has a reflector 13n that is pointed at surface 12a of 
samule ll. Similarlv. second flash heat lamu 13b has a ,, 

FIG. 8 illustrates a processed thermal image for the same 1o reflector 13y that is also pointed at surface 12u of sample ll. 
An infrared detector 15 having a lens 16 is pointed towards 

FIG. 9A illustrates a processed thermal image for a 2.5% surface ll to acquire thermal data as a 
function of elapsed time as sample 11 cools down after being 

FIG. 9B illustrates a thermal image for the heated by firing flash lamps 13a and 13b. Image processor 

infrared detector 15 to form a processed image used in 
thermal inspections. Computer 18 having a central process- 

temperature data by infrared detector 15 Over time 
and then forms a processed image therefrom. 

problematic for several reasons. In particular, the effect of 
FIG. 1OC is a processed image of the sample of FIG. 1OA the flash lamps on the infrared detector is a cause of major 

concern. For example, the system of FIG. 1 has a tendency 
FIG. 11 illustrates a through-trammission thermal inspec- 25 to expose the detectors of the detector to a high intensity 

flash caused by the reflection of infrared photons off the 
sample under test. T ~ I S  reflection causes distorted tempera- 
ture measurements of the sample under test. This distortion 

thermal inspection using two flash heat lamps in accordaoce 3o having a reflected flash 21 that results in saturated pixels 22. 
with the present invention; The saturated pixels 22 are caused by the surface emissivity 

of the sample ll not being a perfect absorber of all the FIG. 13Ais the temperature image acquired by the system incident infrared photons. The Iight intensity must be high in of FIG. 11 usmg only one flash lamp with a filter perma- order to heat the structure sufficiently. Because of the high nently covering the flash heat lamp; amount of infrared photons, some are reflected back into the 
35 infrared camera’s detectors and saturate the temperature 

ture images of FIG. 13A wherein only one flash heat lamp image. 
For cooled quantum detectors (infrared energy is detected without a filter is used; 

FIG. 13c is a Processed image using the System of FIG. by counting the number of photons absorbed), this saturation 
11 wherein the filter COven a Single flash heat lamp, the 4~ appears not to be as much of a problem because the saturated 
processed image being obtained from a series of temperatwe state of the detectors is temporary for one image cycle. Some 
images like the image of FIG. 13A, newer infrared imagers use detectors that are based on 

FIG. 13D is a thermal diffusivity processed image thermal detector technology where the infrared energy is 
acquired by utilizing the SESS embodiment of FIG. 12; detected by the photons causing a temperature change on the 

FIG. 13E illustrates how thermal &ivity in m2jsec 45 detector element. Saturation of these detectors could result 
varies with gray scale in residual thermal effects on the detectors thus potentially 
0.000 and 0.005 cmz/sec; effecting the measurement over a number of image data 

cycles. This saturation would introduce unknown and uncor- 
FIGS, 5 and k accordance with the present invention; rectable when the data to a By 

50 shielding the detector during the flash, the camera is not 
to the high intensity photons but rather only the 

The raw data taken by the infrared detector is processed 
to produce a temperature image. The temperature image is 

of elcposure of the infrared detector 15 
to sample 11. Image processor 17 can take a series of 
temperature images over time from infrared detector 15 and 
produce a processed image. 

The method used to form a processed image from a series 
60 of temperature images often deuends on the circumstances. 

sample of FIG. 7 using the SESS embodiment of FIG. 5; 

aluminum corrosion sample -ing the system of FIG, 1; 
Of 

same ample of FIG, 9A using the SESS embodiment of 1j l7 serves to process raw temperature data acquired by 
FIG. 5; 

adhered to an aluminum metal stiffener to be used in disbond 
thermal inspection experiments; 

using the system of FIG. 1; 

using the SESS embodiment of FIG. 5; 

tion system using two flash heat lamps to heat a sample 
under test; 

FIG. 1OA is an unpainted aluminum sample partially ing unit 19 work  with image processor 17 to store raw 

FIG. 10B is a Processed image Of the sample of FIG. 1oA 2o The single-sided thermal inspection system of FIG, 1 is 

FIG. 12 illustrates an embodiment for a 
electronic shutter system (SES) for tbough-trammission in FIG. which is a temperature image 2o 

13B is a Processed image using a series Of 

of a image between 

FIG. 14 is a timing diagram of the SESS embodiments of 

FIG. 15 is a schematic diagram of the electronic compo- 
nents of an SESS embodiment to enable the shutters to open 
and close and to !ire the flash lamps according to the timing 
diagrams of FIG. 14; 

a single-sided setup; 

using through-transmission; and 

FIGS. 16 and 17. 

temperature of the sample under test, 

FIG. 16 illustrates another embodiment for the SESS with 5s about 0.03 

FIG. 17 illustrates another embodiment for the SESS 

FIG. 18 is a timing diagram of the SESS embodiments of 

DETAILED DESCRIPTION OF THE 
INVENTION 

To measure and image thermafditFusivity, a series of tem- 
perature images are sent through a curve fitting routine like 
the one in equation 1 in the discussion of FIG. WD below. 

Referring now to the drawings, FIG. 1 illustrates a ther- Because. volumetric heat capacity and thermal conductivity 
mal inspection system 10 for single-side inspection, in 65 are related to thermal difEusivity, these other two quantities 
accordance with the related art. The thermal inspection may be imaged by imaging the thermal difFusivity. Thermal 
system in FIG. 1 has a thin sample 11 having hvo surfaces d&sivity is used most often to look for defects in a 
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material. In corrosion detection and disbond defect 
(delamination), temperature iiormakation data reduction 
routines may be used to process a series of temperature 
images into a final, processed image. Another form of 
processing a series of temperature images is through time 
derivative calculations. This technique is also used to detect 
the location of a defect on a sample under test. Finally, the 
technique of averaging can also be used to p r o c w  an image 
from a time-sequenced series of temperature images to find 
a defect. 

Another concern of a single-sided thermal inspection 
system besides flash heating is the residual effect of the flash 
lamps. The high luminance flash is produced with a flash 
tube that discharges a high voltage capacitor in a short 
period of time. This type of flash system usually has a fan 
cooler within it to minimize the temperature rise. As a result 
of the residual cooling, the flash head introduces a transient 
thermal response (infrared radiation) that is reflected off the 
sample under test and back into the detector. Although this 
afterglow is not visible to the naked eye, the lamps, being 
recently fired, are hot and emit infrared radiation that is 
reflected off the sample under test. This reflected radiation 
superimposes with infrared radiation emanating from the 
samplz under test back into the infrared detector and gives 
erroneous results. This afterglow phenomenon is illustrated 
in FIGS. 3A and 3B. The sample for this thermal inspection 
IS a composite aluminum cylinder comprising graphite 
epoxy with wound filaments as the outer shell. As illustrated 
in FIGS. 3Aand 3B, the transient., residual infrared radiation 
is superimposed on the thermal inspection data acquired 
from the sample under test. The resultant temperature image 
(i.e., having a duration of 0.03 seconds) at a point in time 
sometime shortly d e r  the firing of the flash lamps is 
illustrated in the temperature image 30 of FIG. 3A having 
residual lamp refledions 32. 

