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I_LIFE RUN TESTS OF OF ARRESTERS

INCE the first papers on the oxide film (O F)
S lightning arrester were given a little over two
years ago,! the arrester has proved itself to be a
worthy piece of apparatus by performance in regular

Fig. 1—OxipE Frim LiGEHTNING ARRESTER FOR INDOOR SER-
vicek oN Teree-Prase Crrcurrs, 5000-7500 Vorrs

service. Several hundred arresters up, to 73-kv.
rating, are now installed on both indoor and outdoor
circuits, and higher voltage units will soon beinservice.
Figs. 1, 2, 3 and 4 show the typical designs used.

1, The O F Lightning Arrester, Trans., A. I. E. E., Vol.
XXXVII, 1918,

1981
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In Fig. 1, the three phase legs and the ground leg are
all arranged in one stack, the bottom section being the
ground leg. In Fig. 2, the three phase legs are the
upper sections and the ground leg is the lower section.
In Figs. 3 and 4, the three phase legs and ground
leg are set up parallel to one another. Fig. 5 shows
the covered sphere gap used with the outdoor design,
which permits of an indoor setting. Due to the small
leakage current of these arresters (about 0.010 ampere),

16.2—OxmE Finm LIGETNING ARRESTER FOR INDOOR SER-
vice oN TarREE-PHASE CIrrcurrs, 15,000-25,000 Vorrs

it is not necessary to use horn gaps to aid in breaking
the arc, and it is, therefore, possible to use the covered
sphere gap which has previously been described in
the Transactions of the Institute.? Fig. 6 shows the
testing device used and its method of operation,
about which more will be said a little later.

" The life of a lightning arrester is a very important
factor, and one that has to be estimated from both
operating and laboratory data. Operating data ob-

9. The Effect of Transient Voltages on Dielectrics— II, F. W.
Peck, Jr., Trans., A. L. E. E., Vol. XXXVIIL
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Fig. 3—Oxme FrnmM LIGHTNING ARRESTER FOR Ii\rDOOR SER-
VICE ON Taree-PEASE Circurrs, 37,000-50,000 Vorts

tained during the past five years show that little
deterioration has occurred to the O F cells. Cells
have been returned from typical installations and

Fig. 4—Oxme Finm LiceTNING ARRESTER FOR OUTDOOR
SErvicE oN TaREE-PHASE Circulrs, 50,000-73,000 Vovrrs.—
GRrROUND STACK SHIELDS REMOVED FOR CELL INSPECTION AND

TesT
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tested and little, if any, change has been found.
Fig. 7 is a view of an opened returned cell, and shows
the film side of the electrodes and the porcelain spacer.
The lead peroxide (P b0,) filler has been removed.

Fig. 5—Coverep HewmispeErRE Garp As Usep oN OUTDOOR
Type Oxme Fizm ArrEsTER—50,000-73,000 Vorrs—SEc-
T10N oF CovEr OMITTED TO SHOW GAP

This cell was returned recently from a 13,000-volt
arrester installed early in 1916, and which has been
subjected to much more than average service, due to
its location and surroundings. The few white spots

in the illustration are discharge areas covered with -

yellow litharge (P b0). This PbO area or plug is
what has caused the cell to reseal after the surge has
passed through, and is reduced from the P b O, filler
by theiheat of the current through the small discharge
spot in the film. _ The larger dark areas are where some

Fig. 6—OxipE FiLm CeLn Testing DEvice 1IN POSITION FOR
TESTING

of the P b O, filler is still adhering to other discharge
areas, and the light background is the varnish film.
The lead?peroxide;ﬁller showed no change.

To obtain_ information on the life of O F' arresters
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several years ahead of outside reports, however, an
intensive test has been running during the past few
years. Fig. 8 gives the general scheme of circuit used.

