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Abstract \‘% ’

Surface micro cracks are easy to produce in Hezpxeparation
metal material, which impacts on the safe oper of me

spot excitation and infrared thermal imaging<technology ar bined to detect metal
surface micro-cracks. The working princip %&ser infraked thermal imaging detection
technology was described. The three diﬁ% nal heat M uction model of pulsed laser
excitation flux transfer in metal plate

tabli e@nd calculated using finite element
method (FEM). The results sh?ﬂ er %g n the image is a “D” shape. There
the sou

dservice process of
onents. Pulsed laser

are temperature differences pe regions and defective regions, and the
defects experiences the proceSsaof obscurg. gradually clear, and gradually obscure.
Pulsed infrared thermogr sequence rocessed by polynomial fitting method, and
the coefficient images.@ively i e the contrast between defective and non-
defective areas, WN?‘\'& neficial{o tie determination and of recognition micro cracks.
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1. Introduction @J

Surface micro %are easy to produce in the metal preparation process, due to the
processing techr@ heat treatment environment, etc. And in the installation and service
process of @ rts, surface micro cracks are also easy to produce, due to a variety of
K temperature, chemical corrosion, load. Microcracks tend to expand and
ng a macroscopic crack, may eventually lead to the fracture of metal parts.
, in order to ensure the safety and reliability of metal components, whether in
the ufacturing or service period, it is necessary to monitor the metal status [1-5].
ith the development of modern science and industrial technology, nondestructive
detection technology has become the necessary method to guarantee the quality of
products and the safe operation of equipment. At present, metal surface micro-cracks are
usually detected by acoustic emission testing, ultrasonic testing, radiographic testing,
magnetic particle testing, penetrate testing, and eddy current testing methods. The
traditional detection technology has achieved good results in the detection of metal
components which has low intensity, and improved product quality, reduced production
cost and improved the social benefit of products [6-11].

The infrared thermal wave nondestructive detection technique (IR TNDT) is a new
nondestructive testing method. Compared with the conventional detection technology, IR
TNDT has many advantages, such as a large detection area, high detection speed, non-
contact, easy to use, safety, intuitive and simple operation, so it get more and more
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extensive research and application [12-17]. The laser has good monochromatic, strong
directivity, centralized energy and good coherence characteristics, and is easy to obtain
uniform temperature field. Therefore, pulsed laser spot excitation and infrared thermal
imaging technology are combined, forming a new nondestructive detection technology,
which is named as laser infrared thermal imaging detection technology to detect metal
surface micro-cracks.

2. The Working Principle of Laser Infrared Thermal Imaging
Detection Technology

The working principle of laser infrared thermal imaging detection technology is shown
in Figure 1. The tested specimen was excited by pulsed laser, and the surface ter%t%ne
changes with the thermal conduction of the flux. Infrared thermography of t egimen
surface can be captured by professional infrared cameras. If the spegi :?%’ontain
internal defects, the surface temperature distribution eﬁ%l.be affecte nd show

|eling

abnormally, thus we can detect the internal defects, i theirdo , shape and

size. Q V
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Figure 1. T ‘b’brking Principle of Laser Infrared Thermal Imaging
Detection Technology

3 Prese \%’n of the Heat Transfer Model

tl@section, the heat transfer model for crack defects of stainless steel detection is
hed. The geometric mesh model of the test specimens are shown in Figure 2.

Figure 2. Geometric Mesh Model of the Studied Samples
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Given (x, y, z) the Cartesian coordinates and (1, L, e) the length, width and thickness of
the studied sample, as shown in Figure 2, and under the assumption that transverse and
longitudinal conductivities are uniform in the sample, the following system (balance
equation, boundary and initial conditions) is obtained [10].

o°T o°T o°T _ _oT
x 2 A, y° 4, 222 _PC'E 1)

The front face net heat pulse flux and the rear face heat flux are established with regard

to the convection heat transfer.

