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Fig. 1 The composition of EPR insulated cable
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Tab.1 The structural parameters of cable specimen
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Fig. 2 The dimension of dumbbell specimens in the

laboratory
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Tab.2 The average measured values of moisture

contents of EPR insulated dumbbell specimens

in different immersed aging time

oK /d w/ % Rk /d w/%
0 0.13 16 1.25
2 0.25 24 1.85
4 0.53 32 2.41
8 0. 85
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Fig. 3 The tan & curves of EPR insulation material

with different moisture contents
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Fig. 4 The fitting curves of tan §at 1 X 10 2-1 Hz

on insulations
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Tab.3 The moisture contents of specimens and

integral values of tan & curves after

water-immersed aging

w/ % tan & MRF/ME (0
0.13 0. 144
0.25 0.178
0.53 0.405
0. 85 0.598
1.25 1. 216
1. 85 2.233
2.41 3. 878
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Fig.5 The fitting curve between the integral

values of tan & and moisture content
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Fig. 6 The tan & curves of insulations aged in dry

condition
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Fig. 7 The tan & curves of insulations aged under

water-immersed aging
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Tab. 4 Comparison of tan & at special frequency
after dry and water-immersed aging
A tan 0(50 Hz) Lot He
tan & FUAMA
IS 1]/ d
T 2K T4 2K
0 0.032 0. 045 0. 069 0.243
2 0. 050 0.051 0. 149 0. 305
4 0.062 0. 057 0.153 0. 688
8 0. 140 0. 237 0. 287 1.028
16 0.130 0. 367 0.476 2.071
24 0.092 0.111 0. 856 3.900
32 0.032 1.591 2.812 7.281
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Tab.5 The conversion results between tan ¢ and

moisture content and errors of samples

under thermal and water-immersed aging

ALt /d w/ % RES s 2MH
0 0.14 0.164 2 0.009 7
2 0.26 0.3551 0.019 9
4 0.37 0.507 3 0.027 7
8 0.57 0.7233 0.102 2
16 0.91 1.062 7 0.532 3
24 1.37 1.394 1 1.650 1
32 1.92 1.699 6 2.769 4
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Evaluation of moisture content for ethylene-propylene rubber (EPR)
insulation cables using integral values of tan &

ZHOU Chang-liang, WANG Zhi-giang™, LI Guo-feng

( Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The integral values of dielectric dissipation factor tangent value (tan &) are applied to
nondestructively estimating moisture content and deducing multi-factors lifetime aging model in low-
voltage ethylene-propylene rubber (EPR) insulation cables. Referring to the international standards,
EPR insulation materials are made and the testing of immersion and thermal and water-immersed aging
is done. The moisture content is measured by weighting method. At the same time, the dielectric
dissipation factors tangent values of the whole cables are also measured. The results indicate that the
moisture content of EPR insulation materials can be characterized by the curve of integral values of
dielectric dissipation loss from 1X 1072 Hz to 1 Hz. Contrasting the results of thermal and water-
immersed aging. the multi-factors lifetime aging model is obtained and the function between multi-
factors is calculated. It's revealed that there is a monotonous relationship between the integration of
the curve and the moisture content during the frequency of 1 X 107* Hz to 1 Hz. Therefore, the

moisture content can be measured using the integral values of tan & curves.

Key words: moisture content; ethylene-propylene rubber (EPR); thermal aging; dielectric dissipation

factor tangent value