FIG. 3B is a processed image taken from a series of about 
200 temperature images like the image 30 of FIG. 3A taken 
after the firing of the flash lamps, 13a, 13b and then 
processed by way of time derivative calculations into the 
processed image 35 of FIG. 3B. The processed image 35 
also illustrates the effects of infrared radiation emanating 
from the flash lamps after being fired and reflected off the 
sample and back into the detector to result in lamp reflec- 
hons 37 in the processed image of FIG. 3B. The unwanted 
radiation reflected off the sample under test can usually be 
Seen as a slowly fading pattern of the flash head reflected on 
the sample into the detector. Even for high emissivity 
surfaces where the surface is painted, the effect of residual, 
transient radiation emanating from a recently fired flash 
lamp reflected off the d a c e  of the sample under test and 
back into the infrared detector can still produce unacceptable 
results. The transient nature of the flash head cool down is 
not known and the degree of error captured by the infrared 
detector would be dependent on the surface emissivity of the 
sample as well as on characteristics of the flash heat lamps 
themselves. To capture the image of a defect on the surface 
of a sample under test, a time derivative calculation is 
applied to the set of temperature images to resuIt in a 
processed image 35 as illustrated in FIG. 3B. Processed 
image 35 illustrates both the defect 39 and the residual effect 
from the flash lamp 37. 

Filters made of a transparent, thermoplastic polymer such 
as Plexiglasn are sometimes used to shield the heat radi- 
ating from flash lamps. The transmission characteristics of 
the filter allows for transmission of optical wavelengths used 
for heating and suppresses the infrared wavelengths emitted 
when the &ish heat lamps cool down after recently being 

1 
I 
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‘ 
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6 
fired. Using the system of FIG. 1, a filter using a 0.065” thick 
piece of Plexiglasm to cover each flash heat lamp produces 
the temperature image 40 of FIG. 4A. Note again the 
presence of residual lamp reflections 42 generated by the 
filters that are heated by the firing of the flash lamps. The 
filters reduce the amount of erroneous radiation that reaches 
the infrared detector, but do not entirely eliminate it. 

FIG. 4B is a processed image 15 using filters to cover the 
flash lamps of FIG. 1, wherein the sample is a composite 
aluminum cylinder including graphite epoxy with wound 
space filaments as the outer shell. The processed image 45 
comprises a redudion of a series of approximately 200 
temperature images, each image taken after the firing of the 
flash heat lamps and each temperature image having a 0.03 
second duration. A time derivative calculation is applied to 
the series of images to produce the processed image. FIG. 
4B still contains the lamp reflections 47 resulting fiom the 
heated filter as  they reflect off the sample and back into the 
d a r e d  detector after the firing of the flash heat lamps. The 
reason for erroneous data in FIGS. 4Aand 4B is the heating 
of the filter. The filter is in the line of Iire of the h h  lamp 
and therefore heats up. The heat radiating from the hot filter 
becomes a source of unwanted infrared radiation that reflects 
off the sample. and back into the detector. Therefore, when 
a filter is used in a single sided setup to cover the flash heat 
lamps, the infrared detectnr a c p l e s  a snperpcsit;c?n ef be& 
the thermal inspection data of the sample under test and the 
unwanted infrared radiation originating &om the heated 
lilter and reflected off the sample under test. Similarly, 
another drawback to using a filter is the amount of heat being 
delivered to the sample is less than if U t e s  were not used. 
As a result, use of fiIters results in a poorer signal-to-noise 
ratio. Nevertheless, as with FIG. 3B, the defect 49 can be 
seen kom processed image 45 as a dark spot 49. 

Referring now to FIG. 5, one embodiment of a synchro- 
nized elecaonic shutter system (SESS) 50 is shown for a 
single-sided inspection in accordance with the present 
invention. The system 50 is similar to the system 10, but 
system 50 comprises shutters 54a. 546 and 54c capable of 
covering first means for heating 534 a second means for 
heating 53b and lens 556 of infrared detector 55a, respec- 
tively. In addition, system 50 comprises shutter electronics 
56 that control the timing for the opening a d  the closing of 
each of the shutters SQ, 546 and 54c along with the timing 
of firing fust means for heating 53a and second means for 
heating 53b (ifused). The synchronization in this system 50 
accounts for the time the shutters need to mechanically open 
and close before the firing of the meam for heating. The 
system 50 has no delay, however, between sending a signal 
to fire a means for heating and the actual firing it. The shutter 
:lectroniO 56 will be described in more detail during the 
&cussion of FIG. 15. 

Reflector 53x of first means for heating 53a is pointed at 
surface 52u of sample 51 and is covered by shutter Sa. 
hdar ly ,  reflector 53y of means for heating 53b is pointed 
owards surface 52a of sample 51 and is covered by shutter 
54b. Infrared detector 55amay comprise an infrared camera 
)r other means of detecting ir&ared energy. The detector has 
t lens 55b that is also pointed at surface 52a of sample 51 
tnd can be covered by shutter 54c. The system 50 has an 
mage processor 57 electrically connected to computer 58 
laving a central processing unit 59 to convert temperature 
mags gleaned from infrared detector 55a into a processed 
mage that better illustrates corrosion, defects, disbond, 
lelamination and paint thickness in sample 51. 

The first and second means for heating 53a, 53b may 
:omprise a first flash heat lamp and a second flash heat lamp. 
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Alternatively, the means for heating may comprise a quartz indicates paint variation thickness on the processed image 
lamp or other heat source capable of heating the sample 80 and reference numeral 87 indicates paint thichess varia- 
under test 51 to a temperature above ambient temperature in tion on the Processed image 85. Reference mmeral 83 
quick fashion. F~~ purposes of this detailed description and indicates the 7.5% corrosion on the image 80 and reference 
the appended claims, the term yamp” will include any such j numeral 88 indicates the 7.5% corrosion on the image 85.  
heat source equivalent to a flash heat lamp, a quartz lamp, or Reference numeral 84 indicates the 12.5% corrosion Of 

other heat source. image 80 while reference numeral 89 indicates the 12.5% 
corrosion of image 85. By comparing FIG. 7 with FIG. 8, 

TIe shutters 54a, 54b7 and 54c may comprise One Of a processed image 80 clearly shows the superposition of flash 
variety of mechanical structures, including a roller blind lamp effects 81 processed image 85 =ing the SESS 
with a slot, a rotating disc with a slot, an iris diaphragm, a ‘0 with a pair of flash lamps does not, b, the 7,5%, 12,5%, 
circular eyelid device, a set of movable vanes, or any other and the tbchess variations are pronounced in 
device capable of obstructing the kansmittd of radiation processed image s5 than in image 80. 

the Same structure Or any Of the without SESS are even more pronounced for the detection of 
variety just listed. The shutters 5% 51b, and 54c may be 
made Of a reflective material and may also be made Of a thermal images for a test sample having 2.5 percent corro- 

sion is shown in FIGS. 9A and 9B. The field of view for material having with low-emissivity properties. 

