Joooobodoboobogoouoouoon

Investigation of Non-destructive Diagnosis Technologies for Electrical Cables
in Nuclear Power Stations
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Abstract Nuclear power stations in Japan have been operating about thirty years. So, it is
important for safety, stable operation and aging management of nuclear power stations to investigate
non-destructive diagnosis technologies relative to the amount of degradation and residual life of
electrical cables.

Low voltage cables in nuclear power stations are examined visually and by insulation resistance tests
to verify their intactness, but those examinations are not effective to estimate the amount of
degradation and residual life of electrical cables.

Therefore, this study was carried out to investigate the applicability of existing non-destructive
diagnosis technologies, including indenter measurements, thermogravimetric analysis, dielectric loss,
oxidation induction time and temperature and ultrasonic wave (diffracted share horizontally wave)
transmission time, relative to the amount of degradation and residual life of electric cables.
Measurements have been made on changes in tensile elongation, indenter measurements,
thermogravimetric analysis, dielectric loss, oxidation induction time and temperature and ultrasonic
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wave transmission time. These are being measured as a function of aging time in several different
aging conditions, including radiation aging, thermal aging and combined radiation/thermal aging.
Analysis of the test data obtained during these measurements is based on time-temperature-dose rate
superposition using an empirical relationship, which was initially developed by Burnay and refined by
Rudd of AEA Technology. The superposition method is initially applied to the tensile test data, since
this is usually regarded as the prime indicator of aging degradation. The values of tensile test data,
aging temperature and aging time, aging dose rate and aging time, and combined radiation/thermal
aging condition and aging time are used to estimate model parameters in the equation given by Rudd.
Then, using the model parameters, the shift factor for each test condition is calculated by the equation
to obtain the equivalent time for each data point. Next, each value of elongation is plotted versus the
equivalent time of the data, to form a master curve of the elongation data as a function of the
equivalent time. After that, non-destructive test data, including indenter measurements,
thermogravimetric analysis, dielectric loss, oxidation induction time and temperature and ultrasonic
wave transmission time, are also plotted versus the equivalent time of the data and compared with the
master curve for elongation.

The master curve for indenter measurements showed a correlation with the master curve for
elongation. The indenter measurements proved to be an effective, non-destructive diagnosis
technology relative to the amount of degradation and residual life on electrical cables for the three
cable types tested, at every kind of aging condition in the test.

Keywords low voltage cable, degradation on electrical cable, tensile elongation, indenter measurements,
thermogravimetric analysis, dielectric loss, oxidation induction time and temperature, ultrasonic wave
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