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High-Precision Thermal Barrier Coating Thickness Measurement Method

Using Terahertz Time-Domain Spectroscopy Technology

HE Pu, ZHAQO Jiyuan

(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In terms of the problems of the standard test block method, such as the high cost of
making the standard test block, the complicated measurement process, and the inability to adapt
to the change of the refractive index of the thermal barrier coating after service, a thermal barrier
coating thickness measurement method based on terahertz time-domain spectroscopy is proposed.
Firstly, according to the propagation characteristics of terahertz waves in thermal barrier coat-
ings, a terahertz wave propagation model of thermal barrier coatings is established, and the rela-
tionship between the number of echoes and the phase of echoes of terahertz detection signals can
be obtained through the model. Then, a refractive index calculation model is established accord-
ing to Fresnel’s law and the interaction between the first three echoes of the terahertz detection
signal. Finally, according to the obtained refractive index and the time interval between two adja-
cent echoes, the time-of-flight method is used to calculate the thickness of the thermal barrier
coating. The feasibility and accuracy of the proposed method to measure the thickness of thermal

barrier coatings are investigated by several groups of experiments. The results show that com-
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pared with the standard test block method, the proposed method does not need the making of a

standard test block, and the refractive index and thickness of the thermal barrier coating can be

calculated at the same time based on the terahertz detection signal, thus realizing the efficient and

high-precision thickness measurement of the thermal barrier coating. The relative error of the

proposed method can reach 1.15%, which is 42. 5% lower than that of the standard test block

method.

Keywords: thickness measurement of thermal barrier coating; no standard test block; terahertz

time-domain spectroscopy; time of flight method
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Fig. 1 Terahertz wave propagation path in thermal barrier

coatings
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Fig. 3 Detection signal of thermal barrier coating obtained

by FDTD simulation

% 2 AFFDTDAy B4z 5043 54

Table 2 Calculation results based on FDTD simulation

signals

HIy n An/ % d/pm Ad/ %
1 3.959 5 —1.01 302. 48 0. 83

2 3.962 2 —0.95 302. 27 0.76

3 3.945 5 —1.36 303. 55 1. 18

4 3.936 1 —1.60 304. 28 1.43

5 3.940 9 —1.48 303. 91 1. 30

6 3.909 5 —2.26 306. 35 2.12

7 3.948 4 —1.29 303. 33 1. 11

S E{E 3.943 2 —1.42 303.73 1. 24
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Fig. 4 Working principle of reflective terahertz time

domain spectroscopy system




%563

Ay L S - SR P R A 2% I 3T 385 B AR 0 i S PR A e 0k )22 U JBE Oy 1k 17

S 55 5 R 25 v 3 AR A AR BUAR 5 BB A AL
BB CA/ D) Bt e B R 2215 5
4.2 IWHERERESN

A I ) A 3R BT 1 2 2 R AR R AR R 2%
S SHE 5 3 4 096 A Bl mi L A5 5 IO WniE 5
P om0 R R 25 A I 5 S A 1 Il
55 2 [ AR LA TR L 5 3 Tl i 558 1.5 2 Ik A
PEAHEC . 3 U B AHALIE R 54 1. 2 45 T ik AR ok
JZ HR R 2 AR 57 A2 A 5% 28 AR [] 15 W AR S A 7
IEIEBBLLI T BRI Z 450 B 8 S A
B LG 4 Sl BEAT 25 RAF HARAY BT

20

SR

iz 05 |

0.0 w
205 |

15 20 25 30 35 40 45 50 55 60 65

284

tlps
B5 R =OR b 2% i 806 3 R 40 R A i IR 5

Fig. 5 Time domain signals collected by reflective terahertz

time domain spectroscopy system
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Table 3 Calculation results based on the corresponding peak

and valley values of the experimental signal

Ay n An/ Y%
1 5. 54 —8.43
2 4. 16 —31. 24
3 24.76 309. 26
4 1.53 —74.71
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Table 4 Calculation results of the optimized experimental

model

HyF n An/ % d/pm Ad/%
1 5. 89 —1.34 308. 24 2.75

2 6.01 0. 67 302.29 0.70

3 5.39 —9.72 336. 84 12. 28
4 6. 66 11. 56 272. 60 —9.13
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