The embodiment of FIG. 5, if operated accordkg to *e these two figures is 6.35 cm, which is smaller than the field 
method of the present invention, will provide thermal image for FIGS. 7 and 8, ne processed image 90 in FIG. 9A is 
data and Processed image data that (1) reduces erroneom 2o acquired using the system of FIG. 1 and the processed image 
superimposed radiation from reaching the lens of the infra- 95 in FIG. 9B is acquired using the system 50 with a pair of 
red detector, (2) provides a Processed image that ConverW flash heat lamps. The sample of FIGS. 7,8,9A, and 9B was 
with theoretical models, and (3)  provides a Processed image 0.102 centimeters thckwith a 1.27 centimeters diameter and 
that clearly identifies defects, corrosion, and other problem had circular material loss regions of 0.0025, 0.0076, and 
with the sample under test while significantly reducing 25 0.0127 centimeters in thickness for corrosion values of 2.5, 
 wanted and ~ T K X E O ~ ~  radiation into the lens of the 7.5, and 12.5 percent. The measurement parameters were 
infrared detector. 120 frames acquired at a camera frame rate of 60 Hertz. The 

The system 50 operates as follows. Before firing the processing of these 120 frames was a temperature normal- 
lamps, 534 and 53b, the shutter 54c over the detector 554 is 3o ization data reduction routine. FIG. 9Aclearly illustrates the 
opened to acquire the necessary background data frame for flash lamp superposition effects 91 but does not distinguish 
offset calibration. During flash heating, the shutter 54c over the 1.5% corrosion defect, rendering the corrosion undetect- 
the detector is closed to prevent the photons from the high able. On the other hand, the processed image 95 of FIG. 9B 
intensity lamp from entering the infrared inspection detector clearly illustrates the 2.5% corrosion defect as a dark spot 98 
and shutters 54a and 54b covering reflectors 53x, 53y to the on image 95. 
heat lamps 530, 53b7 reSFctivelY, are opened. The flash Another use for SESS thermal inspections is to locate a 
heating duration is short (about 0.008 seconds) and heats the &bond defect on an uncoated alu-um sample having an 
sample under test by approximately 10 degrees Celsius aluminum metal stiffener bonded to it. Disbond generally 
above the ambient temperature. Immediately after the lamps refers to delamination or any breaching of an adhesive used 
534 536 are fired, the detector shutter 54C is opened to to bond two surfaces together. A location of breaches in the 
measure the surface temperature while shutters 5 4 ~ ,  546, adhesive between two surfaces is called an area having a 
close over lamps 53a, 53b, respectively. This shuttering and &bond defect. 
data collecting process k synchronized to the start Of the Referring to FIGS. lOA-lOC, thermal inspections were 
acquisition of the next detector data frame. The shutters 5 4 4  performed on an uncoated aluminum sample with an alu- 
54b that are placed Over the reflectors of lamps 53b 4 j  minum metal stiffener bonded to the backside. FIG. 10A is 
block the inkared heat radiating from the respective lamp a photograph of the unpainted aluminum sample 100 used in 
after heating. The shutters 54a, 54b are synchronized elec- FIGS. 1 0 ~  and 1 0 ~ .  with FIGS, 1 0 ~  and ~ O C ,  FIG, 1 0 ~  
konicauy with the detector shutter 54c to when the is perforated by through holes 109. These through holes 1W 
detector shutter opens and vice versa. have no bearing on the detection of a disbond. FIG. 10B 

Using the setup shown in FIG. 5, some results of the jo illustrates a processed image 101 using the same sample of 
single-side measurements are shown in FIGS. 6A and 6B. FIG. 1OA and the system of FIG. 1. FIG. 1OC lllustrates a 
Referring to FIGS. 6 4  a single temperature image 60 using processed thermal image 105 using the system 50 with two 
the system 50 with a pair of flash heat lamps is shown for the flash heat lamps and the sample of FIG. 1OA. The bonding 
same test sample used for FIGS. 3A and 1A. Referring to is breached in one location and this breach is illustrated only 
FIG. 6B, a processed image 65 is obtained by applying the 55 in FIG. 1OC. 
same time derivative calculation discussed earlier for FIGS. ne aluminum sample was not shiny but dull from small 
3B and 4B to a series of the temperature images 60 over surface abrasions, The sample was 0.066 antimeters thick 
time. Note that FIG. 6B clearly displays a defect 67 as a dark and the areas with the bonded metal were 0.145 centimeters 
spot on the processed image 65 as opposed to the non-SESS thick. The measurement parameters were 120 frames 
processed images of FIGS. 3B and 4B. 60 acquired at a camera frame rate of 60 Hertz. The processed 

As shown in FIGS. 7 and 8, a comparison is made thermal image 105 was produced using the same tempera- 
between the processed thermal image 80 without SESS and ture normalization data reduction routine used to prohce 
with SESS, using the processed thermal image systems of image 101 of FIG. 10B. The dark areas in FIG. 1OB mask the 
FIGS. 1 and 5 respectively. The test sample was a flat plate ability of the thermal inspection to reveal the disbanded 
having 7.5 and 12.5 percent corrosion. The effect of the 65 portion of the sample. Instead, processed image 101 illus- 
lamps are clearly seen in FIG. 7 as dark areas 81 that can trates the unwanted superposition of the flash lamp effects 
actually mask the corrosion area. Reference numeral 82 102. On the other hand, processed image 105 of FIG. 1oc 

along a directed path. fie shutters may all being ne differences in of a processed image with and 

2.5% corrosion defects. A of the 
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illustrates a &bond area 107 without the unwanted effects only one lamp instead of two, depending on the size of the 
of the flash heat lamps. The SESS helps to image the disbond sample under test. With the arrangement of FIG. 12, if 
defect and the underlying structure of the stiEened panel as sample 121 is smaller than either reflector l23x  or m y ,  
illustrated in FIG. 1OC. The disbond area in FIG. 1OC is unwanted radiation from the lamps will not reach lens 1256 
illustrated by noting that the bottom half of FIG. 1OC has 5 because shutters 124 a, U4b and l24c operate in such a way 
alternating light and dark patches 108. These alternating as to allow lens 1256 to receive only infrared radiation 
patches 108 are absent in the top half of FIG. lOC, particu- radiating from surface l22a of sample 121. The timing 
larly in the circled region 107, indicative of an area of diagrams for the opening and closing of each shutter along 
&bond. with the shutter electronics will be discussed later in the 

setups and measurements, wherein the detector and heat FIG. l3A illustrates a temperature image of a graphite 
source are located on opposite sides of the test sample. A eP0V sample b & g  the dimensions of 2.51 cm by E.7 cm 
hough-trm-ion SvStem 110 is in FIG. 11. A with a thickness of 0.20 cm. Sample 139 is used to form the 

imaees of FIGS. 13Rl3E. The svstem of FIG. ll. usine 

we now turn our description to through-transmission 10 discussion of FIGS. 14 and 15. 

