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THE PHYSICAL SETTING

Reduction in the cost of underground electrical transmission is important

if the utility industry is to meet the nation's needs for electric energy with-

ou- undue cost while preserving the amenities in and near load centers and

power plants. Cryogenic and superconducting cables are being developed and

the problem which is discussed here arises from an attempt to understand engineering

aspects of dielectric breakdown in liquid helium.

The experimental apparatus consists of a 1J0 KV dc 80 KV ac intermediate

voltage unit and a 600 KV dc 700 KV ac high voltage unit under construction. mhe

data discussed today came from the intermediate voltage unit. Leaving aside the

necessary measuring equipment and electronics the experimental devices consist of

an insulated container, or dewar, in which two electrodes are placed, one above

the other. The shapes of these electrodes can be altered to experiment with

different magnetic fields and the distance between the electrodes can be varied

to suit the experimenter. The dewar is then filled with liquid helium and after

the equipment has reached temperature equilibrium the measurement process can

begin. A voltage is built up in one electrode until an arc occurs to the other

electrode. This is also called a flashover and the voltage attained at which the

arcing occurs is called the breakdown voltage. Conceptually, this process can

be repeated an arbitrarily large number of times. Practically, there are limita-

tions of time and personnel buildup of impurities and damage to the electrodes.

Experiments like these have been performed many times on transformer oils.

It was found that the first few measurements needed to be discarded to allow for

breaking in the system and after a series of "good" measurements (commonly ,out

20) the breakdown voltages decreased as a result of impurity buildup and electrode
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damage. Much the same scenario occurs here. A few measureiaents are taken and

discarded during a system checkout phase and a degradation of later measurements

has been noticed in rapidly boiling liquid helium. This has been stopped by

carefully maintaining the helium level and by slightly pressurizing the dewar

to inhibit bubble formation.

THE FROBLEM

Figure 1 shows a typical set of data. Our "standard" practice is to check

for evidence of decrease in breakdown voltage with time and occasionally to run

a set of data through a fast fourier transform to see if any periodisties appear.

Then, as in Figure 2, the data is plotted on several probability papers.

Several distributions for voltage breakdown have appeared in the literature.

They range from the normal (Henning and Wartmann) and lognormal (Gerhold) to

extreme value distributions like the Weibull (Ocehini) and the extreme value

(Weber and Endicctt). The normal distribution is a poor candidate as the data

is usually skewed to the left. A case can be made for using one of the asymptotic

extreme value distributions on the grounds that the voltage at which the break-

down occurs is the minimum voltage necessary, at this particular instant in time,

to force an arc across one of the large number of possible arc paths between the

electrodes. We have found that the plot on log extreme value probability paper

seems adequately linear for most sets of data. This is a somewhat subjective obser-

vation, one that I am not entirely happy with, but at least it is a starting point.

There are three asymptotic types of distributions for the smallest order

statistics (Fisher and Tippett). Below are left skewed forms of these distributions

and some of their names.
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Type 1, extreme value, Gumbel, log Weibull, double exponential:

F1(x) = 1 - exp[-e-(V)] -a < x < °>

G > 0

-co < § < oo

2, log extreme value, Rosin-Rammler:

F2(x) = 1 - e~v 9 ' § < x < »

9 > 0

Type 3, Weibull:

6 > 0

f,(x) = k ^ ) 1 " ' 1 e"(~B~^ k > 0
J

The Type 1 distribution is a sort of transition from Type 2 to Type 5 distributions.

Useful references for extreme value theory are Gumbel, Epstein and Johnson and Kotz.

The location parameter 5 is troublesome. It is dear to the hearts of the

experimenters as it implies the existence of a voltage below which breakdown

cannot occur. There seems to be no physical justification for such a parameter

and the left skewed observations provide evidence against its existence and values

for it have not yst been estimated for these reasons but the idea is attractive.

Figure 3 is a log extreme value probability plot of data taken during V&rch 197̂ -

at various gap widths. Reversing the polarity does have an effect on breakdown



str: . :th, contrary to physical theory. It is suspected that the placement of the

electrodes one above the other is responsible for this effect. Another striking

thing about this figure is the discontinuity near 90$ in the data. The equipment

was running well and there is no explanation for this phenomenon. The number of

observations for each gap width and polarity is listed below.

NUMBER OF OBSERVATIONS

Gap Width (MM)

.25

.5

1.0

1.25

1.5

2.25

Sphere +

120

6o

160

120

120

Sphere -

30

180

3C

120

30

This apparent mixture of distributions does not occur in every set of data and

no pattern for its occurrence has been detected. It is quite troublesome as

engineering considerations for the design of cryogenic cables depend on probability

statements about mimimum breakdown strength.

TOWARD A SOLUTION

The use of probability plots to determine the distributional form of voltage

breakdowns cannot be considered definitive because of the nature of the method.

However, when you consider the totality of the evidence it is more persuasive.

What is needed is a test which distinguishes between the extreme value distributions.

New experimental evidence must be found before the existence of a minimum breakdown

voltage can be accepted. The factors which produce the contamination of the

primary response need to be identified.
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