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Identification of Adhesive Defects of Non-metallic Materials
Based on Infrared Non-destructive Testing

NIU Yi, GAN Lingtong, MAYun
(School of Safety Science and Emergency Management, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The debonding of non-metallic materials can affect their performance, and infrared non-
destructive testing can identify adhesive defects effectively. The boundary feature of adhesive defects is
first investigated in this study based on infrared non-destructive testing; subsequently, a quantitative
analysis method for identifying the boundary position of adhesive defects using the extreme value of a
temperature gradient is obtained. Next, the Canny edge detection algorithm is used to identify the defect
boundary of an adhesive defect model by numerical simulations and to identify experimental data
simultaneously. For problems such as blurred boundaries and noise for recognition results, an improved
algorithm for filtering out all “suspected boundaries” to preserve the “weak boundary” is proposed. The
results show that the improved Canny algorithm can improve the integrity and accuracy of identifying
adhesive defects from infrared non-destructive testing.
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Table 1 Material thermal property parameters

Thermal Heat
. Density/ . .
Material (ki conductivity/  capacity/
m
’ WIMEK)  (IkgK)
Steel 8030 16.27 502.48
PE 100 0.047 1380
Glue 1200 0.35 270
Air 1.225 0.0242 1006.43
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Fig.2 Surface temperature and temperature gradient distribution

curves of two-dimensional models
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Table 2 Comparison of simulated defect radius with actual

defect radius

Actual Defect Simulated .
Relative
defect boundary defect
error
radius /mm  temperature/K  radius /mm
10.0 318.26 9.0 -10.0%
20.0 318.47 19.0 -5.0%
30.0 318.53 29.0 -3.3%
40.0 318.58 39.0 -2.5%

1.2 SRpEBFIRANEE

AR ek P s FEE A SR o 120 T b s B B AB X — e 1
TRETfR 1 7 A2 ) IR PR A FEE A A S B mT SR 3 SR
HH T~ Canny 121 Gl S0 1 JE 38 TH B 3 IR B2 R
/N T7 10 J SR FH AR R AR 00 61 0 X R0 oK 25 Bk i A
2 AR B TR s T, 3 5 0 R R R A M SR T
BRbE I T R, I SR Canny JU 4046
SRR A A 2 TR B2 0 A EAT R P TR0

RIS UEAS H Canny 32 2 e I 80925 mT 75 126 HH i FE A
FERAA R AT 5E, ASCE JaFIFH CFD ik o A i
i F = R AT I00E . @SS IR A R R K T
TETAR BB 1) = e, &) 3(a) il ik =4 il .
PP RIS R T RS i 3(b)Frs, K EAR @
N 40 mm, [EFEGK LA 30 mm. £ CFD Jifk
IINTEAE, Fal B A A BRI RS AR T — 5,
BENNE 4 s ER IR E S Mo B, SGRER
FE SR BRI 2R T A7 A R 30 ) e i Xk, (B Te i

Hff 72 AL BRI S AL B

X AT — B ik A BRAS 20 40 18] 5 BT B R T
FEMSRE A 2 I . BRIEFERA B S i 2k B vl &, R
B XS K Kl ” R, TEBRPEIL AL TE R “ 1l
B, BB A SRR T AR IR BB . 6T R
B3 P IR BT 2 A 8 A8 B Canny B3k 0EAT 6, 753420
Bl 6 Fron sk iaid At sS4 . 8T Canny HES 2T
R 20 i LA D DX 3k T AR 5 52 o i B TR AR 3R AT %
b, Wik 3 fin. 4558 Canny I ZAG A 1
(1% 5k B 22 5 B B sk P X 3 T A 5 5 o i o I 3k 1o A5

ARV
T
P B o Bma ]
wr—p- —;c:'“::' §
e = 3
: — =30
() TR b ) = HEASE 7Y (b) B R

(a) 3D model of a test piece containing
a paste defect
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Fig.3 3D model test piece and its defect size
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Fig.4 Surface temperature distribution of a three-dimensional

model
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Fig.5 Contour map of temperature gradient distribution of 3D
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Fig.6 Defect identification result based on Canny algorithm
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Table 3 Comparison of simulated defect area with actual defect

y/mm
8 8
y/mm
s 3

area
Defect Actual defect Simulated defect Relative
type area/cm? area/cm? error
Circular 12.56 12.46 -0.80%
Square 9 8.56 —4.89%
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Fig.9 Contour map of surface temperature distribution of
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Fig.10 Contour map of the surface temperature of the sample
after noise reduction treatment
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Table 4 Comparison of defect area detected by algorithm and

actual defect area

Defect Actual defect ~ Simulated defect Relative
type area/cm? area /cm? error
Defect 1 3.14 3.4 8.3%
Defect 2 12.56 11.81 —6.0%
Defect 3 4.0 2.63 -34.3%
Defect 4 9.0 6.07 -32.6%
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