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Abstract

XLPE cables are widely used in the power system; the aging behavior of XLPE cable insulation be-
comes the bottleneck of long-term safe operation of the power system. The urgent need is to study
the law and mechanism of aging. Although the XLPE has good heat resistance and electrical prop-
erties, in actual long-term operations, cables are always under high temperature, physical and
electrical properties of the insulating material are slowly changed. This article did the heat aging
test of XLPE insulation material according to IEC 60287 Standard. With the help of nuclear mag-
netic resonance analyzer, the resonance peak integration area and longitudinal relaxation time
are selected as the feature quantities to characterize the degree of aging of the insulation. The
molecular structure of the insulation material is analyzed to obtain a more intuitive aging results
while taking advantage of differential scanning calorimetry analysis of the different thermal aging
of insulation material thermal performance analysis, determined the glass transition temperature,
crystallinity and crystallization rate as index of thermal performance analysis techniques.
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Table 1. NMR data of samples at 70°C
F+ 1 710°C T iR I IR

FE b I S THT R (pm?) W 1 THIRA (um?) I 1T1 (ms) W 2 THIFA (um?) I 2 T1 (ms)
JEA BRE 6791.94 2801.64 20.0663 3990.299 144.278
48h 6694.19 2758.66 20.0663 3935.53 144.278
96h 6516.09 2649.80 20.0663 3866.29 144.278
144h 6400.40 2596.01 20.0663 3804.389 144.278
192h 6195.11 2529.04 20.0663 3666.07 144.278
240h 5912.11 2382.16 20.0663 3529.957 144.278
Table 2. NMR data of samples at 90°C
= 2. 90°C T HE M AR B 1R
e WEE 58 THT A (um?) e 1 THI AR (um?) I 171 (ms) i 2 [ (um?) i 2 T1 (ms)
JRIGIAFE 6925.45 2831.30 20.0663 4094.15 144.278
48h 6778.97 2758.62 20.0663 4020.35 144.278
96h 6458.70 2472.21 20.0663 3986.49 144.278
144h 6189.34 2366.80 20.0663 3822.54 144.278
192h 5923.57 2342.82 20.0663 3580.76 144.278
2240h 5613.49 2202.65 17.7387 3410.84 127.542
Table 3. NMR data of samples at 110°C
= 3. 110°C T iR i L R B2
bl e . TRT A (m?) I 1 TR (pm?) I 1T1 (ms) W 2 THIAH (um?) I 2 T1 (ms)
JE AR RE 6925.70 2807.90 20.0663 4117.80 147.278
48h 6687.41 2663.40 20.0663 4024.01 147.278
96h 6393.06 2446.08 20.0663 3946.98 147.278
144h 6191.84 2387.71 20.0663 3804.13 147.278
192h 5861.67 2227.19 17.7387 3634.48 147.278
240h 5583.18 2156.29 17.7387 3426.891 127.542

Table 4. NMR data of samples at 130°C
7z 4. 130°C T A H IR $

M W B4 TR (um?) i 1 TR (um?) W 1T1 (ms) i 2 TR (um?) W 2 T1 (ms)
JR AR 6905.029 2815.12 20.0663 4089.90 144.278
48h 6671.09 2633.52 20.0663 4037.57 144.278
96h 6387.98 2553.57 20.0663 3834.42 144.278
144h 6084.16 2423.18 17.7387 3660.98 144.278
192h 5786.46 2359.99 17.7387 3429.47 127.542
240h 5786.46 2181.64 17.7387 3283.70 127.542
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Figure 7. Differential scanning calorimetry curve of the sam-
ples under 90°C after 48 h
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Figure 8. Differential scanning calorimetry curve of melting process after aging
testat 70°C
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Figure 9. Differential scanning calorimetry curve of melting process after aging
testat 90°C

E 9. 00 C T E A HE R ERITITIE
N
N\

A(W/E)
/

-3
=30 20 70 120
ETH & IREE(C) Universal V4.4A TA Instruments

Figure 10. Differential scanning calorimetry curve of melting process after ag-
ing test at 110°C
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Figure 12. Crystallinity curve and glass transition temperature curve of the samples under different temperatures
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