- 
sample 111 having two opposing surfaces ll2a and ll2b, 
respectively, is situated between infrared detector 115 hav- 
ing lens 116 pointed at surface ll2a of sample 111 and two 
flash lamps l l3a and ll3b, having reflectors l l 3 x  and U y ,  
respectively, pointed at surface ll2b of sample lll. A 
computer ll8 having a central processing unit 119 is elec- 
trically connected to lamps 113a and mb, and is also 
connected to an image processor 117, which, in turn, is 
electrically connected to infrared detector ll5.Although this 
system l l0  for through transmission has two lamps, through 
transmission is often conducted using only one lamp if the 
sample size is small enough. 

One problem encountered by the related a n  rnncer~  
small samples, where the reflector of one lamp used for 
through transmission is often bigger than the sample, caus- 
ing radiation to pass around the sample and into the lens of 
the infrared detector. Further complicating t h ~ ~  scenario, the 
radiation that passes around a small sample is usually of a 
much stronger intensity than the infrared radiation emanat- 
ing from surface llzainto infrared detector 115, resulting in 
poor superimposed images. This problem is called 
“bleedover.” Bleedover is particularly di5cult when trying 
to measure small changes in temperature at the edge of a 
sample being inspected and can give a false indication of an 
increase in temperature at the edge of the test sample. 

FIG. 12 illustrates an embodiment for through- 
transmission comprising system l20 using the SESS in 
accordance with the present invention. Sample 121 has one 
surface l22a facing a lens 1256 of infrared detector U5a 
while the opposing surface l22b of sample 121 faces 
reflectors 1231 and l23y of lamps l23a and l23b, respec- 
tively. In SESS through-transmission, the lamps 123a and 
l23b have shutters l24a and l24b, respectively, that can 
cover and uncover reflectors l23x and m y ,  respectively. 
For system 120, infrared detector l25a with lens l25b also 
has a shutter 1 2 k  that can cover or uncover lens 1256. SESS 
through-transmission system l20 also has shutter control 
electronics 126 that operate the shutters l24a. l24b and 
l24c as well as control the firing of lamps l23a and 123b. 
As with SESS single-sided measurements, through- 
transmission measurement synchronization compensates for 
the finite amount of time to open and close a shutter after a 
signal has been sent, while the firing of the lamps is 
instantaneous and simultaneous with the sgnal to prompt 
the firing. As will be discussed later, the opening and closing 
of shutters l24a and 1246 are complements of the closing 
and opening of shutter l24c as the shutter operation is 
synchronized. System 120 comprises an image processor 
127 that takes raw temperature data over time hum infrared 
detector 12% and processes it to uncover defects. The image 
prcessor 127 and the shutter control electronics 126 are 
generally controlled by a computer 128 having a central 
processing unit 129 electrically connected thereto. Although 
system 120 depicts two lamps, another embodiment may use 

I -  

onlyone flash heat lamp and a filkr to cover the lamp, was 
employed to achieve the temperature image 130 of FIG. 
13A As with FIG. 4A, FIG. 13A suffers from the filter 
heating up during the h i n g  of the flash and thereby super- 
imposing unwanted infrared radiation hom the hot filter 
after the firing of the lamp. The error created in FIG. 13Ais 

20 more severe than the error superimposed in FIG. 4Abecause 
the superimposed, unwanted radiation emanating from the 
filter in FIG. 4A must reflect off the sample surface to get 
into the lens of the inhared detector, while no reflection is 
needed for unwanted radiation emanating horn the filter in 

25 the case of FIG. 13k  This effect is even greater if the filter 
is rernclverl. 

The bleedover effect l31 in FIG. 13Ais also caused by the 
fact that the sample size is smaller than the reflector of the 
lamp. Thus, the infrared detector does not experience a total 

3,, ec4se  of the lamp, nor the hot filter U2, by the sample. 
Custom made baffles at the edge of the sample can be used 
to block the infrared heat radiating from the lamps. Some- 
times a bafne is placed on the lamp itself to block the 
residual heat radiation from the lamp. 

Because the graphite epoxy composite sample 139 in 
FIGS. 13A-13E is a thermal insulator having a low thermal 
conductivity, processing is achieved by t a k q  approxi- 
mately 30 frames of temperature images, and applying these 
images to a m e  fitting routine discussed below to achieve 

40 the processed thermal dif€usivity images. If the bleedover 
radiation is not totally blocked, then the processed data will 
have errors, as shown in FIG. UB. when using the system 
110. No filter was used during sampling for the processed 
image of FIG. UB. The processed diffusivity image 133 has 

45 dark areas 134 near the edge of the sample where the model 
did not converge for a valid diffusivity value. This failure to 
converge is because the size of the sample was smaller than 
the reflector of the lamp, causing the bleedover. 

Using a filter helped in the modified setup of just one flash 
50 heat lamp, but still the values of thermal ditkivity were not 

obtained along the edges where the lamp and filter were 
directly behind the sample as illustrated in processed image 
135 of FIG. 13C. FIG. UC is a processed image of 30 
temperature frames like FIG. U A  and undergoes the same 

55 processing as used to produce FIG. UB. As with same side 
setup, the filter heats up during the firing of a flash lamp. 
Therefore, because the reflector of the lamp, and hence the 
filter, are larger than the sample size, the filter will emit 
unwanted infrared radiation that is superimposed with the 

60 infrared radiation radiating on the detector side of the 
sample and will cause erroneous thermal inspection results. 
Such erroneous results can be seen as the dark patches 136 
along the edges where the measurements fail to converge 
with the theoretical model discussed below. Once again, 

65 FIG. 1X is another case of bleedover. 
FIG. 13D employs the SESS system 120, using only one 

flash lamp and the sample used of FIG. UA. Notice that 

35 
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there is no bleedover as the normalized, processed image 
138 of FIG. 13D converges, even at the edges of the sample, 
with the theoretical model of equation 1 below for thermal 
difEusivity: 

where T-dt) is the normalized temperature response, the fit 
parameter is a which is the thermal dilhsivity, I is the known 
thickness, and t is time. The difisivity image without the 
shutter contains errors. The dilhsivity values are saturated 
near the edge of the sample when SESS is not employed. 
The difisivity image of the composite sample using the 
SESS is more defined on the edges. By using the SESS, 
measurement errors of thermal diffusivity along the edge are 
reduced. FIG. 13E illustrates how a processed image yields 
thermal difhsivity between 0.000 and 0.005 cm2/sec 
depending on gray scale values of different parts of the 
processed images of FIGS. 13B, 13C and WD. 

