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Analysis of factors influencing terahertz time-domain spectroscopy measurements
of thermal barrier coating thickness
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Abstract: To investigate the feasibility of applying the terahertz time-domain spectroscopy (THz-TDS) thickness measurement
method for thermal barrier coatings in automated profiling inspection, and to understand the influence of factors such as
measurement incidence angle, lift-off distance, coating refractive index and substrate curvature on thickness measurement results,
theoretical analysis and experimental studies based on various test blocks are conducted. The results demonstrate that when the
incident angle varies with in the range of —3° to +3°, the relative deviation in thickness measurement compared to the zero-angle
condition is within 0.5%. Variations in lift-off distance within £1.5 mm result in a relative deviation within 2.6% compared to the
focal position. The refractive indexs of coatings show notable variations across different sample batches, with the maximum relative
deviation exceeding 6% among ten tested samples. However, the refractive index remains highly consistent across individual

samples, with relative deviations largely within 2%. Experiments on curved substrates with diameters of 5 mm and 6 mm reveal that
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while substrate curvature reduces the maximum amplitude of the reflected wave, it does not affect the accurate identification of the

time-of-flight. In summary, the THz-TDS thickness measurement method demonstrates feasibility and significant engineering

application value for automated profiling detection of thermal barrier coatings on blades.

Key words: terahertz; thermal barrier coating; thickness measurement; non-destructive testing
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Fig. 1 Terahertz wave propagation path in thermal
barrier coatings
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Fig.2 Terahertz wave signal from top coating in time domain
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Fig. 3 Photograph of test samples and measurement points  (a)flat surface samples; (b)curved surface samples
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Table 1 Main performance parameters of terahertz spectrometer CCT-2800 and sensor head
Bandwidth/ Delay/ Len focal Spot diameter/ Spot diameter Focal length Minimum time
THz ps length/mm mm in =6 DB/mm in =6 DB/mm resolution/ps
0.1-4 54 74.5 3 1.4 6.8 0.0067
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Table 2 Relative deviation induced by variation in incidence
angle a

Angle of incidence, o/ (°) Relative deviation, m/%

1 0.0008
5 0.0196
10 0.0780
30 0.6520
38 0.9935
60 1.9951
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Fig. 5 Effect of incident angle variation on detection signals
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Table 3 Effect of lift-off distance on maximum amplitude of
the reflected signal from a metal plate surface

H/mm Peak value of echoed signal, U /V
-2.5 1.21
-1.5 1.60
-0.5 1.88
0 1.93
0.5 1.90
1.5 1.61
2.5 1.17
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Table 4 Effect of lift-off distance variation on A¢

H/mm At/ps Deviation, a/ps
-2.5 1.93 +0.03
-1.5 1.95 +0.05
0.5 1.95 +0.05
0 1.9
0.5 1.93 +0.03
1.5 1.9 0
25 1.85 —0.05
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Fig. 6 Automatically calculated ceramic layer thickness of the coating cross-section at measurement points

(a)cross-sectional SEM image of TBC; (b)image mask from automated thickness measurement algorithm
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