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CASE STUDY NO. 11
IMPROVEMENT OF EXISTING IDENTIFICATION METHODS FOR CV CABLE
DETERIORATION, DEVELOPMENT OF TECHNIQUES TO ESTABLISH DIAGNOSIS*

PRIORITY USING WEIBULL METHOD

BY MIKIYA YASUHARA,
ASSISTANT MANAGER, DISTRIBUTION DEPARTMENT,
OSAKA-KITA BRANCH OFFICE

1. INDRODUCTION

Modern society depends so heavily on electricity for its life and industry
that power outages have an increasingly more serious impact from year to
year. Hence, power companies are more and more concerned with the goals
of identifying equipment faults and preventing failures.

The author has developed techniques to establish the order of priority of
diagnosis using the Weibull method as a means of preventing failures with
underground distribution lines, and has successfully diagnosed deteriorations
of CV cables by the use of these techniques. The progress of the
development of these techniques is introduced.

2. REASON FOR SUBJECT SELECTION

The incidence of failures related to underground distribution lines has been
increasing in recent years. These failures are primarily attributable to the
water tree phenomenon (*#) in the CV cables manufactured in 1971 and
earlier. It accounted for as much as 75% of the underground distribution
line failures experienced by our Osaka-Kita Branch Offices during fiscal
1976, as shown in Fig. 1 (1), prompting the author to choose the
improvement of identification methods for CV cable deterioration as an
approach for decreasing failures caused by the water tree phenomenon.

*  Diagnosis (or Diagnostic) = "megger test" or the
process of measuring resistance of insulation.

** The water tree phenomenon is one in which moisture
grows in tree-like form in the direction of the
electric field in the insulation of CV cable through
the interaction of water and the electric field, as
shown in Fig. 1 (2) and (3), resulting in reduced
insulation.
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Figure 1



3.

UNDERSTANDING THE CURRENT SITUATION

The author identified the causes of the failures associated with the
water tree phenomenon by using a cause and effect diagram and put
into action a countermeasure for each true cause identified, but
failures associated with improper diagnostic intervals continued in
fiscal 1982 and 1983,

Hence, improving deterioration diagnostic intervals was found to be a
key in preventing failures caused by the water tree phenomenon.

GOAL AND CONSTRAINT SETTING

Goal: To minimize power outages caused by water tree
deteriorations.

Constraint: To limit the diagnostiecs workload to the extent that can be
handled by the existing staff of maintenance personnel.

ANALYSIS APPROACHES

The efficient prevention of failures calls for:

(i) Understanding what cables are most likely to become
defective
(ii) Implementing diagnosis in descending order starting with

the greatest defect occurrence

The following approaches were taken in analysis:

(i) Understanding the life characteristics of cables

(ii) Determining the defect probabilities of individual cables

(iii) Selecting the cables to be diagnosed for the next diagnostic
year



6.1

6.2

ESTIMATING CV CABLE LIVES BY THE WEIBULL METHOD

DATA STRATIFICATION

In an effort to ensure increased analysis accuracy, failure trends were
compared with regard to manufacturers, years of production,
specifications and so on. Differences in lives are obvious as shown in
Fig. 2 (1). The comparisons revealed the following two factors:

() Material of the inner layer of the insulation - All failures
had occurred with non-cotton CV cables.

(ii) Cable size » 64% of the total failures had occurred with
small-sized CV cables (150 mm2 or less).

The life analysis was therefore stratified into the following four groups:
- CV cables with cotton insulation inner layers

Small-gize s=e= (a)
Large-size =+ (b)

- CV cable with non-cotton insulation inner layers

Small-size *=*=* (c)
Large-size *==- (d)

UNDERSTANDING CABLE LIFE CHARACTERISTICS

The Osaka-Kita Branch Office had laid CV cables over approximately
1,700 lines in the decade from 1962 to 1971,

Less than 3% of these lines developed failures related to water trees,
and most of the cable life data available were censored data.*
Therefore the author used the Johnson average failure order method 1)
of Weibull analysis as a life estimation technique for evaluating the
censored data (see Fig. 2 (2)).

