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Lighting and
Continuity of Service

In spite of the great development within the last
few years of devices for the protection of electrical
apparatus against lightning and the vast improvement
in the insulation of transmission lines, this source of
disturbance still remains one of the most serious threats
against continuity of service in our large overhead
systems. In perfecting remedies, or preventatives,
it is highly desirable to know the cause and nature of
the attack of lightning on the line, for it is on the trans-
mission line rather than in thestation, thatinterruptions
to service usually occur.

Lightning may as a theoretical matter affect a trans-
mission line either by electrostatic induction; that is,
by the release of a bound charge that has been gradually
drawn onto the line, or by direct stroke from the at-
mosphere which may be a heavy and conspicuous
stroke or a minor, almost unnoticed flash. As a practi-
cal matter, especially when considering the installation
of one or more ground wires over a transmission line,
it is important to know which sort of action is domi-
nating. Mr. Peek has pointed out that under certain
conditions of cloud discharge we may expect a voltage
to appear on a transmission line from the release of a
bound charge sufficiently high to flash over even a
220-kv. insulator string. Of this there can be little
doubt. On the other hand, some considerations may
be raised tending to indicate that the line will in all
probability actually be subject to direct strokes,
usually of @ minor magnitude. This may be reasoned
as follows:

It can hardly be doubted that on all occasions when
a person notes a flash and thunderclap substantially
simultaneously, (and this happens to the average
individual several times a season), this means a lightning
flash within one or two hundred feet, since sound travels
about 1000 ft. per second. Yet it may be years before
any notable lightning damage occurs in any one village
or town. This clearly means that most discharges are
of very limited energy or severity and find some path
to ground without leaving any trace, presumably,
usually down tree trunks. There is further ample
direct evidence that strokes of minor severity do ac-
tually occur. It would seem to follow, then, that there
1s every reason to suppose that transmission lines,
extending for many miles and being twenty to fifty
feet in the air and usually free of the protection of
trees, will be actually struck occasionally by these low-
power strokes, which, while of low power so far as the

ability to do conspicuous damage is concerned, are of
sufficiently high voltage to flash over insulators.

This view is strongly supported by the evidence of
the record of lightning disturbances on the Taylors
Falls line* where many insulators were shattered with-
out power on the line, and some poles were splintered,
a condition which could hardly be caused by any charges
induced on line conductors.

Considering the use of overhead ground wires as a
means of protection, we have the following considera-
tions to indicate some material practicable limitations
in the effectiveness of overhead ground wires. Con-
sider a transmission line with ground wire protection
just the moment before the discharge of the cloud by a
lightning stroke. A considerable bound charge has
been drawn to the surface of all the conductors and of
the ground wires but the potentials are normal. The
instant the cloud is discharged, these bound charges
raise the potential of all the wires, conductors and
ground wires alike to appropriate voltages which
may be very high. So far, the presence of the ground
wire is no relief to the voltage on the conductor. But
the charge on the ground wire is free to run to earth
through the tower, which it does; and when the potential
of the ground wire has fallen toward earth potential
sufficiently, it establishes a static capacity to the line
conductors, and this tends to reduce the potential pro-
duced by the original bound charge. This might be of
very material benefit, except that in all probability,
(at least with long span construction), the time required
to empty the charge on the ground wire through the
tower into the ground thfough whatever ground
resistance may exist, is enough to give the charges on
the conductors time to flash over, if they are at suffi-
ciently high voltage to do so.

Of course, the presence of the ground wire tends to
reduce the original bound charge on the conductors,
since the flux from the ground wire must traverse much
of the same path as the flux from the conductors, but
the numerical relations are such that at least with six
conductors and one ground wire, the effect of the
seventh wire must be almost negligible.

However, broadly speaking, from the point of view
of absolute continuity of service, since it must be ad-
mitted that occasional failures due to one cause or
" *Reference. Three papers. A. I. E. E. TRANSACTIONS,
Vol. XXVII, Part 1, 1908, By J. F. Vaughan, pp. 397, N. J.
Neall, pp. 421, P. H. Thomas, pp. 755. A review of these three
papers treating this remarkable set of records will be well worth

while to a person interested in the attack of lightning on trans-
mission lines.
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another must occur on any line, the use of independent
lines, double circuit or single circuit as may be most
suitable, running by separate routes would seem to be
the only way of getting continuous service.

