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Fig. 1. Schematic diagram of transmission pulsed ther-
mography.
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Fig. 2. Theoretical temperature rise curve of trans-

mission pulsed thermography.
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Fig. 3. (color online) The comparison of raw data and
fitting curves for thermal diffusivity of stainless steel
304 under the condition of different data fitting length.
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Fig. 4. (color online) The comparison of raw data and
fitting curves for thermal diffusivity of stainless steel
304 under the condition of different data fitting length

(rescaled abscissa for Fig. 3).

188702-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 188702

B 3 RN 4 Hp AN )BT ) B2 D D R s i AR A
(4) AT AL A, SKE w, B3 2 P B R
. A FEHE K A1 B Y8R BUE S
WIRZEWMR1FTH. MR 1T LLE 2, S iA HdE
K FE KT 35 T2 i e, KX T E R
M AR TS, PE AR EA 2 1%, 215
K BE M 45 (12 it (Al A AR LA R
3%. AH 4900 E B K BRI B 1/2 B2 m i A
R ARG, PR DU AR 2R LA TV I B
P AN LA ], iR LA SR K TS
T4 i (] 3% A Y e e R) V2 B 7 (]
1/5.

F1 BRI A, B I BRI R T %

Table 1. Variance diffusion values of the carbon-

carbon samples.

AEKE L& {E/mm?2.s~1 w7/ %
4ty 3.6686 0.23
3 t1/a 3.6708 0.30
2 Xty 3.6723 0.34
1% )2 3.6416 ~0.50
0.8 % t1 2 3.5851 —2.05
0.5 % t1 /2 3.1552 —13.79
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Fig. 5. Diffusivity image of stainless steel 304.
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and fitting curves of 6 carbon-carbon samples.
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Fig. 7. The diffusivity images of A-side of carbon-carbon samples.
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Fig. 8. The diffusivity images of B-side of carbon-carbon samples.
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Table 2. Mean values and standard deviation of diffusivity of the carbon-carbon samples.
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$50-3 5.06 5.19 5.12540.065(1.3%) 7.90 7.95
$50-5 6.95 6.88 6.915+0.035(0.5%) 4.72 4.31
$50-10 5.73 5.45 5.59+0.14(2.5%) 5.25 4.73
$50-15 6.18 6.17 6.175+0.005(0.1%) 5.93 5.14
$50-20 6.10 6.01 6.055+0.045(0.7%) 3.52 4.55
$100-5 5.79 5.47 5.63+0.16(2.8%) 2.31 2.57
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Abstract

In order to measure diffusivity of carbon/carbon composite, a nonlinear fitting method for data processing of
transmission pulsed infrared thermography is proposed. It is a kind of method of comparing the experimental data with
the theoretical values under a fitting parameter and obtaining the optimal result by an iteration method. Traditional
half rise time method calculates the diffusivity through searching the half maximum temperature rise time, which is very
difficult when a long capture time is required or a big temperature rise is needed. Unlike the traditional half rise time
method, the nonlinear data fitting method can effectively eliminate the capture time restriction and weaken the bad-
signal-to-noise ratio effects. Before applying this method to carbon/carbon composite examination, a common stainless
steel 304 specimen that has reliable diffusivity indicated in the literature, is employed to evaluate the measurement
accuracy and confirm the effect of fitting length on the fitting results. The examination results illustrate that the
measurement accuracy of stainless steel 304 is as high as 0.3%, and the influence is very small if the fitting data length
keeps no less than 1/5 that of half rise time method (t1/2). Specifically, the fitting result changes less than 1% when
the fitting length varies from 1 to 4 times of ¢;,,. With this evaluation result, the nonlinear fitting method is further
applied to testing 6 carbon/carbon composite specimens from both sides of each specimen. Furthermore, the diffusivity
differences among the specimens and the uniformities of the materials are analyzed through the thermal diffusivity results
gained from the examination. The results demonstrate that average diffusivity values of both sides are similar, but the
diffusivities among the specimens are different greatly. Of the diffusivities of specimens, the diffusivity value 5.125 is
the smallest, while the diffusivity value 6.915 is the biggest. The gap between them is nearly 30% of their mean value.
Some nonuniformity areas are also examined from the diffusivity images of carbon/carbon composite samples. So we can
obtain not only diffusivity values but also uniformity information of the carbon/carbon composite from this nonlinear
fitting transmission thermography examination.

Keywords: nonlinear data fitting, transmission pulsed thermography, carbon/carbon composites,

diffusivity measurement
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