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ArresterWorks 1890 - 1930

1890 - 1930
By Jonathan Woodworth ArresterWorks

Introduction

The earliest roots of lightning protection of power systems dates back to the middle of the 18"
century as discussed in part one of this article. The era from ~1890 to ~1930 will be covered in
this part of the history of lightning protection of power systems. During this era, lightning
protection of electrical equipment divides into many subcategories, such as communications,
electronics, radio towers, railroad (DC), and the one discussed herein, power systems. | like to
joke with my fellow power system engineers that we seem to think that the electrical world
started with us, but in reality, the communication branch of electrical engineering was already
several decades old when our branch of engineering was born. As discussed in Part 1 of this
history, protection of the telegraph gave birth to the gapped device first called an arrester. It

— wastndéunt i | the 189006s
E. A. SPERRY. lines were added to the utility poles
LIGHTNING ARRESTER. crisscrossing the country and
g. 30, 1887, immediately needed arresters that

could protect them from lightning
also. The fundamental difference
however is that telegraph lines were
not energized 100% of the time as
are power lines and the designs of
the pre 1890 arrester used to
protect the telegraph lines just did
L not meet the needs of power
systems.

AC Lightning Arrester Issue
Power system engineers interested
in lightning protection soon learned
that the gap, what was sufficient for
telegraph protection, was not of
sufficient separation distance to
interrupt the current from the 60hz
power arc after the lightning surge
was over. This current flowing off

the power system from the AC

Figure 1 Early Power System Lightning Arrester. Gap between gource
plates 4 and 5 opens up when follow current from the
system activates the solenoid 7 allowing weight 20 to pull
down and effectively increasing gap resistance.
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became known as power follow current and it remained a significant challenge to the arrester
designers for this entire era. They quickly learned that the only way to interrupt this power
follow current once it flashed over was to turn off the AC power or insert a resistance into the
circuit. The early means of inserting resistance in series with the gap was to change the size of
the gap. In Figure 1, the arrester inventor, Sperry, ran the ground lead of the arrester through a
magnetic solenoid. If the gap sparked over from lightning and was followed by power system
current, it would pulse the solenoid, which in turn would allow the gap to snap open. The added
distance in the gap increased the length of the arc, which is a common means of increasing the
arc resistance. This increase in resistance resulted in interruption of the arc when the voltage
crossed zero. It would appear that the Sperry arrester would be a maintenance issue in that it
needed to be reset after a strike: something more was needed.

The  second  method  of E. G. P. OELSCHLEGER & K. 0. F. SCHROTTKE,
increasing the series resistance LIGHTNING ARRESTER.

of the gap was to use a linear " No. 566,011, Patented Aug. 18, 1896.
resistor; however, as the system :
voltages increased this also
became a problem.

A third design that can still be
seen protecting insulators today
was the Horned Gapped
Arrester.  Figure 2 shows an
1896 version of this arrester
type. The principal behind this
type of arrester is that as the arc
burns, the magnetic field pushes
the arc out toward the ends of
the electrodes. Since the gap
size increases from the bottom to
the top, the length of the arc increases, which in turn increases its resistance. This action limits
the current to levels that can lead to extinguishment at voltage zero.

Figure 2 Horned Gapped Arrester1896 Vintage

The Electrolytic Arrester to the Rescue

For the higher voltage systems, the chemical arrester, as it was known, had the answer to the
series resistance issue. Arrester designers had learned that the perfect arrester would have a
resistance in series with the gap that had non-linear characteristics. This means that at higher
voltages and currents it would have lower resistance. This variable resistance made it possible
for the arrester to conduct high lightning currents, and after the event it was also able to assist
the gap to interrupt the follow current.
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During the winter of 1906/1907, the
battle for dominance in the arrester
world was waging at full pace.
Charles Steinmetz, the august leader
of the team at GE, had just completed
construction of his famous high voltage
laboratory in Schenectady, New York.
He could for the first time simulate
lightning with a capacitor bank for
testing arresters. At the same time at
Westinghouse Electric, 265 miles to
the southwest in Pittsburgh
Pennsylvania, a formidable team was
making progress on their concepts.
Both teams had been developing
arresters for power systems for almost
two decades. Unfortunately, since
early 1905 there had been little activity
in the high voltage arrester patent
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oection something new to take the technology

Bliertoned to the next level.

Back in New York, on those short, cold
days of a Schenectady winter, the
recently hired engineer Elmer Ellsworth
Farmer Creighton believed he had the
answer. Creighton had been added to
the GE team two years earlier with the
acquisition of the Stanley Electric
Company. For this new position, he had moved to the GE Schenectady complex from Pittsfield
Massachusetts where he had worked for Stanley the prior three years.
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Figure 3 Electrolyte Arrester.
Also known as the Aluminum Cell Arrester

On February 7th 1907, Creighton filed the first application for an altogether new type of high
voltage arrester: a design that he had been working on behind closed doors since joining GE.
The patent application described an Aluminum Cell Electrolytic Arrester and became patent
992,744 in 1911. By the time the patent was issued, product had already been introduced to the
surge protection market.
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Public Disclosure

A month and a half after the patent application
Principles in the Design of Lightning Arresterso
(AIEE) at the annual winter meeting in

New York City. At that meeting he

presented and defended his new invention.
Proceedings of the meeting give excellent

details of the written discussion that
resulted from the present
that Westinghouse engineers were not

pleased to see this turn of events. Several
contributors in the written discussions gave

RP Jackson, a recognized expert in the

area  of surge protection from
Westinghouse, credit for the actual
introduction of the concept a few months

earlier. However, if Jackson was the first

to introduce the concept, he was

outflanked in the patent battle by Creighton

and GE since there are no patents in his

name.

The February 1907 patent application was
just the first of many that Creighton filed
over the next eighteen years. GE had
won the patent campaign, but that was all
Figure 4 1910 Westinghouse Electric Instruction Manua they won. Over the next twenty years, GE

on Type A Electrolytic Arrester and Westinghouse both marketed and sold
electrolytic arresters despite the fact that GE had been granted patent rights. Figure 4 is the
cover of a 1910 installation instruction brochure that shows that Westinghouse had product to
the market before the 1911 GE patent was issued. Westinghouse did finally receive a patent
on this type of arrester in 1919 with inventor Joseph Slepian (1,456,941). So the battle raged on
with no clear winner in this arrester type.

Electrolyte Arrester Theory of Operations

The theory of the Electrolytic Arrester (also known later as the Aluminum Arrester) can best be
understood by considering a single aluminum cell. The cell consisting of an electrolyte into
which extends two aluminum plates (Figure 5) with a microscopically thin film of aluminum
hydroxide. The electrolyte was the same as that used in the formation of the film. When the
voltage was applied to the cell and gradually increased, the current through the cell was very
small until a critical voltage was reached. At that point, the current flowed freely being limited
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