A W = Q+h [T, =T (X, y,0,1)] 2.9)
2, w o= h [Ten =T (x,¥,0,0)] b)
Other boundaries are assun:ed to be insulated. Y’
2 oT(x,Y,2, t)| aT(x '8 %§ . 0@ 2.0
9 R
P aT(x,y,z,t)I __ oT( 2.d)

- YT y=0— Yy y@
distrib

The initial condition expresses the tempe the whole domain at the

time t=0.
T(XY,z2,1) \F(x y \f ©)
Where 4, , 4,, 4, are the t ST@: ductiv i:bn the x, y, and z directions, Q is the

heat distribution of the las m 5 JS rac function, h is the convective heat
transfer coefficient, and the a perature

The thermal phyaca@{ertles eters of stainless steel specimens and air gap
which simulate the efects hown in Table 1.

e 1. Th\& hysical Properties Parameters

\"
@ Specific heat CTZerm_al_ Thermal diffusivity
1 c[ikgC)] onauctivity ox10° [m?/s]
A[WI(mC)]

y7900 485 13.5 3.5234

Stainless ;te\?-r ) .
1.205 1000 0.025 20.747

S

Simulation

4.1 Temperature Distribution Caused by Laser Spot Source

The heat transfer FEM simulations have been done for stainless steel specimen size of
30mmx30mmx3mm with crack size of length 3mm, depth 1mm and width 0.1mm, laser
spot to the crack distance of 15mm, laser spot radius of 15mm, and laser beam power of
20 W.

Figure 3 shows the normalized temperature distribution of specimen surface at some
moments after the laser pulse excitation. It can be seen that thermal flow in the image as a
“D” shape, which is because of the heat blockage by the crack. It is found that there are
temperature differences between the sound regions and defective regions, and the heat
flux transverse diffusion occurs gradually with the proceeding of heat conduction, so the
defects experiences the process of obscure, gradually clear, and gradually obscure.
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Figure 3. The Normalized Temperature Distribution of Specimen Surface: (a)
t=0.005s, (b) t=0.05s, (c) t=0.1s, (d) t=0.5s, (e) t=1.0s, (f) t=1.5s, (g) t=2.5s,
and (h) t=3.0s
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4.2 The Effect of Laser Beam Power

Figure 4 shows the temperature rise at the laser spot center caused by laser beam power
of 10 W, 20 W, 30 W, 40 W, 50 W and 60 W. From Figure 4, it can be seen that, the
temperature rise more with the rise of laser beam power. It means that the cracks can be
more easily detected when using big laser beam power. However, over heat may lead to
the ablation of the specimen surface. Usually, when small laser beam power is used, in
order to improve the signal to noise of defects, some processing algorithms can be used to
the pulsed thermography sequence.
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Figure 4. The Tempera ur &s%at e%h er Spot Center Caused by
Laser Power
5. The Processing of 'laermo s@; equence
Set the analy5|s tT samplln guency 200Hz, then a thermography sequence

was got which i |nc O pie f infrared images. From Figure 3, it can be seen that

g, Ot pulseoﬂ@ s a certain influence on the discrimination of metal

aser in@thermography sequence was processed using polynomial
fitting time differen{zg ethod. Use the polynomial model shown in equation (4),

according to the quare criterion, polynomial coefficients of every pixels were
obtained, and fo ntensity images

T=ct"+ct"'+...+ct+c,, (4)
Polyn fitting is a smooth operation, polynomial coefficients can be used to
recave( the original image sequence without high frequency noise. The 580 pieces of
i images at the cooling stage were processed using 5 order polynomial fitting
methed. The polynomial fitting coefficient images were shown in Figure 5 (a) ~ (f). From
Figure 5, it can be seen that compared with the original infrared images, the polynomial
coefficient images effectively improves the contrast of defective and non-defective areas,
which is beneficial to the determination and recognition of micro-cracks.
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. @ )
Figure 5. The Pol &al Fitting Coefficient Images: (a) Constant, (b) First-
Order, (c) Se -Order, (d) Third-Order, (e) Fourth-Order and (f) Fifth-

Order

6. Conc@%ﬁ

I@Iaser spot excitation and infrared thermal imaging technology are combined,
f@ a new nondestructive detection technology, which is named as laser infrared
therrial imaging detection technology to detect metal surface micro-cracks. The working
principle of laser infrared thermal imaging detection technology was described. The three
dimensional heat conduction model of pulsed laser excitation flux transfer in metal plate
was established, and calculated using FEM. The results showed that, thermal flow in the
image is a “D” shape, and there are temperature differences between the sound regions
and defective regions, and the defects experiences the process of obscure, gradually clear,
and gradually obscure. Pulsed infrared thermography sequence was processed by
polynomial fitting method, and results show that the coefficient images effectively
improve the contrast between defective and non-defective areas, which is beneficial to the
determination and of recognition micro cracks.
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