A timing control diagram 140 and the steps for operation 
of the SESS for either the same-side thermal inspection 
system 50 or for the through-transmission thermal inspec- 
tion system l20 are illustrated in FIG. 14. The start of data 
collection begins at step 141 when a trigger signal from the 
computer indicates the start of an inspection at time 147. 
This signal is used to trigger the detector shutter to open for 
an adjustable period of time at step 142 to allow for 
acquisition of background images. Step 142 also comprises 
the closing of the shutter to the detector at the same time 148 
that the steps 14laand 144b of opening the lamp shutters 
begin. These shutter operations are done well in advance of 
the firing of the lamps because there is a mechanical delay 
between when the signal is sent and when the shutter is 
either fully opened or fully closed. During the opening of the 
lamp shutters, the lamps are fired at steps 143a and 143b 
with a duration of 0.008 seconds. Note that between the time 
148 and the time 149, the shutter covering the lens prevents 
unwanted radiation from the lamp from entering the lens, 
either directly as through transmission or by reflection off 
the sample under test during same-side thermal inspection. 
The temperature of the sample under test generally raises 
about 10 degrees- Celsius above ambient temperature for a 
0.008 second flash. Shortly after the lamps fire, the shutters 
to the lamps close at  steps 144a and 144b at the same time 
149 that the shutter to the infrared detector is opened again 
at step 142. Now the detector can collect temperature images 
for thermal inspection at step 145 by measuring the infrared 
radiation emitted by the cooling of the sample. Because the 
shutters to the lamps were not covering the lamps when they 
were fired at steps 143n, 143b, the shutters do not emit 
unwanted infrared radiation into the infrared detector. 

Amechanical delay occurs both when the detector shutter 
and lamp shutters open and when they close. The delays are 
approximately the same for both these shutters. They are 
calibrated to 60 Hertz. The time delay between sending a 
signal to open and close the shutters and the firing of the 
lamps is adjustable to account for the delay between the 
triggering of the shutters and the time when the shutters are 
fully opened or closed. The mechanical operation of opening 
and closing of the shutters should be completed before a 
signal to trigger the firing of the lamps is output as there is 
no or little time delay between the output of the lamp firing 
signals and the actual firing of the lamps. 

The shutter control electronics 150 for operating the 
shutters and Sring the lamps for the SESS of FIG. 5 (system 

12 
50) and of FIG. 12 (system 120) are illustrated in FIG. 15. 
The electronics 150 comprise. one input signal 151 and four 
output signals 152a, 152b, 152c and 152d. The one input 
signal is a Transistor Transistor Logic ('TTL) signal from the 

5 computer to indicate the start of the inspection. The rising 
edge of this pulse is used to generate four TTL output signals 
using two LS221 dual monostable multivibrators with 
Schmitt-trigger inputs 153a and 153b. The detector shutter 
152a and lamp shutter signals 152b and 152c are comple- 

IO ments of each other. During heating, the lamp shutters are 
open and the detector shutter is closed. During data collec- 
tion by the detector, the detector shutter is open and the lamp 
shutters are closed. The lamp 'ITL trigger signal 152d is 
generated from the rising edge of the detector shutter signal. 

15 Both the shutters used for the detector and lamps have 
operating speeds on the order of the camera frame rate of 60 
Hertz. 

Referring now to FIG. 16, another embodiment of a 
synchronized electronic shutter system (SESS) 160 in accor- 

20 dance with the present invention is shown for single-sided 
inspection. The system 160 is similar to the system 50, but 
system 160 comprises a single shutter 164 for covering lens 
16% of infrared detector 16%. In addition, system 160 
comprises shutter electronics 166 that control the timing of 

25 the opening and the closing of the shutter 164 along with the 
timing of firing a first means for heating 163a and a second 
means for heating 16321 (if used). The synchronization of 
system 160 involves the timing of the detector shutter 164 
mechanically opening and then closing before the firing of 

30 the means for heating 163a, 163b. The system 160 has no 
delay, however, between sending a signal to fire a means for 
heating and the actual firing of it. The shutter electronics 166 
are essentially the same electronics of the system described 
in FIG. 15, with the exception that the lamp shutter signals 

Both reflectors 163x, 163y are pointed at surface 162a of 
sample 161. Infrared detector 1 6 5  has a lens 16% that is 
also pointed at surface 162a of sample 161 and covered by 
shutter 164. The system 160 has an image processor 167 

40 electrically connected to computer 168 having a central 
processing unit 169 to convert temperature images gleaned 
from infrared detector 165a into a processed image that 
illustrates the corrosion, defects, disbonding, delamination, 
or paint thickness of sample 161. 

The first and second means for heating 163a, 163b may 
comprise a first flash heat lamp and a second flash heat lamp. 
Alternatively, the means for heating may comprise a quartz 
lamp or other heat source capable of heating the sample 
under test 161 to a temperature above ambient temperature 

50 in quick fashion. The shutter 164 may comprise one of a 
variety of mechanical structures, including a roller blind 
with a slot, a rotating disc with a slot, an iris diaphragm, a 
circular eyelid device, a set of movable vanes, or any other 
device capable of obstructing the transmittal of light waves 

55 along a directed path. The shutter 164 may be made of a 
reflective material and may also be made of a material 
having with low-emissivity properties. 

The system 160 operates as follows. Before firing the 
lamps, 163a and 163b, the shutter 164 over the detector 165a 

50 is opened to acquire the necessary backround data frame 
for offset calibration. During flash heating, the shutter 164 
over the detector is closed to prevent the photons from the 
high intensity lamp from entering the infrared detector and 
lamps 163a and 163b are then fired. The flash heating 

$5 duration is short (about 0.008 seconds) and heats the sample 
161 under test by approximately 10 degrees Celsius above 
the ambient temperature. Immediately after the lamps 163a 

3s 152b, 152c are no longer required. 