In Fig. 8, the surge circuit is shown to the right
and consists of the usual inductance, capacitance
and air gap, used to obtain oscillations. The 50,000-
volt transformer charges the condensers, which,
upon breaking down the air gap set for a little under
50,000 volts, cause the surge through the arresters.
The transformer to the left supplies the dynamic
60-cycle voltage to all the arresters running on this
particular voltage. Ordinarily all the lever switches

Frg. 7—InsipE oF ELEcTRODES OF O F LIGHTNING ARRESTER
Cert. ReturNED FroM 13,000-VorT INSTALLATION AFTER
Four YEARS OF SERVICE

are down (Fig. 8 shows only one particular voltage,
one arrester and one set of switches. With this
arrangement the arresters are separate from the
surge circuit. When it is desired to surge any
one particular arrester, the upper lever switch cor-
responding to this arrester is thrown, thus parallel-
ing the two transformers supplying dynamic volt-
age. The lower lever switch is then opened and
this particular arrester is still on dynamic voltage,
but also on the surge circuit which can now be
thrown on. After surging, this arrester is thrown
back on the regular dynamic transformer, and the
next arrester put through a similar operation. This
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arrangement of transformers and switches permits the
regular dynamic voltage to all the arrester to be un-
interrupted during surging operations.

O F arresters were placed on 330, 2300 and 12,700
volts respectively at 60 cycles with no series gap, and
all arranged as shown in Fig. 8. These arresters have
been surged daily, the surge current through the ar-
resters having a maximum peak value of about 50 am-
peres and dying down to about 20 amperes at the end.
This surge, having a surge impedance of 3870 ohms is
representative of an actual surge on a line, except that

L=5.5 Millihenrys

o]

Fia. 8—Circurr ConnEcTiON UseEp 1IN INnTENsIVE Lire Run
TesTs

the average actual surge has a higher frequency and
may at times be more powerful. It has been found,
however, that the lower the frequency of a surge, the
more difficult it is for an arrester to seal.

330-Volt Circuit—Single O F Cells.

These cells take from 5 to 75 milliamperes leakage
current and run at a temperature of about 50 deg. cent.
It took about four years to record a failure with these
cells. A failure then occurred by enough of the P b O,
being reduced to cause high internal resistance and hence
loss of protection. The voltage across the cells being,
of course, always the same, causes this group of cells to
be more permanent than the 2300- and 12,700-volt
arresters. With these latter arresters the voltage dis-
tribution across the various cells may change. This
adds onemore variable to the action of arresters consist-
ing of more than one cell.
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2300-Volt Circuit—E1ight O F Cells in Series.

These arresters so far have acted about like the
single cells; that is, voltage distribution has remained
normal. Voltage distribution is obtained by means of
shunting vacuum tubes, which break down or glow at
various voltages, across each cell in turn. It is the
same idea used to test the cells in service as shown in
Fig. 6. For service conditions a vacuum tube which
will glow at about 1000 volts a-c. is used. As the in-
ternal condition of a cell changes, and more particu-
larly the film, the voltage drop when in series with a
number of cells may change. Although this is not an
infallible method of picking out poor cells in service,
it does give a reliable indication in most cases. For
voltage distribution tests, tubes breaking down be-
tween 100 and 2300 volts a-c. respectively are used.
For convenienceininterpolating these data, a cell having
a voltage drop of less than 200 is designated low,
from 200 to 400 normal, from 400 to 600 high,
and above 600 very high. The results can then
be plotted against the respective cells by usinga
different color for each of the above four groups.
The units on 2300 volts have shown with one or two
exceptions only normal cells on voltage distribution,
and the few low or high cells which have appeared from
time to time, have returned again to normal. The
leakage current of this group of arresters varies be-
tween 1 and 10 milliamperes, and the cells run at a
temperature of about 40 deg. cent. A few umits have
failed or lost their protection after four years of con-
tinuous service.
12,700-Volt Circuit—Forty-seven O F Cells in Series.

These arresters have been running almost two years
with no appreciable deterioration. To obtain the rela-
tive effect of dynamic and surge, similar arresters were
run with different service characteristics, as follows: (a)
dynamic only, (b) dynamic and surge, (¢) surge only
and (d) idle. The leakage current is from 5 to 10 milli-
amperes and about the same through all the arresters.
The temperature is about 35 deg. cent. at the top of
the stack, 45 deg. cent. in the middle and 30 deg. cent.
at the bottom of the stack. Resultsto date show that
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(a) and (b) types of arresters give about the same
characteristics; that is, the daily surge has no ill effect
on the arresters. Both (a) and (b) show a gradual
tendency for low-voltage cells to appear at the bottom
of the stack and higher voltage cells at the top. Here
again no change has been found tobe absolute; that is,
unless a cell is extremely high, it may go from low to
high and back again. The low cells at the bottom of a
stack may be due to either capacity or temperature,
but probably the latter, as all the cells are about normal
when first put on the circuit. The (¢) and (d) types of
cells show a general scattering of high and low cells
throughout the stack.

