


 

 

 

SUMMARY 

This disclosure is directed to a system and method for measuring thermal degradation of 

composites that utilizes a small, hand-held detection device that is relatively inexpensive to 

manufacture and operate.  In one aspect, a system for measuring thermal degradation of 

composites may include a housing having an interior with an opening shaped to expose a test 

area of the composite to be tested to the interior; a light-emitting diode that emits primarily 

ultraviolet radiation, the diode mounted on the housing to direct ultraviolet radiation into the 

interior and through the opening; an image sensor mounted on the housing and open to the 

interior to receive radiation emitted from the test area, in response to the ultraviolet radiation, 

passing through the opening into the interior and generate a signal in response thereto; the 

housing having a first reflective surface positioned in the interior that is shaped and positioned to 

receive the radiation emitted from the test area and reflect the radiation emitted from the test area 

to the image sensor, the first reflective surface including a first parabolic mirror mounted on the 

upper wall and a second parabolic mirror mounted on the lower wall, the first and the second 

parabolic mirrors shaped and positioned such that the first parabolic mirror receives the radiation 

emitted from the test area and reflects the radiation emitted from the test area to the second 

parabolic mirror, and the second parabolic mirror is shaped and positioned to reflect the radiation 

reflected from the first parabolic mirror to the image sensor; a second reflective surface mounted 

in the interior and positioned between the first and the second parabolic mirrors to receive the 

ultraviolet radiation from the light-emitting diode and reflect the ultraviolet radiation to the 

opening in the housing; and an image processor connected to receive the signal from the image 

sensor, the image processor programmed to determine a presence or an absence of thermal 

degradation of the test area in response to the signal, and the image processor including a display 

that displays one or both of a live image of the test area and a thermal map of the test area. 

 

In another aspect, a system for measuring thermal degradation of composites may include a 

housing having a side wall, a top wall and a bottom wall forming an interior, the housing having 

an opening shaped to expose a test area to be tested to the interior; a light-emitting diode that 

emits primarily ultraviolet radiation, the diode mounted in the side wall of the housing to direct 

ultraviolet radiation into the interior and through the opening, and including a high-pass filter 
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that allows only ultraviolet radiation from the light-emitting diode to enter the interior; an 

ellipsoid mirror mounted on the side wall within the interior and shaped and positioned to 

receive the ultraviolet radiation and reflect the ultraviolet radiation through the opening; an 

image sensor  mounted on the top wall of the housing and open to the interior to receive radiation 

emitted from the test area passing through the opening and generate a signal in response thereto, 

a first parabolic mirror mounted on the top wall within the interior, and a second parabolic mirror 

mounted on the bottom wall within the interior, the first parabolic mirror facing the second 

parabolic mirror such that radiation emitted by the test area is reflected from the first parabolic 

mirror to the second parabolic mirror, and from the second parabolic mirror to the image sensor, 

and wherein the ellipsoid mirror is positioned between the first parabolic mirror and the second 

parabolic mirror; and an image processor connected to receive a signal from the image sensor, 

the image processor having a display, the image processor programmed to determine a presence 

or an absence of thermal degradation of the test area in response to the signal, and the image 

processor is programmed to actuate the display to display one or both of a live image of the test 

area and a thermal map of the test area. 
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In yet another aspect, a method for measuring thermal degradation of composites may include 

actuating a light-emitting diode to emit primarily ultraviolet radiation into an interior of a 

housing; reflecting the ultraviolet radiation from the light-emitting diode by a second reflective 

surface mounted in the interior and positioned between a first parabolic mirror and a second 

parabolic mirror positioned in the interior of the housing through an opening in the housing to a 

portion of a test area to make the test area fluoresce visible light radiation; reflecting the visible 

light radiation by the first parabolic mirror that receives the visible light radiation emitted from 

the test area to the second parabolic mirror; reflecting the visible light radiation from the first 

parabolic mirror by the second parabolic mirror to the image sensor; detecting the visible light 

radiation reflected by the second parabolic mirror by an image sensor mounted on the housing 

and open to the interior, and generating a signal by the image sensor in response thereto; 

receiving the signal from the image sensor by an image processor indicative of a property of 

visible light radiation detected by the image sensor; and actuating a display by the image 

processor in response to the signal received by the image processor indicative of a presence or an 

absence of thermal degradation of the portion of the test area.  

 

Other objects and advantages of the disclosed system and method for measuring thermal 

degradation of composites will be apparent from the following description, the accompanying 

drawings, and the appended claims.   

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a schematic side elevation of an aspect of the system for measuring thermal degradation 

of composites;  

FIG. 2 is a schematic representation of a display of data received by the system of FIG.1;  

FIGS. 3A, 3B, and 3C are graphs of the ratio of intensity of fluoresced radiation versus exposed 

temperature of a first side of actual test specimens of composite material in which data points are  
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ratios of intensities of the red to green, red to blue, and blue to green segments of the visible light 

spectrum, using two methods of calculating ratios; and 

FIGS. 4A, 4B, and 4C are graphs of the ratio of intensity of fluoresced radiation versus exposed 

temperature of a second, opposite side of the actual test specimens of composite material in 

which data points are ratios of intensities of the red to green, red to blue, and blue to green 

segments of the visible light spectrum, using two methods of calculating ratios. 