PERCY H. THOMAS

Some Leaders
of the A. 1. E. E.

Lewis Buckley Stillwell, the twenty-second president
of the American Institute of Electrical Engineers, was
born in Scranton, Penn., March 12, 1863. He pre-
pared for college at the Scranton High School; matricu-
lated at Wesleyan University in the class of 1886;
transferred to Lehigh University at the end of his
sophomore year and completed the course in Electrical
Engineering at that institution in 1885, following this
by special work in mechanical engineering during the
next academic year.

In October, 1886, he entered the employ of the
Westinghouse Electric Company at Pittsburgh, and
before the end of that year became Assistant Electrician
of the company, which position he retained for about
five years. During this period, he was actively asso-
ciated with George Westinghouse, O. B. Shallenberger,
William Stunley, Albert Schmid, Nikola Tesla, Charles
F. Scott and others, in the rapid development of the
alternating current system.

In 1889 and 1890, he was sent to Europe as technical
adviser to the British Westinghouse Company and
traveled extensively in Great Britain and on the con-
tinent, investigating the development of alternating
current and other electric systems.

In 1890, while in London, he first met Mr. Edward
D. Adams, President of the Cataract Construction Co.,
and Dr. Coleman Sellers, its Chief Engineer, who were
investigating the problem of power development and
distribution at Niagara Falls, and from that time until
the adoption of the polyphase system and award of the
initial Niagara contract to his company, his attention
was closely concentrated upon the development of
electrical machinery for power transmission.

As Electrical Engineer of the Westinghouse Com-
pany, he installed the first three 5000-horse power units
at Niagara.

Resigning from the Westinghouse Company and oc-
cepting appointment as Electrical Director of the
Niagara Falls Power Co., he removéd his residence to
NiagaraFalls, and devoted three years to the extension
and completion of power plant No. 1, with local distribu-
tion and transmission to Buffalo. During this period,
he assumed responsibility for the operation of the plant
as well as for the electrical engineering incident to its
increase from the original three 5000-horse power units
to eleven units.

While at Niagara, he invented and patented the
first time-limit circuit-breaker and the diagrammatic
switchboard control, these inventions together with

Jourual A. 1. F. L,

the induction regulator, patented in 1888, being among
the most important inventions upon which the suc-
cessful transmission and distribution of alternating-
current power has since depended.

In 1899, while still at Niagara, he was appointed by
the Manhattan Railway Company Consulting Elee-
trical Engineer, and in that capacity had charge of the
electrification of the elevated railways in Manhattan
and the Bronx. For something over a year, he divided
his time between Niagara Falls and New York City, and,
in September, 1900, the first power house unit at
Niagara having been completed, and the commercial
success of transmission to Buffalo having been demon-
strated, tendered his resignation as Electrical Director
of the Niagara Companies and established his office
as Consulting Engineer in New York.

In 1900, he was appointed Electrical Director of the
Rapid Transit Subway Construction Co., and during
the next eight years directed the electrification of the
New York subways.

In addition to the electrification of the elevated
and subway lines in New York, some of his more im-
portant professional engagements included consulting
engineer for the following:

Consulting Engineer, Hudson Companies, in charge
of electrical, mechanical and rolling stock equipment,
1905-1913. Member, Erie Railroad Electric Com-
mission, 1906; United Railways & Electric Co.,
Baltimore; Interborough Rapid Transit Company;
N. Y., New Haven & Hartford R. R. Co., (Hoosac
Tunnel Electrification); N. Y., Westchester & Boston
Railway Co.; Lehigh Navigation Electric Co., N.Y.;
Municipal Railway Corporation; N. Y. State Bridge
& Tunnel Commission; and N. J. Interstate Bridge &
Tunnel Commission. He was also a Member of the
Board of Economics & Engineering, National Associ-
ation of Owners of Railroad Securities, 1921-1922.