45 
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and 163b are fired, the detector shutter 164 is opened to the shuner to the detector at time 189, which is after the 
measure the surfact: temperature. This shuttering and data lamps have fired. The detector talres temperature images by 
collecting process is synchronized to the start of the acqui- measuring the inhared radiation emitted by the cooling of 
sition of the next detector data frame. The shutter 164 is the sample. The method Of thermal inspection then repeats 
synchronized electronically with the lamps to close when the 5 the Steps 182 though 185 as described at Step 186 until the 
lamps are fired and open again after h ing  for data collection desired number of data frames are and Processed. 
by the detector 165a. Amechanical delay occurs both when the detector shutter 

opens and when it closes. The shutter k calibrated to 60 
electronic shutter system (SESS) 170 in accordance with the Hertz* The time delay between sending a signal to Ten and 

FIG. 17 illustrates another of a 

present invention for a through-&mm&on set-up system 10 'lose the Shutter and the firing Of the lamps is 
170. sample 171 has one =dace 1 m  fa* a iem 175b of 

17' faces reflectors 173X and 173y Of *amps 173a 
For this sEss through-trwmission 

to 
account for the delay between the cering of the shutter 
and the time when the shutter is fully opened or closed. The 
mechanical operation of opening and closing of the shutter infrared detector while the Opposing 172b Of 

should be completed before a signal to m e r  the 
the lamps is output as there is 110 or 

of 
time delay between and 173bv 

set-up, the system 170 has a single shutter 174 that can cover 15 the output of the lamp hg sign& and the 
or uncover lens 175b. The SESS through-transmission sys- the lamps. 
tem 170 a h  has S h U t k r  control electronics 176 that operate 
the shutter 174 as well as control the firing Of lamps 173~ invention have been described in &a above, those &$led 
and 173b. As with SESS single-sided measurements, in the art will readily appreciate that many modifications are 
through-transmission measurement synchronization com- 20 possible in the exemplary embodiments without materially 
pensates for the finite amount of time to open and close a departing from the novel teachings and advantages of this 
shutter after a signal has been sent, while the firing of the invention. Accordingly, all such modifications are intended 
lamps is instantaneous and simultaneous with the signal to to be included within the scope of this invention as defined 
prompt the firing. As with the system 160, the opening and in the following Claims. In the claims, means-plus-function 
closing of shutter 174 sync~o-s with the. firing of lamps 25 and step-plus-function clauses are intended to cover the 
ina; 173b. system 170 mmp"cPS hags prcc-,mr 177 structures or arts d e x r h d  h c x k  1c @'cmkg +&e red:ed 
that takes raw temperature data over he from infrared function and not only structural equivalents, but also equiva- 

kg of 

Although only a few exemplary embodiments of 

detector 175~ 4 processes it to uncover defe-. The image lent Thus. a and a screw may not be 
processor 177 and the shuner elxtronicr 176 are equivalents in that a nail a cyhdrid 
generally controlled by a computer 178 having a central M to wooden whereas a screw 

employs a helical surface, in the environment of fastening processing unit 179 electrically connected thereto. Although 

tures. only one lamp instead of two, depending on the size of the 
sample under test. With the arrangement of FIG. 17, if Letters Patent of the United States is: sample 171 is smaller than either reflector 173x or 173y, 35 
unwanted radiation from the lamps will not reach lens 175b material, said method comprising the steps of: because shutter 174 operates in such a way as to allow lens 

system 170 depicts two lamps, another embodiment may use wooden Parts, a nail and a may be equivalent strUc- 

What is claimed as new and desired to be secured by 

1. A method for thermal inspection of a sample of 

1756 to receive only infrared radiation radiating from sur- 
face 172a of sample 171. The shutter electronics for system 
170 are similar to the system 160. In other words, the shutter 
electronics 176 are essentially the. same electronics of the 
system described in FIG. 15, with the exception that the 
lamp shutter signals 152b, 152c are no longer required. 

The timing diagram and the acts of the method for thermal 
inspection for either the same-side thermal inspection sys- 
tem 160 or for the through-transmission thermal inspection 
system 170 are shown in FIG. 18. The timing control 
diagram is referenced generally as numeral 180. In thermal 
inspection systems, a trigger signal can be obtained from the 
computer to indicate the start of the step for collection of 
data 181 at time 187. This signal is used to trigger the 
detector (camera) shutter to open for an adjustable period of 
time at step 182 to allow for acquisition of background 
images. The shutter to the detector is then closed at the time 
188. This shutter operation is done in advance of the firing 
of the lamps because the shutter has a mechanical delay 
between when the signal is sent to close the shutter and when 
the shutter is fully c1ose.d. After time 188, the lamps are fired 
at steps 183n and 183b with a duration of 0.008 seconds, 
with the shutter covering the detector lens preventing 
unwanted radiation from the flash from entering the lens, 
either directly during through-tramnksion or by reflection 
off the sample under test during same-side thermal inspec- 
tion. The temperature of the sample under test generally 
raises about 10 degrees Celsius above ambient temperature 
for a 0.008 second flash. Shortly after the lamps fire, the step 
of collecting thermal inspection data 185 o c a m  by opening 

pointing an infrared detector having a lens at a surface of 

covering said lens with a first shutter; 
firing a lamp having a reflector pointed at said sample to 

coveriig said lamp xith a semad skitter; and 
opening said first shutter to expose said lens to enable said 

detector to acquire temperature measurements of said 
sampIe over time as said sample cools down. 

2. The method of claim 1, further comprising the step of 
opening said second shutter to expose said lamp while 
covering said lens with said ht shutter. 
3. The method of claim 1, wherein said step of covering 

said lamp with said second shutter occurs at the same time 
as said step of opening said ht shutter to expose said lens 
of said infrared detector. 
4. The method of claim 1, further mmpiising the step of 

55 receiving a signal from a computer to start said method 

5. The method of claim 1, wherein said lamp and said 

6 .  The method of claim 5,  wherein a second lamp resides 
60 on said same side of said sample as said first lamp and said 

infrared detector, said second lamp having a third shutter 
that covers said second lamp when said second shutter 
coven said ht lamp and said third shutter uncovers said 
second lamp when said second shutter uncovers said first 

65 lamp, both said first lamp and said second lamp being 
pointed at a same surfam of said sample as said inkared 
detector. 

said sample to acquire background data; 

heat said sample above an ambient temperature; 

45 
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before covering said lens of said infrared detector. 

infrared detector are on the same side of said sample. 
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7. The method of claim 6 ,  wherein one electronic input 
signal is input from a computer having a central processing 
unit that generates 4 electronic output signals, the hst output 
signal being used for operating said first shutter, the second 
output signal being used for operating said second shutter, 
the third output signal being used for operating said third 
shutter, and the fourth output signal being used for triggering 
the firing of flashes from both said lamps simultaneously. 

