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Abstract: Multilayer bonding structure is widely used in aerospace field, and its bonding strength is the key
factor to ensure engineering safety. Different terahertz time-domain spectroscopy parameters such as time-of-
flight, energy and amplitude were used to characterize the uniformity of the adhesive layer of multilayer bonding
structure, and then evaluate the bonding quality of multilayer bonding structure materials. The uniformity of the
adhesive layer was qualitatively analyzed by the terahertz time-domain spectroscopy time-of-flight imaging
method. The relative standard deviations of flight time of four experimental samples are 8.78%, 8.09%, 7.30%
and 9.57% respectively; Using the energy integration information of terahertz time-domain spectroscopy, the
kurtosis and skewness of the energy integration curve were used to qualitatively analyze the uniformity of the

adhesive layer. The energy standard deviations of four experimental samples were 0.95, 0.9, 0.71 and 1.01,

Wis HEA: 2021-06-28;  1&iT HHB:2021-10-25

EETR: H AR R B IRS 6 SRF AR H (20191004022TC); KFRH T R AFEQIE#£ 4 (XIILG-2018-19)
EZBN: THRKR, 5, Wi, 82 TCHa I 5 T 5T .

SURGEBIIEE) B 001, B, PRI, 80425 S0, 14, T R4 TCAR Gy 1 AR5

20210430-1



ISk A2

% 64

www.irla.cn % 51 %

respectively; In addition, according to the amplitude characteristic information of terahertz time-domain

spectroscopy, the uniformity of adhesive layer was quantitatively characterized by amplitude dispersion

coefficient. The results show that the time-of-flight, energy integral and amplitude of terahertz time-domain

spectroscopy can be use to quantitatively evaluate the adhesive layer uniformity of multi-layer adhesive

structures. This method can provide a reliable means for evaluating the adhesive strength of multi-layer adhesive

structures.
Key words: uniformity of adhesive layer thickness;

energy integral;  amplitude
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Fig.1 Schematic diagram of terahertz time-domain spectroscopy system
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Fig.2 Schematic diagram of multiple bonding structure and terahertz

time-domain waveform
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Fig.3 Schematic diagram of flight time at different positions of upper

adhesive layer
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Fig.4 Flight time of difference imaging of different experimental samples
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Tab.1 Relative standard deviation of flight time of

different experimental samples

Sample number 1 2 3 4

Standard deviation of flight time 8.78% 8.09% 7.30% 9.57%
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Fig.6 Energy integration imaging of different experimental samples
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Fig.7 Energy integration curves of different experimental samples
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Fig.9 Amplitude imaging of different experimental samples
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Tab.3 Amplitude dispersion coefficient of different

experimental samples

Sample number 1 2 3 4

Amplitude dispersion coefficient ~ 0.60  0.58  0.52  0.63
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