As Consulting Engineer to the Lehigh Navigation
Electric Company, in cooperation with his associates,
M. G. Starrett, John Van Vleck and the late H. S.
Putnam, he designed and supervised the construction
of the initial 45,000-kw. power plant at Hauto, Penn.,
with its distribution system—the first large power
plant erected in America at the ‘“‘mouth of the mine.”

During the war, he served as a member of the
National Research Couneil.

Mr. Stillwell is a Fellow of the American Institute of
Electrical Engineers, Past-President of the American
Institute of Consulting Engineers (two terms), mem-
ber of the National Academy of Sciences, the Ameri-
can Society of Civil Engineers and of the British In-
stitution of Electrical Engineers.

He is a Life Trustee of Princeton University, and for
three years served as a member of the Board of Direct-
ors of the United States Chamber of Commerce—the
only man elected to that body to represent the engineer-
ing profession.




Theory of the Autovalve Arrester

BY JOSEPH SLEPIAN

Member, A. I. E. E.

Synopsis.—The advantage of valve lype arresters for high-vollage, power-system protection ts briefly discussed.

of the autovalve arrester is given.

The theory

I. INDUCTION AND REGULATION OF SURGES

N the last few years, considerable light has been shed
on the manner of induction of high voltage on power
systems by lightning,® and some estimates of the

magnitudes involved have been made. Chargeson
clouds produce electrostatic fields extending down to
the ground, which induce charges on power lines. The
vertical gradient at the earth’s surface due to these fields
has been estimated?® to be of the order of 100 kv. per ft.
When the inducing charges on the clouds disappear
suddenly by a lightning discharge, the induced charges
on the power lines produce voltages to ground equal
to the height of the lines multiplied by the inducing
gradient, and, therefore, of the order of hundreds of
kilovolts. The induced charges may be a few miles in
extent.!

The power line becomes then a source of voltage, so
high as to be dangerous to connected machines, and
the very important question arises when considering
the possibility of relief by lightning arresters as to what
is the regulation of this source of voltage. It is now
well recognized® that voltage due to a free charge of this
type on a power line regulates like a generator having
an internal resistance of a few hundred ohms. Hence
the voltage can be quickly materially reduced if, and
only if, sufficient current is drawn from the line. An
arrester will be effective, if, and only if, it draws nearly
two amperes per kilovolt of induced surge®. An ar-
rester then must be able to discharge hundreds of
amperes with only a moderate rise of voltage.

II. ENERGETICS OF SURGE DISSIPATION

The large current which must pass through an ar-
rester if it is to be really effective introduces great

1. Research Engineer, Westinghouse Elee. & Mfg. Co.,
East Pittsburgh, Pa.

2. A.L. Atherton, Trans. A.I. E. E., Vol. XLII, p.179 (1923);
E. E. F. Creighton, Trans. A. L E. E., Vol. XLI, p. 52 (1922);
D. W. Roper, Traxs. A. L. E. E. Vol XXXIX, p. 1895 (1920);
C. P. Steinmetz, Trans. A. L. E. E., Vol. XXXIX, p. 1941 (1920).

3. F. W. Peek, Traxs. A. I. E. E., Vol. XLIII, (1924);
H. Norinder, Electrical World, Feb. 2, 1924; E. E. F. Creighton,
Traxs. A. L. E. E., Vol. XLIII, (1924).

4. H. Norinder, loc. cit.; F. W. Peek, loe. cit.

5. H. Rudenberg, ‘‘Elektrische Schaltvorgange,” Berlin
1924, p. 330.

6. E.E.F. Creighton, Trans. A. I. E. E., Vol. XLII, p. 179
(1923). ’

To be presented at the Midwinter Convention of the A.I. E. E.,
New York, N. Y., February 8-11, 1926.

