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Ageing Life Evaluation on Nuclear Cables Basing on
Varying Activation Energy

WANG Lei', ZHAN Yingjie’, YUN Hao', WANG Liang', ZHANG Yizhou'
(1. China Nuclear Power Operation Technology Corporation Ltd., Wuhan 430223, China;
2. Huaneng Shandong Shidao Bay Nuclear Power Co., Ltd., Weihai 264300, China)

Abstract: A series of accelerated thermal ageing tests were conducted on some nuclear cables. On the basis of
Arrhenius model, the apparent activation energy of nuclear cable materials was obtained using the elongation at
break method and the dielectric loss spectrum method, and the effect of activation energy variation on the ageing
life evaluation of nuclear cable materials was studied. Then the thermal ageing reference curves of nuclear cable
materials were developed on the basis of fixed activation energy and varying activation energy, respectively, and
verified by experiments. The results show that the apparent activation energy decreases gradually with the ageing
of cable materials. A small change of apparent activation energy will have great impact on the life evaluation of ca-
ble materials. The thermal ageing reference curve on the basis of varying activation energy is more consistent with
the actual ageing trend of cable materials, which can be used for the ageing life evaluation of nuclear cable materi-
als.
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Tab.1 Elementary reaction process in

aerobic environment
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Fig.1 Elongation at break over time of cable sheath at
different temperature
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Tab.2 Activation energy of cable sheath under

different ageing conditions

W7 2 K 22 /% E/(kJ/mol)
101 109.909
102 110.112
109 111.543
110 111.754
119 113.739
120 113.969
129 116.022
130 116.237
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Fig.2 Dielectric spectra response curves of cables at

different temperatures
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Fig.3 Calculation result of cable dielectric loss
temperature compensation factor formula
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Tab.3 Activation energy of cable insulation under
different ageing conditions based on dielectric loss test
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Tab.4 Oxidation-induced temperature of cable insulation
under different ageing conditions

R AR AT SR C
#MEoh 276.7
135°C F #2212 h 254.7
135°C F#Z 1481 h 228.0
135C F #1638 h 221.4

IEREARS R/ A BN A/ C AL RE/(kI/mol)
768.00 50~100 81.26
974.75 50~100 81.90
1364.57 50~100 75.04
1631.07 50~100 59.53
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Fig.4 SEM image of cable insulation surface before and

() EALHT

after thermal ageing
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Fig.5 Cable ageing reference curve based on

fixed activation energy
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Fig.6 Cable ageing reference curve based on

varying activation energy
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Tab.5 Thermal ageing reference curve deviation at 135°C
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