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Debond in Small Curvature A dhesion Structure

Detected by Thermal Wave Nondestructive T esting
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Abstract: Based on thermal wave nondestructive technique, the small curvature adhesion structure
with debond defects between steel shell and rubber insulation layer was investigated. For the problem
of nomuniformity, high noise and low display contrast of the infrared images obtained by the infrared
thermal camera, self-adaptive filtering and watershed segmentation algorithms were used to enhance
the image quality and segment the defect from the background. Finally, the defect location, size and
depth were estimated quantitatively. The results show that thermal wave technique has a high inspee-
tion speed (several seconds), locates defect exactly and has intuitionistic inspection results. It is also
very applicable to small curvature adhesion structure. Debond with diameter of 15mm at the depth of
4mm is easy to be detected, which could satisfy the inspection requirement for solid rocket motor
(SRM). The bigger of the debond area, the easier to be detected and also the less of the error for est+
mating defect size.
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Fig. 1 The principle sketch map of thermal wave method
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debond defects ( specimen 2)
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Fig.3 Stell shell and insulation layer with

(a) the front surface; (b) the back surface
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Fig.4 Thermal image contrast before treatment
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Fig.5 Serial thermal images of specimen 1 surface
temperature at different time
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Fig. 6 Thermal image of specimen 2 surface temperature ( a)

and defect contrast enhancement effect (b)
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Fig. 7 Surface temperature vs time

between defect and sound area
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Fig.9 Results of several filter methods
(a)the raw image; (b) median filtering; () average
’ ’ filtering; (d) selfadaptive filtering
2
4.2 HfEH#E
2 2
0.45
© 040F —o—Begectgiameter 2gmm
~ —a— Defect diameter 16mm
g 035 ﬁ —vw— Defect diameter 15mm 9( d) ) 10
§ 030
0
g 025
S
2 020
=
s 015
£ 0.10
g0
= 0.05 o
00% L N . N i " 100 200 300 4(;(])”0"”5
0 02 04 06 08 1.0 1.2 1.4 ’ X-direction / pixel -
Time /s
10 (3)
8
_ _ (b)
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1
Table1 Estimating parameters for defects and

contrast with the real values

Diameter Area Perimeter Defect
Defect
/ mm / mm? /mm location
Real value 15 176.7146  47.1239 (70.8, 106)
Estimation value  12.58 117.6194  32.8378
) Real value 16 201.0619  50. 2655 (231, 100)
Estimation value 13.465  134.6513 41.0811
Real value 20 314.1593  62.8319 (149, 103)
Estimation value 19.83 292.2237  65.2703
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