This sort of intensive test has been found extremely
valuable in trying to determine ahead of time what
might occur in service and also for determining the
effect of changes. So far as applying to standard ar-
resters in service, it seems fair to assume that if an ar-
rester will stand, say four years, under such an intensive
test, it will stand up several times four years in actual
service. Of course, it is always possible that a more
or less direct lightning stroke or a long arcing ground
will destroy an arrester, so this conclusion should apply
to normal average service. As yet the factor to use be-
tween test and actual service is not known, but should
be when longer service results are available.

II — PERFORMANCE OF O F ARRESTERS

The efficiency of a lightning arrester is governed by
four factors; namely, sensitiveness, current discharge
capacity, reseal and life.

Sensitiveness. As most electrical apparatus is tested
at twice normal voltage, an arrester should be able to
begin discharging at about this voltage. This means
a horn or sphere gap should not-be set for over double
voltage for best results.

To care for steep wave impulses the time lag of the
arrester should be a minimum.

Current Discharge Capacity. To discharge the energy
from a surge, the discharge path must be of a suffi-
ciently low resistance to prevent the voltage drop being
above the insulation strength of the apparatus con-
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nected to the line. Again since a double voltage test
is given apparatus, the discharge capacity of an arres-
ter is usually given at double rated voltage.

Reseal. Reseal is the act of cutting off the discharge
path through the arrester when the voltage across the
arrester has returned to normal. The quicker this can
be accomplished the better it will be, for if an arrester
has sufficient discharge capacity, dynamic or line fre-
quency current following, not only will be apt to des-
troy the arrester but may also cause bad disturbances
on the line.

Reseal should also permit an arrester to be ready im-
mediately for another discharge, for with a lightning

L=21.8 Millihenrys
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Fia. 9—Circuir ConnNecrioNn UsEp ror SURGE TEsTs

storm over a large area of transmission lines, it is fair
to assume that impulses and surges can occur extremely
close together; that is, at least a second apart, and
sometimes several per second.

Life. Itis difficult to define exactly whatthe life of a
satisfactory arrester should be, but a good arrester
should easily withstand the average surge or impulse.
Arcing grounds are the most dangerous type of dis-
charges and as they vary greatly in severity, depending
upon the system and just where they occur, it is diffi-
cult to state how long an arrester should care for one.

Tests. The following results are given to show how
the O F arrester acts in regard to the above points. A
single cell was used in all the following tests in order to
obtain as powerful discharges through the cell as pos-
sible with the power available.
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The first set of tests was made with a circuit as shown
in Fig. 9. The usual surge circuit is wused, which
superimposes the 25,000-volt, 2300-cyc1e surge on the

Fia. 10—0 F Crir onx Circurr 1N Fic. 9

Vibrator 1—Current through arrester, 1 mm. = 12. amperes (peak value)
Vibrator 2—Voltage across arrester, 1 mm. = 210 volts (peak value)

dynamic 300-volt, 47-cycle circuit. Fig. 10 shows
an oscillogram of the discharge of an O F cell on this
circuit. Vibrator 2 shows the dynamic 47-cycle volt-
age across the arrester with the 25,000-volt, 2300-cycle
surge superimposed. The voltage peaks are kept at
about double voltage and the cell reseals without per-

Fig. 11—0 F Crrr oN A 600-Vorr, 40-CycLe CIirculr

Vibrator 1—Current through arrester, 1 mm. = 250 amperes.
Vibrator 2—Voltage across arrester, 1 mm. = 55 volts.

mitting any dynamic current to follow; that is, this
test shows that reseal and sensitiveness are satisfactory.
Although the discharge through the cell is about 50 am-
peres, since the surge is supplied by a 15-kv-a. trans-







