Fa1E FHI3W
201943 H

\Vol.41
Mar.

AP INE S P S
Infrared Technology

No.3
2019

R RILIIN it BRI BB 5T

H E, 5 =, FHH, K &
(R TR ¥ S TR, Wdt R 430070)

HE: AR ANSYS M@ —4%. Z4F 2B ERESIUMEA, RALZIIRBEENBR, o
BAT R R GG B M 32, EHBRE —E, FTRGRBEEMERAET, 480G FELE
MEREIRE, FUHERENE. SMEERESHBEEZMLEZNXR, REAEHBRERMEE
W77k, B IMAMMNBRGENE, B ZEHEPER, B - EHEPE L G5 RIGL R R E
EETATHE. EREN: ESB¥E—Ee, GBEEEREMEEEELAEXR; BEFEAT 10
mm, GRS RS A AR RS ENALE S S R AR
XHER: iR EeR; B BREME

FESES: TN215 XHEFRIZES: A Y E%S: 1001-8891(2019)03-0214-06

Modeling and Numerical Analysis of
Infrared Nondestructive Testing of Non-metallic Materials
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Abstract: Two-dimensional and three-dimensional unsteady heat conduction models were established. The
infrared heat source was used as the excitation, and ANSYS was used to simulate the nondestructive testing
process of non-metallic materials. Under the condition that the defect depth was certain and the thickness
and area of the defect were different, the surface temperature of the non-metal material was obtained by
two-dimensional simulation, and the temperature gradient was calculated. The relationship between the
temperature gradient and the thickness and radius of the defect was analyzed. The method of determining the
boundary and thickness of the defect was put forward. Three kinds of irregular-shaped defects were
established. The feasibility of the method for determining the boundary and thickness of the defect was
verified by the three-dimensional simulation results. The results showed that the defect thickness had a linear
relationship with the peak temperature gradient when the defect radius was fixed, and the defect radius was
greater than 10mm. The defect thickness was similar to the temperature gradient, and the position of the peak
temperature gradient was similar to the defect boundary.
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Fig.1 Heat transfer diagram of defect-free and defective
specimens
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Table 1 Material thermal property parameters

. Density/ Thermal Specific heat
Material 5 o , .
(kg/m®) Conductivity/(W/(m=-K)) capacity/(J/(kg-K))
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.3 Surface temperature distribution curves and temperature gradient of test specimen under different conditions
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Table 2 Comparison of calculated defect radius and actual

defect radius

Actual defect Calculated defect

Relative error

radius/mm radius/mm
5.0 4.0 —20.0%
10.0 9.0 —10.0%
15.0 14.0 —6.7%
20.0 19.0 —5.0%
30.0 29.0 —3.3%
40.0 39.0 —2.5%
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Fig.4 Defect radius and temperature gradient peak curves
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Fig.5 Defect thickness and temperature gradient peak curves
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(a) Defect 1 Surface temperature gradient cloud and contour plot of test piece at different thicknesses
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(c) Defect 3 Surface temperature gradient cloud and contour plot of test piece at different thicknesses
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Fig.8 Surface temperature gradient cloud map and contour map of three kinds of defect specimens
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Table 3 Comparison of calculated defect thickness and true

values

Calculated defect
thickness H/mm

Actual defect
thickness H/mm

Relative error

0.142
0.224
0.371
0.462

0.125
0.25
0.375
0.5

13.6%
—10.4%
—1.1%
—7.6%
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Table 4 Comparison of calculated area of defects and actual area

Calculated Actual area  Relative error
area/cm’ Jem?
3.02 243 24.3%
6.46 5.78 11.8%
11.43 10.57 8.2%
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