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Evaluation of Thermal Aging Degree of Polyethylene Based on Ultrasound
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Abstract: Aging conditions of polyethylene (PE) pipes aged at 80 °C for different times (120, 240, 360 h)
were analyzed by change of impact strength. The ultrasonic velocity spectrum and attenuation spectrum of different
thermal aged samples were obtained by short-time Fourier transform (STFT), and then the relationship between
the ultrasonic velocity, the attenuation coefficient and the impact strength was established. The relative impact
strength of polyethylene was calculated to evaluate the aging degree. The results show that with the extension of
thermal aging time, the impact strength. ultrasonic velocity and attenuation coefficient of polyethylene decreased.
The relationship between impact strength and ultrasonic velocity, and between impact strength and attenuation
coefficient satisfied a certain quadratic function. The relative errors between the impact strength calculated by the
ultrasonic velocity or by the attenuation coefficient and the test result were both below 2%, indicating that the
thermal aging degree of polyethylene can be non-destructively evaluated with ultrasonic parameters.
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Fig.1 Shape and size of impact specimen
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Fig.2 Ultrasonic testing system for polyethylene pipe
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Fig.3 Time-amplitude spectra of ultrasonic pulse signal of
polyethylene after STFT with different window functions
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Table 1 Impact properties of samples aged at 80 C for

different times

Z AL ] /h i g /] w g/ kJem %)
0 0.493 15.42
120 0.475 14.85
240 0.443 13.84
360 0.404 12.61

22 BEAEESZERIZ

SR L 2 BT 7 4G 0 24 45 3] AN [] B[] 34 £k
5 R 0 88 75 Bk of {5 5, SR SR W 4, DA
24k 360 h (R RE Sy ] 150 W 7S RS S O R DR 1Y
AW RFADLT % B 4 (D AR kB L AR
e, A5 2 8 Bk (- s -0 - (E Y OC R B, I
i JCE AN [ 8 5 0 % 114 s R (3% DL 5, FE
5(b) I 45 BUWR L f R 06 R A A TR DA B R P — K
[ 3 R R T 30 o A e KA AR AR (3) () s
THEAS B8 P Il A 1R o A% 9 I ) 7 P R R U
FRB DT A 2188 7R R S 5 i .

3

6 12 18 24
i [A)/us
(b) 120 h

6 12 18 2.4
i A)/us
(d)360h

E4 780 CTEZUARNEINERENERKBES
Fig.4 Ultrasonic pulse signals of samples before (a) and after (b—d) aging at 80 C for different times
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Fig.5 STFT results of ultrasonic pulse signals of sample aged at 80 ‘C
for 360 h: (a) time-frequency-amplitude relationship and

(b) time-amplitude spectra at different frequencies
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Fig.6 Ultrasonic velocity spectrum (a) and attenuation spectrum (b)

of samples aged at 80 C for different times
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Fig.7 Curves of impact strength vs ultrasonic velocity (a) and

vs attenuation coefficient (b) of polyethylene
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Fig.8 Ultrasonic velocity spectrum and attenuation

spectrum of sample aged at 80 C form 180 h
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