8. The method of claim 1, wherein said lamp is on an 
opposite side of said sample from said infrared detector. 

9. The method of claim 1, wherein said first lamp has a 
duration of firing of approximately 0.002 seconds to raise a 
temperature of said sample approximately 10 degrees Cel- 
sius above an ambient temperature 

10. The method of claim 1, wherein said temperature 
measurements comprise a plurality of temperature images of 
said sample over time, said method further comprises the 
step of creating a processed image from said plurality of 
temperature images by a method selected from the group 
consisting of curve fitting for thermal diffusivity, time 
derivative calculations, normalization data reduction 
routine, and averaging. 

ll. An apparatus for thermally inspecting a sample of a 
material, comprising: 

an infrared detector having a lens pointed at a surface of 
said sample; 

means for heating said sample to a temperature above an 
ambient temperature; 

a first shutter to cover and uncover said lens of said 
infrared detector; 

a second shutter to cover and uncover said means for 

shutter electronics, operatively connected to said first 
shutter and said second shutter, for controlling synchro- 
nization of the opening and closing of each shutter and 
a timing of a firing of said means for heating; 

a computer, electrically connected to said shutter 
electronics, €or generating a trigger signal to initiate a 
thermal inspection process. 

12. 7he apparatus of claim 11, wherein said means for 
heating is a flash heat lamp. 

13. The apparatus of claim 12, further comprising a 
second flash heat lamp having a third shutter that moves in 
tandem to said second shutter. 

14. The apparatus of claim 13, wherein said first and 
second flash heat lamps are both pointed at the same surface 
of said sample as said lens. 

15. The apparatus of claim 11, wherein said shutter 
electronics cause said first shutter to uncover said infrared 
detector lens at the same time said second shutter covers said 
means for heating. 

16. The apparatus of claim ll, wherein said shutter 
electronics c a w  said first shutter to cover said infrared 
detector lens at the same time said second shutter uncovers 
said means for heating. 

17. The apparatus of claim 11, wherein said means for 
heating is pointed at a surface of said sample that is opposite 
to the surface said lens is pointed towards. 

18. The apparatus of claim 11, wherein said shutter 
electronics comprise a pair of dual monostable muitivibra- 
tors. 

19. The apparatus of claim 18, wherein each one of said 
pair of dual monostable multivibrators comprise Schmitt- 
trigger inputs. 

20. The apparatus of claim ll, wherein said computer 
collects a plurality of temperature images over time taken by 

. heating; 
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said infrared detector of said sample, said plurality of 
temperature images being used to construct a processed 
image by using a method selected from the group consisting 
of curve fitting for thermal diffusivity, time derivative 
calculations, normalization data reduction routine, and aver- 
aging. 

21. A method for thermally inspecting a thin sample 
having a first surface and a second surface opposite to said 
first surface, said method comprising the steps of: 

opening a shutter to an infrared detector, said detector 
being pointed toward said first surface, to measure 
reference infrared radiation emanating from said first 
surface when said sample is at an ambient temperature; 

closing said shutter to said detector while opening a 
shutter of a lamp that is pointed at said sample; 

firing said lamp to heat said sample to a temperature 
above said ambient temperature; 

closing said shutter of said lamp to cover said lamp while 
opening said shutter to said infrared detector; 

acquiring a plurality of temperature images of said sample 
over time from said infrared detector; and 

producing a processed image from said plurality of tem- 
perature images. 

22. The method of claim 21, wherein said processed 
image indicates a location where said first surface has a 
defect. 

23. The method of claim 21, wherein said processed 
image is formed by a normalization data reduction routine 
performed on said plurality of temperature images and 
wherein said lamp is on a same side of said sample as said 

24. The method of claim 23, further comprising the step 
of pointing said lamp at said first surface of said sample. 

25. The method of claim 24, further comprising the step 
of pointing a second lamp toward said first surface, said 

35 second lamp comprising a shutter that operates in tandem to 
said shutter of said first lamp and said second lamp being 
fired at the same time said fist lamp is fired. 

26. The method of claim 21, wherein said processed 
image is formed by curve fitting said plurality of tempera- 
ture images to a theoretical model for thermal ditfusivity. 

27. The method of claim 22, wherein said processed 
image is formed by applying a temperature normalization 
data reduction routine to said plurality of temperature 
images. 

28. The method of claim 21, wherein said lamp is pointed 
at said second surface of said sample. 

29. The method of claim 21, wherein said step of firing 
said lamp lasts for a duration of approximately 0.008 sec- 
onds and heats said sample approximately 10 Celsius 
degrees above said ambient temperature. 

30. An apparatus for thermally inspecting a thin sample 
having a first surface and a second surface opposite to said 
first surface, comprising: 

an infrared detector having a lens pointed at said first 
surface, said detector having a first shutter; 

a lamp for heating said thin sample, said lamp having a 
reflector and having a second shutter, said lamp being 
pointed at one of said first surface and said second 
surface of said thin sample; and 

shutter electronics, operatively connected to said first 
shutter and said second shutter, for controlling synchro- 
nization of the opening and closing of each shutter to 
enable thermal inspection of said sample upon actua- 
tion of a trigger signal. 

31. The apparatus of claim 30, said shutter electronics 
comprising a pair of dual monostable multivbrators with 
Schmitt-trigger inputs. 

30 infrared detector. 
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32. The apparatus of claim 30, said shutter electronics 
actuating said first and said second shutter in complement to 

means for heating said sample to a temperature above an 
ambient temperature; 

one another. 
33. The apparatus of claim 30, wherein said lamp is 

pointed at said second surface. 
34. The apparatus of claim 30, further comprising a 

second lamp being pointed at said first surface, wherein said 
first lamp is also minted at said first surface. 

a shutter to cover and uncover said lens of said infrared 
detector; 

shutter electronics, operatively connected to said shutter, 
for controlling synchronization of the opening and 
closing of said shutter and a timing of a iiring of said 

35. The apparatus of claim 30, further comprising a means for heating; and 
computer electrically connected to both an image processor a computer, electrically connected to said shutter 
and said shutter electronics, said computer actnating said lo electronics, for generating a trigger signal to initiate a 
trigger, said image processor receiving a plurality of tem- thermal inspection process. 
perature images of said sample taken over time by said 46. The apparatus of claim 45, wherein said means for 
infrared detector and applying one of a curve fitting routine 
for thermal diffusivity, a time derivative calculation, a nor- 47. The apparatus of claim 46, further comprising a 
malization data reduction routine, and an averaging routine Is second flash heat lamp that fires in tandem with said first 
to produce a processed image that has the capability of flash lamp. 
illustrating locations of defects on said sample. 18. The apparatus of claim 47, wherein said first and 

36. A method for thermal inspection of a sample of second flash heat lamps are both pointed at the same surface 
material, said method comprising the steps oE of said sample as said lens. 

pointing an infrared detector having a lens at a surface of 49. The apparatus Of claim 45, wherein said shutter 
electronics cause said shutter to cover said infrared detector 

covering said lens with a shutter; lens during said time of finng of said means for heating. 
firing a lamp having a =flator 50. The apparatus of claim 45, wherein said shutter 

25 electronics cause said shutter to open after said time of firing 
Q F ~ g  S&! +htpI frnm s" !e= said ~~~S for heating to enable said infrared detector to 

heating is a flash heat lamp. 