difficulties in the design of arresters of the arc-resistance
tyvpe for higher voltage circuits. This is not due to the
energy of the surge itself, which is only moderate in
amount because of its short duration, but to the energy
supplied by the normal working voltage, which lasts
throughout the whole arcing period, and may be from
one-half cycle to several seconds. For example, a
surge 1.86 mi. long, will discharge for only 1/100,000
sec. If an arrester connected to a line, the normal
voltage of which to ground is 10,000 volts, discharges
900 amperes from this surge and reduces the voltage
thereby to 30,000 volts, the energy involved will be
only 30,000 by 900 by 1/100,000, or 280 watt-
seconds. On the other hand, if the normal line voltage
discharges 300 amperes for one half cycle, or 0.0083

Volts

*\ Break-down Voltage

This Slopegives Arrester
Resistance

The Critical
Valtage

Amperes

Frc. 1—THE VaLvE CHARACTERISTIC

second, the energy will be 10,000 by 300 by 0.0083 or
24,900 watt-seconds, or more than 90 times the energy
due to the surge alone.

Valve type arresters, being built up of elements
having the characteristic shown in Fig. 1, are not sub-
ject to the disadvantage of disposing of this large draft
of energy from the normal voltage. With the passing
of the surge, and the restoring of normal voltage, the
discharge ceases. It is, therefore, entirely practical
to construct valve type arresters with adequate dis-
charge capacity for even the highest voltages.

Some illuminating calculations made for an arrester
set at the center of a freed charge as shown in Fig. 2
are given in the curves of Fig. 3. The initial surge
voltage is taken as 250 kv. The normal voltage to
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ground is taken to be 8660 volts, and the line surge
impedance, 400 ohms. The heavy line curves show the
reduction in voltage for varying resistance in an ar-
rester of the arc type and one of the valve type with
critical voltage, 10,000 volts. Evidently suitable
protection is not obtained until the arrester resistance
is less than 50 ohms.

The light lines show the energy dissipated in the
arrester. In order to get the curve for the valve type
well into the picture, it is necessary to consider a surge
400 mi. long; the more reasonable surge length, 4 mi.
would be barely visible on the scale chosen.
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Fic. 3—ENERGETICS OF SURGE DISSIPATION

The energy relations illustrated in Fiig. 3 have proven
determining factors. The only practical arresters with
adequate discharge capacity for high-voltage lines are
the valve type arresters.

III. MODERN VALVE TYPES

The so-called valve characteristic, shown in Fig. 1,
has been frequently discussed, and the terminology
indicated in the figure is generally used. Conducting
systems having this characteristic are numerous in
nature. However, in most of these systems the critical
voltage is too low (as in contacts or electrolytic
polarization cells) or the current which may be carried
is too small, (as in thermionic or low-pressure gas tubes),
to be useful for lightning arresters for power lines.
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So far the only systems which have been found
to possess the valve characteristic to a necessary
degree have been certain films which are made
conducting by application of sufficient voltage, but
which are subject to constant repair action, requiring
the continued application of the high voltage for
the maintenance of the conductivity and in which the
original resistivity is restored when the voltage is
reduced. Three practically used arresters have been
developed utilizing films of this type.

The Electrolytic Arrester. The film in this arrester
consists of a layer of gas-laden, aluminum oxide, which
forms on an aluminum anode in a suitable electrolyte.
Application of a few hundred volts breaks this film
down, but the flow of current brings about a repairing
electrolytic action.

The Oxide Film Arrester. In this arrester, the film is
initially a layer of varnish, which, in use, is gradually
replaced by litharge, PbO. The repairing action lies
in the thermal effect of the current upon lead peroxide,
which reduces it to litharge at the points of breakdown
of the film.

The Autovalve Arrester. Here the film is a thin layer
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of air next to a cold cathode which is the seat of the
cathode drop in a glow discharge. With the applica-
tion of sufficient voltage, this air film becomes highly
lonized, but the discharge of these ions into the elec-
trodes and recombination quickly restore the normal
resistivity when the voltage is reduced.

IV. THE BREAKDOWN OF AIR BETWEEN PARALLEL
PLANE ELECTRODES

Since the active element in the autovalve arrester is
air, any explanation of the arrester’s design and func-
tioning must include a discussion of the properties of
air with respect to electrical breakdown and resulting
conductivity. Fig. 4 shows the relation between

breakdown vo