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Nonlinear ultrasonic evaluation method of silicone rubber thermal ageing
for cable intermediate joints
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Abstract: In order to evaluate the thermal ageing of silicone rubber for cable intermediate joint insulation layer, this paper
proposed an evaluation method based on nonlinear ultrasonic signal characterization. Firstly, a ultrasonic detection
simulation model of silicone rubber ageing was established, and tests were conducted on the real cable joint specimens with
different thermal ageing time at 200°C. Then the nonlinear ultrasonic detection was carried out at typical positions by using
wedge coupling method. Lastly, the correlation between the ageing time and ultrasonic nonlinear coefficient was verified
and the mechanism was explored. The results show that the experimental and simulation results are highly consistent in the
change trends of the characteristic parameters of transmitted wave signal in time-domain and frequency-domain.
Specifically, as the ageing time increases, the fundamental wave amplitude and the second harmonic amplitude both
gradually decrease, and the ultrasonic nonlinear coefficients gradually increase. Under actual ageing time of 480, 720, and
960 h, the relative errors between the ageing time of silicone rubber obtained by substituting the nonlinear ultrasound
coefficients obtained from the experiment into the fitting relationship equation and the actual ageing time are 1.58%~5.66%,
2.57%—6.66%, and 0.85%-4.75%, respectively, and the consistency between the fitted results and the actual ageing time is
better, which verifies the validity of nonlinear ultrasonic testing method in the assessment of thermal ageing damage of
silicone rubber.
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Table 1 Yeoh model parameters of silicone rubber samples

with different ageing time

ZAGE]/h C,yMPa  C,/(x10* MPa)  C,/(x10” MPa)

0 0.133 -8.44 2.98
120 0.158 -9.13 2.90
240 0.199 -9.35 2.85
360 0.245 -9.43 2.78
480 0.283 -9.55 2.65
600 0.312 -9.69 2.60
720 0.348 -9.72 2.58
840 0.397 -9.88 2.49
960 0.421 -9.97 2.42
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Table 2 Parameter measurement results of silicone rubber

samples with different ageing time

EALIT [E)/h i /(kg/m) FEPERE R/ MPa

0 1224 0.80
120 1220 1.10
240 1217 1.35
360 1214 1.55
480 1212 1.64
600 1209 1.78
720 1207 1.88
840 1205 2.04
960 1200 221
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Fig.1 Fitting structure of cable joint and cable body
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Fig.3 Comparison of excitation signal and received signal
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Fig.4 Ultrasound time domain waveform
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Fig.5 Transmitted wave signal spectra
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Fig.6 Change curve of ultrasonic nonlinear coefficient with
ageing time
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Fig.11 Transmission wave spectra of silicone rubber
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Fig.12 Test data and fitted curves
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Table 3  Error between the ageing time obtained from fitting

and the actual ageing time

S b LI I F5 G WA AL A AR
/h RH IR} ) /h 2%
0.069 2 462.8 3.75
0.065 0 455.7 5.06
480 0.068 3 452.9 5.66
0.072'5 458.8 4.42
0.075 3 472.4 1.58
0.1359 7425 3.12
0.1223 685.2 4.83
720 0.1147 672.1 6.66
0.1349 738.5 2.57
0.146 3 756.5 5.08
0.180 4 9225 3.90
0.185 8 943.6 1.71
960 0.1879 951.8 0.85
0.1999 997.9 3.94
02146 1005.6 4.75
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