20 

said sample to acquire background data; 

at said sample to 
heat said sample abve an ambient temperature; and 

e=.'.'p $& 

detector to a a e e  t e m m r a m  measurements of said detecf the emma- from said heated 

sample over time as said sample cools down. 
37. The method of claim 36, wherein said step of firing 

said lamp to heat said sample occurs at the same time as the 
step'of covering said lem with said shutter. 
38. The method of claim 36, further comprising the step 

of receiving a signal from a computer to start said method 
before covering said lens of said infrared detector. 

39. The method of claim 36, wherein said lamp and said 
infrared detector are on the same side of said sample. 
40. The method of claim 39, wherein a second lamp 

resides on said same side of said sample as said first lamp 
and said infrared detector, said second lamp finng to heat 
said sample at the same time as the step of covering said lens 
with said shutter, both said first lamp and said second lamp 
being pointed at a same surface of said sample as said 
infrared detector. 

41. The method of claim 40, wherein one electronic input 

30 
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sample. 
51. The apparatus of claim 45, wherein said means for 

heating is pointed at a surface of said sample that is opposite 
to the surface said lens is pointed towards. 

52. The apparatus of claim 45, wherein said shutter 
electronics comprise a pair of dual monostable multivibra- 
tors. 

53. The apparatus of claim 52, wherein each one of said 
pair of dual monostable multivibrators comprise Schmitt- 
trigger inputs. 

54. The apparatus of claim 45, wherein said computer 
collects a plurality of temperature images of said sample 
taken over time by said infrared detector, said plurality of 
temperature images being used to construct a processed 
image by using a method selected from the group consisting 
of curve fitting for thermal difkivity, time derivative 
calculations, normalization data reduction routine, and aver- 

signal is input &om a computer having a central process&g 45 
unit that generates two electronic outputs, the 6rst output 
signal for operating said shutter, the second output signal for 
triggering the firing of flashes from both said lamps simul- 
taneously. 

42. The method of claim 36, wherein said lamp is on an 50 
opposite side of said sample from said infrared detector. 

43. The method of claim 36, wherein said lamp has a 
duration of tiring of approximately 0.008 seconds to raise a 
temperature of said sample approximately 10 degrees Cel- 
sius above an ambient temperature.. 

measurements comprise a plurality of temperature images of 
said sample over time, said method further comprising the 
step of creating a processed image from said plurality of 
temperature images by a method selected from the group 60 
consisting of curve fitting for thermal diffusivity, time 
derivative calculations, normalization data reduction 
routine, and averaging. 

45. An apparatus for thermally inspecting a sample Of a 
material, comprising: 

an infrared detector having a lens pointed at a surface of 
said sample; 

A method for themauy inspecting a thin sample 
having a first surface and a second surface opposite to said 
first surface, said method comprising the steps of: 

pointing an infrared detector having a lens at said first 
surface of said thin sample to measure reference infra- 
red radiation emanating from said fust surface when 
said sample is at an ambient temperature; 

'Overing said lens with a shut*er; 
firing a lamp that is Pointed at said sample to heat said 

sample to a temperature above said ambient tempera- 
ture; 

opening said shutter to said lens of said infrared detector; 
acquiring a plurality of temperature images of said sample 

producing a processed image from said plurality of tem- 

56. The method of claim 55, wherein said processed 
image indicates a location where said 6rst surface has a 
defect. 

57. The method of claim 55, wherein said processed 
image is formed by a normalization data reduction routine 
performed on said plurality of temperature images and 

5j 
44. The method of claim 36, wherein said temperature 

over time by using said infrared detector; and 

perature images. 
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wherein said lamp is on a same side of said sample as said 
infrared detector. 

58. The method of claim 57, further comprking the step 
of pointing said lamp at said first surface of said sample. 

59. The method of claim 58, further comprising the step 
of pointing a second lamp toward said first surface, said 
second lamp being fired at the same time said first lamp is 
fired. 

60. The method of claim 55, wherein said processed 
image is formed by curve fitting said plurality of tempera- 
ture images to a theoretical model for thermal ditfusivity. 

61. The method of claim 55, wherein said processed 
image is formed by applying a temperature normalization 
data reduction routine to said plurality of temperature 
images. 

62. The method of claim 55, wherein said lamp is pointed 
at said second surface of said sample. 
63. The method of claim 55, wherein said step of firing 

said lamp lasts for a duration of approximately 0.008 sec- 
onds and heats said sample approximately 10 degrees Cel- 
sius above said ambient temperature. 

64. An apparatus for thermally inspecting a thin sample 
having a first surface and a second surface opposite to said 
first surface, comprising: 

an infrared detector having a lens pointed at said first 
surface; 

a shutter to cover and uncover said lens of said infrared 
detector; 

a lamp for heating said thin sample, said lamp having a 
reflector that is pointed at said sample, said lamp being 

20 
pointed at one of said first surface and said second 
surface of said thin sample; and 

shutter electronics, electrically connected to said shutter 
and said lamp, for synchronizing the opening and 
closing of said shutter with a firing of said lamp such 
that said shutter covers said lens of said infrared 
detector during the time of firing of said lamp and said 
shutter opens when said lamp is not fired to enable 
thermal inspection of said sample. 

65. The apparatus of claim 64, wherein said shutter 
electronics comprise a pair of dual monostable multivibra- 
tors with Schmitt-trigger inputs. 

66. The apparatus of claim 64, said lamp being pointed at 

67. The apparatus of claim 64, further comprising a 
second lamp being pointed at said first surface, said first 
lamp also being pointed at said first surface. 

68. The apparatus of claim 64, further comprising a 
computer electrically connected to both an image processor 
and said shutter electronics, said computer actuating a 
trigger signal from said shutter electronics to fire said lamp, 
said image processor receiving a plurality of temperature 
images of said sample taken over time by said infrared 

25 detector and applying one of a curve fitting routine for 
thermal ditfusivity, a time derivative calculation, a normal- 
ization data reduction routine, and an averaging routine to 
produce a processed image that has the capability of illus- 
trating locations of defects on said sample. 
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15 said second surface. 
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