The data used in the analysis were extracted under the following
conditions:

(i) Data on the cables determined to be defective by
deterioration diagnosis were also treated as failure data,
because the number of failures recorded was not sufficient
for analysis.

(ii) Cables falling in the same strata and in the same fiscal year
were considered to have the same reliability level.

* Data are censored (suspended) when a "test" is
aborted prior to failure of the equipment.



The data collected under these conditions were then subjected to life
analysis in the following procedural steps (see Fig. 2 (2) and (3)):

(i) Prepare Weibull analysis data sheets.

(ii) Plot the data on Weibull probability paper and read from the
paper.

As a result, the following facts have been found:

(i) The defects developed in every group were wear-out
failures, with a configuration parameter>1. Wear-out began
to develop five to eight years after production.

(i) The mean time to failure (MTTF) was shorter in the order of
groups with higher failure ratios. Small-size cotton cables
had an MTTF of 17.3 years, two to three years shorter than
other groups.
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CALCULATING DEFECT PROBABILITIES OF INDIVIDUAL CABLES

The previous practice was to classify CV cables into three ranks on the
basis of the findings of CV deterioration diagnosis:

(i) Rank A (sound)
(if) Rank B (tendencies to deteriorate)
(iii) Rank C (significantly deteriorated)

and to conduct deterioration diagnosis at the assumed rank reliability
intervals of 7 years, 3 years, and 1 year, respectively. On the basis of
the discussions in Section 6, it was necessary to have differences in the
lives of CV cables with their specifications precisely reflected in the
deterioration diagnostic intervals. Therefore, to gain a more precise
understanding of the defect probabilities of individual cables, the
author attempted to analyze secular defect probabilities by rank
through adding a technique of stratification by year of production to
the aforementioned stratification.

Since some groups with fewer occurrences of defects were found
unanalyzable as a result of an in-depth stratification of the data, the
author abandoned the technique of stratification by year of production
and instead chose to determine secular defect probabilities by rank for
all the years of production as shown in Fig. 3 (1).

Differences in the defect probabilities due to differences in the years
of production (differences in the length of service) that could not be
stratified for the reason stated above were presumed present in the
defect probabilities of the individual cables.

In determining the defect probabilities of individual cables, therefore,
the author noted the equivalency in the evaluation of secular defect
probabilities after cable production, as determined in Section 6.2, and
that of secular defect probabilities after the aforementioned diagnosis.
The author chose to create matrices as shown in Fig. 3 (2) and obtained
averages between the two sets of fault probabilities.
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8.

DISCUSSION OF TECHNIQUES OF DETERIORATION DIAGNOSIS

When the failures in the past years were plotted in a matrix of defect
probabilities by cables, it was found the failures noted with cables
having their insulation inner layers made of cotton had occurred from
those with defect probabilities of 45-60% (see Table 1).

To minimize failures, the author recognized the need for diagnosis with
lower defect probabilities than those of the cables in which failures had

occurred,

Hence, he developed and put into action the diagnostic
methods for fiscal 1984 as summarized in the next section.

Table 1 Past occurences of failures pibtted ina
matrix of defect probabilities by cable
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9.

IMPLEMENTATION OF COUNTERMEASURES

(1)

(ii)

(iii)

For CV cables whose insulation inner layers are made of
cotton, those with defect probabilities of 40% or more,
which is 5% lower than the failed cables, were diagnosed.

For CV cables whose insulation inner layers are made of
material other than cotton, those with defect probabilities
of 50% or higher were diagnosed within the limits of the
diasnostic capacity, in consideration of zero failures in the
past.

Diagnosis was executed in the order of descending defect
probabilities.

TN



10.

11.

RESULTS

As a result of conducting diagnosis on the basis of defect probabilities,
no failures have developed in association with the water tree
deterioration phenomenon as of the end of February, 1983 (see Fig. 4).
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Figure 4 Changes in the number of water tree failures

CONCLUSIONS

The author has presented a case study of the improvement of the
existing identification methods for CV cable deterioration. Naturally,
the elimination of water tree accidents would require further product
improvements, or the availability of cables free from the water tree
phenomenon.

Active efforts are being directed in this field at domestic and overseas
manufacturers as well as at the Kansai Electric Power Co., Inc.
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