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Non-destructive Investigation of Modulated Infrared Thermography in
Evaluation of Subsurface Defects in-Polymer Matrix Composites
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, an investigation was done on modulated IR thermography for detection and evaluation of
Received 06 November 2017 artificial subsurface defects in composite materials. In this method, In order to stimulate the test
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: . specimen, the heat flux is applied periodically over the surface of the specimen and the thermal
Auvailable Online 25 January 2018

response is decomposed by the Fourier transform method in order to extract its amplitude and phase
images. The non-uniform backgrounds in the obtained images often reduce detection ability, In order to

ﬁiyn"_”;’e’:}f'umve test improve the evaluation of this method; an edge detection filter and a morphological attribute profile

Thermography were applied to the images. Experimental investigations were applied for different frequencies on

Modulation specimens made with common controlled defects in composite materials. Interpretation of the results

Composites were utilized in the calculation of defects’ size and location, it was observed that in specimen with 2
mm thickness delamination defect with a minimum size of 20-10 mm, dry fiber and inclusion defects
with a minimum size of 50-40 mm is detected and is measured. The same geometry and the artificial
defects used in experiments were considered in the finite element analysis. The results of finite element
analysis were found to have an agreement with the experimental results and can be used to find the
optimum parameters in investigation of modulated IR thermography for detection of defects on
composites.
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Fig. 1 Composite sample design with dry fiber defect
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Fig. 8 Phase contrast with heating frequency on the sample with dry
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a. edge detection filter b. morphological attribute
Fig. 10 Phase image by applying a- the edge detection filter, b- the
morphological attribute profile
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Fig. 11 Phase image at 0.3 Hz frequency with the edge detection filter
and the morphological attribute profile and axes scales
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b. Thermal image at time 20
sec, experimental analysis
s X ¥ - ]

a.Thermal image at time 15 sec,
experimental analysis
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d. Amplitude image
experimental analysis

f. Thermal image at time 20 sec,
finite element analysis

c.Phase image
experimental analysis

e. Thermal image at time 15
sec, finite element analysis
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g. Phase image h. Amplitude image
finite element analysis finite element analysis
Fig. 9 Thermal, Amplitude and Phase image at the frequency of 0.3 Hz,
experimental and finite element analysis on the sample with dry fiber
defect

Slizl s 5 sl 5,8 03 LS8 50 56 5 aals oyl ol 9 JSB
Sid S el b digel dgae

2 i bl Siloy g 5T SiSS g el Sy elidies,
Oype Jlazms polal o5 Sl (Solai @l 5 bacgerme )l aly
0ssle K0l sl bilon o el ol Jlesl sl [26] 0,5 e
gbal Aol y 09 oo ooliiuwl ' Cdie s gidalip lame 5l sadialgae e ,8
ol 2 pgal d5ee Slilos 5 C8L,0 9355 Ol 4], R0l 56
3 ogee gl g ad (oged dz n coge S ol asd e plxl
oges adlal el ous ools lis 10-a JSi jo az bz 00 5 o paas
S5 4 Al e g 0ad (U paal 4 ey crge 4 ST b
L ooy lidosn, 2ld Jbsl 55 10-b JSa ol (ais LB
Gl 0zl Znl mosg i adS A5 aBs e LS
5 bt gl Jlasl L 03 Lols 3 s stobul b s
2 Aiged (s ol b el 503l Jlno olyen 4y 4 Lo ST
03,5111 ISy (i 355 (S 03lail (Sl (13,1 ol 3 jslate 4y g0
Oy e 18,5 Sl 0 L 09l e cnmlin a5 jsbles el ead

1 Matlab

230


www.SID.ir

Ubhled 9 Gllos @25

Sroxls Qino) 35 o Slge s ) 0ubAlg e joyd Ygdle IS Rt LI

a.Thermal image at time 15 sec,
experimental analysis

b. Thermal image at time 20 sec,
experimental analysis

d. Amplitude image

c.Phase image ! i
experimental analysis

experimental analysis

f. Thermal image at time 20 sec,
finite element analysis

s

e. Thermal image at time 15 sec,
finite element analysis
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g. Phase image h. Amplitude image

finite element analysis finite element analysis
Fig. 13 Thermal, Amplitude and Phase Image at frequency of 0.5 Hz,
experimental and finite element analysis on the sample with
delamination defect
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a.  Thermal image at time 21.13 sec
— Experimental Analysis

== = finite element Analysis
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b.  Temperature distribution profile
Fig. 12 Temperature distribution, a- Thermal Image at frequency of 0.5
Hz and time 21.13 sec b- Temperature distribution profile along the
line A=A’
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a-Thermal image at time 15 sec,
experimental analysis
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b- Thermal image at time 20 sec,
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d- Amplitude image
experimental analysis

c-Phase image experimental
analysis

e. Thermal image at time 15 sec,
finite element analysis

f. Thermal image at time 20 sec,
finite element analysis
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Fig. 16 Thermal, Amplitude and Phase Image at frequency 0.5 Hz,
experimental and finite element analysis on the sample with inclusions
defect
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Fig. 14 Phase image at 0.5 Hz frequency with the edge detection filter
and the morphological attribute profile and axes scales
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a.  Thermal image at time 15.10 sec
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b.  Temperature distribution profile
Fig. 15 Temperature distribution, a- Thermal image at frequency 0.5
Hz and time 15.10 sec b- Temperature distribution profile along the line
A-A’
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Fig. 17 Phase image at 0.5 Hz frequency with the edge detection
filter and the morphological attribute profile and axes scales
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