DETAILED DESCRIPTION 

As shown in FIG. 1, a system for measuring thermal degradation of composites, generally 

designated 10, may include a housing 12 forming an interior 14 with an opening 16 shaped to  
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What is claimed is: 

1. A system for measuring thermal degradation of composites, the system comprising: 

 a housing having an interior with an opening shaped to expose a test area of the 

composite to be tested to the interior; 

 a light-emitting diode that emits primarily ultraviolet radiation, the diode mounted on the 

housing to direct the ultraviolet radiation into the interior and through the opening; 

 an image sensor mounted on the housing and open to the interior to receive radiation 

emitted from the test area, in response to the ultraviolet radiation, passing through the opening 

into the interior and generate a signal in response thereto;  

the housing having a first reflective surface positioned in the interior that is shaped and 

positioned to receive the radiation emitted from the test area and reflect the radiation emitted 

from the test area to the image sensor, the first reflective surface including a first parabolic 

mirror mounted on the upper wall and a second parabolic mirror mounted on the lower wall, the 

first and the second parabolic mirrors shaped and positioned such that the first parabolic mirror 

receives the radiation emitted from the test area and reflects the radiation emitted from the test 

area to the second parabolic mirror, and the second parabolic mirror is shaped and positioned to 

reflect the radiation reflected from the first parabolic mirror to the image sensor; 

a second reflective surface mounted in the interior and positioned between the first and 

the second parabolic mirrors to receive the ultraviolet radiation from the light-emitting diode and 

reflect the ultraviolet radiation to the opening in the housing; and 

 an image processor connected to receive the signal from the image sensor, the image 

processor programmed to determine a presence or an absence of thermal degradation of the test 

area in response to the signal, and the image processor including a display that displays one or 

both of a live image of the test area and a thermal map of the test area. 

 

2. The system of claim 1, wherein the housing includes a side wall, an upper wall attached 

to the side wall, and a lower wall attached to the side wall, the side wall, the upper wall and the 

lower wall defining the interior of the housing. 

 

3. The system of claim 2, wherein the light-emitting diode is mounted in the side wall; the 

image sensor is mounted in the upper wall; and the opening is formed in the lower wall. 
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4. The system of claim 1, wherein the second reflective surface includes an ellipsoid mirror. 

 

5. The system of claim 4, wherein the ellipsoid mirror is attached to a holder that is attached 

to the side wall. 

 

6. The system of any one of claims 1 to 5, further comprising a high-pass filter mounted in 

the housing, the high-pass filter permitting only the ultraviolet component of the primarily 

ultraviolet radiation from the light-emitting diode to pass through the high-pass filter and enter 

the interior. 

 

7. The system of claim 6, wherein the light-emitting diode includes a ball lens to focus the 

primarily ultraviolet radiation emitted by the light-emitting diode. 

 

8. The system of any one of claims 1 to 7, further comprising an ultraviolet filter that allows 

visible light radiation to pass, the ultraviolet filter mounted on the housing such that only visible 

light radiation reaches the image sensor from the interior. 

 

9. The system of any one of claims 1 to 8, wherein the image sensor is a digital camera. 

 

10. The system of any one of claims 1 to 9, wherein the image processor is selected from a 

laptop computer and a mobile device. 

 

11. A system for measuring thermal degradation of composites, the system comprising: 

 a housing having an interior with a side wall, a top wall, and a bottom wall forming an 

interior, the housing having an opening shaped to expose a test area to be tested to the interior; 

 a light-emitting diode that emits primarily ultraviolet radiation, the diode mounted in the 

side wall of the housing to direct the ultraviolet radiation into the interior and through the 

opening, and including a high-pass filter that allows only ultraviolet radiation from the light-

emitting diode to enter the interior; 
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 an ellipsoid mirror mounted on the side wall within the interior and shaped and 

positioned to receive the ultraviolet radiation and reflect the ultraviolet radiation through the 

opening; 

 an image sensor mounted on the top wall of the housing and open to the interior to 

receive radiation emitted from the test area passing through the opening and generate a signal in 

response thereto;  

 a first parabolic mirror mounted on the top wall within the interior, and a second 

parabolic mirror mounted on the bottom wall within the interior, the first parabolic mirror facing 

the second parabolic mirror such that the radiation emitted by the test area is reflected from the 

first parabolic mirror to the second parabolic mirror, and from the second parabolic mirror to the 

image sensor, and wherein the ellipsoid mirror is positioned between the first parabolic mirror 

and the second parabolic mirror; and 

 an image processor connected to receive a signal from the image sensor, the image 

processor having a display, the image processor programmed to determine a presence or an 

absence of thermal degradation of the test area in response to the signal, and the image processor 

is programmed to actuate the display to display one or both of a live image of the test area and a 

thermal map of the test area. 

 

12. A method for measuring thermal degradation of composites, the method comprising: 

 actuating a light-emitting diode to emit primarily ultraviolet radiation into an interior of a 

housing; 

reflecting the ultraviolet radiation from the light-emitting diode by a second reflective 

surface mounted in the interior and positioned between a first parabolic mirror and a second 

parabolic mirror positioned in the interior of the housing through an opening in the housing to a 

portion of a test area to make the test area fluoresce visible light radiation; 

reflecting the visible light radiation by the first parabolic mirror that receives the visible 

light radiation emitted from the test area to the second parabolic mirror; 

reflecting the visible light radiation from the first parabolic mirror by the second 

parabolic mirror to the image sensor; 
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 detecting the visible light radiation reflected by the second parabolic mirror by an image 

sensor mounted on the housing and open to the interior, and generating a signal by the image 

sensor in response thereto;  

 receiving the signal from the image sensor by an image processor indicative of a property 

of visible light radiation detected by the image sensor; and 

 actuating a display by the image processor in response to the signal received by the image 

processor indicative of a presence or an absence of thermal degradation of the portion of the test 

area. 
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