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h i g h l i g h t s

� The heat transfer model has been built and solved.
� Experiments were performed on the built pulsed thermography system.
� SBIM, PPT and TtLFM algorithms are used to process the thermal wave signals.
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a b s t r a c t

An investigation on SiC coated carbon–carbon (C/C) composite plates has been undertaken by pulsed
thermography. The heat transfer model has been built and the finite element method (FEM) is applied
to solve the thermal model. The simulation results show that defects with DA/DP smaller than one can
hardly be detected by an infrared camera with the sensitivity of 0.02 �C. Certificated experiments were
performed on the built pulsed thermography system. The thermal wave signals have been processed
by subtracting background image method (SBIM), pulsed phase thermography (PPT), and temperature–
time logarithm fitting method (TtLFM). The limit DA/DP of defects in SiC coated C/C composite plates
with the thickness of 6 mm that can be detected by pulsed thermography with the presented signal anal-
ysis algorithms has been obtained.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, the study of SiC coated C/C composite materials
has been of great interest owing to their widespread applications
in thermal protection system. However, despite theoretical suppo-
sition concerning their uniformity in structure and form, flawless
manufacturing techniques are rarely achieved [1–3]. The delami-
nation is one of the most significant damages, which greatly re-
duces the thermal protection performance of SiC coated C/C
composite [4,5]. Many nondestructive testing and evaluation
(NDT&E) techniques have been used for delamination inspection
and failure analysis of the thermo structural composites. Consis-
tent improvements in infrared camera technology, coupled with
the evolution of the personal computer and the standardization
of protocols and hardware for high-speed data transfer between
camera and computer, have enabled significant growth in the

acceptance and implementation of infrared thermography as a
nondestructive testing method [6].

Pulsed thermography (PT) is a popular stimulation method in
infrared thermography whose protocol consists of pulse heating
the specimen and recording the temperature decay with an infra-
red camera. One reason for the popularity of PT is the quickness
of inspection, relying on a short thermal stimulation pulse with
duration ranging from a few milliseconds for high-conductivity
material (such as metal) to a few seconds for low-conductivity
specimens (such as plastics, graphite epoxy laminates). A sche-
matic representation of the method is given in Fig. 1. The temper-
ature of the material changes rapidly after the initial thermal
perturbation because the thermal front propagates, by diffusion,
under the surface and also because of radiation and convection
losses. The presence of a defect reduces the diffusion rate so that
when observing the surface temperature, defects appear as areas
of different temperatures with respect to a surrounding sound area
[7–9].

In the present work, the aim of this investigation focuses on the
building and solving the thermal model of SiC coated C/C compos-
ite materials under heat pulse excitation. In order to certificate the
simulation results, experiments were performed on the built

1350-4495/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.infrared.2013.05.004

⇑ Corresponding author at: School of Mechatronics Engineering, Harbin Institute
of Technology, Harbin 150001, PR China. Tel.: +86 451 8640 3380; fax: +86 451
8640 2755.

E-mail addresses: tangqingju@126.com (T. Qingju), bcw007@126.com
(L. Junyan).

Infrared Physics & Technology 60 (2013) 183–189

Contents lists available at SciVerse ScienceDirect

Infrared Physics & Technology

journal homepage: www.elsevier .com/locate / infrared

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.infrared.2013.05.004&domain=pdf
http://dx.doi.org/10.1016/j.infrared.2013.05.004
mailto:tangqingju@126.com
mailto:bcw007@126.com
http://dx.doi.org/10.1016/j.infrared.2013.05.004
http://www.sciencedirect.com/science/journal/13504495
http://www.elsevier.com/locate/infrared


pulsed thermography system. Signal analysis algorithms are ap-
plied to process the thermal wave signals in order to improve the
signal-to-noise ratio. And the limit DA/DP of defects in SiC coated
C/C composite materials that can be detected by pulsed thermog-
raphy with the presented signal analysis algorithms has been
obtained.

2. Presentation of the heat transfer model and FEM simulation

2.1. Presentation of the heat transfer model

In this section, the heat transfer model for defects of SiC coated
C/C composite detection is established. The relatively uniform SiC
layer on the surface of C/C composite is with a thickness of 150–
200 lm. Fig. 2 shows the geometry of the test specimens which
contain discontinuity defects used in this investigation as well as
the defects size are listed in Table 1.

Given ( x, y, z) the Cartesian coordinates and ( l, L, e) the
length, width and thickness of the studied sample, as shown
in Fig. 2, and under the assumption that transverse and longitu-
dinal conductivities are uniform in the sample, the following
system (balance equation, boundary and initial conditions) is
obtained [10].
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The front face net heat pulse flux and the rear face heat flux are
established with regard to the convection heat transfer.
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The SiC coated C/C composite domain is assumed to insulate
heat flows on the other boundaries.
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The initial condition expresses the temperature distribution in
the whole domain at the time t = 0.

Tðx; y; z; tÞjt¼0 ¼ Tðx; y; z;0Þ ¼ Tam ð3Þ

where T (x, y, z, t) designates the temperature of the pixel at location
(x, y, z) at time t; kx, ky, kz are the thermal conductivities in the x, y,
and z directions; q and c are the mass density and specific heat,
respectively; Q is the pulse intensity; d(t) is the Dirac function; hf

and hr are the convective heat transfer coefficient of the front and
rear face of the specimen; Tam is the ambient temperature.

Fig. 1. Schematic representation of pulsed thermography.

(a) (b)
Fig. 2. Geometric model of the studied samples: (a) 3D model and (b) 2D model.

184 T. Qingju et al. / Infrared Physics & Technology 60 (2013) 183–189



Download English Version:

https://daneshyari.com/en/article/8147148

Download Persian Version:

https://daneshyari.com/article/8147148

Daneshyari.com

https://daneshyari.com/en/article/8147148
https://daneshyari.com/article/8147148
https://daneshyari.com

