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PORCELAIN INSULATORS

The transmission of power by means of electric currents of
greater or less voltage began with the introduction of the electric
telegraph, and almost’the first problem encountered was line insula
tion. K is df interest in this discussion to note that the first insula
tors sitecessfully used were of porcelain From that time to the
present the progress has been rapid, the voltage having risen from
two or three volts of the telegraph, to a present prospective line
voltage of 150,000, and from the lowest to the highest it has always
been recognized that best construction involved the use of porcelain
insulators

Fig. 6 shows sectional drawing of a high tension insulato
made of several shells nested together and arranged to be fastened
together by means of thin joints of Portland cement This is the
conventional design and is "used for all voltages, though the size.
nrumber of shells, and shape may vary with the voltage. In general,
\merican high voltage insulators are now made of several shells
nested together. while European manufacturers still persist in
turning complicated shapes from solid masses of dry clay

The manufacture of porcelain is one of the oldest arts, but only
recently has it in any sense been placed upon a scientific basis: in
fact, potteries for the production of electrical porcelain exclusively
have not been in existence for more than ten years, and during that
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time it has been necessary to develop an entirely new system of

handling pottery products.

Porcelain for electrical purposes is a mixture of ground flint or
silicon dioxide and feldspar, or (K O Al ‘()Si(),’ potassium aluminum
silicate, raised to vitrifying tmnp}'l‘ullﬁ'inl that is, to a temperature
sufficiently high to melt the feldspar and permit it to unite the
i particles of flint into a perfectly homogeneous body of uniform
electrical and mechanical strength The production of

electrical
porcelain differs from the ordinary pottery product in that, in
addition to presenting a symmetrical and flawless exterior, it must
possess inherent electrical and mechanical strength.

PROCESS.

Flint and feldspar occur in nature as rock which is reduced at
the mine by grinding to a degree of fineness comparable to that of
flour and of equal whiteness. The modern electrical porcelain potter
mixes the proper proportions of flint and feldspar and again grinds
the material in the presence of water in order to obtain intimate
mixture. The mixture, or as it is dubbed in the factory, “clay,” is
separated from the excess water, immediately after leaving the
grinding mills, by means of filter presses and afterward !n'muﬂn to
uniform plasticity by means of kneading machinery

The first step in the construction of an insulator is to build a

model 169, larger than the reqnired insulator, and from this model

to make moulds of Plaster of Paris. Fig. 1 shows 'a plaster model
of a 60,000 volt insulator top from which the mould in Fig. 2 was
taken Jach shell of a multipart insulator is treated in this man-
ner, the inside contour of the mould being that of the desired shell
Fig. 2 shows a conventional power driven potter's wheel upon the
top of which is fixed the mould partly filled with clay
device

The whole
is rotated rapidly and a forming tool whose profile is that
of the inside shape of the shell under consideration, is forced into
the mass of clay. A few revolutions usually accomplish the desired
end and the mould with its wet and plastic clay is then placed in a
hot room of approximately 130° F. Within an hour the warm air and
plaster mould have absorbed a large proportion of the water in the
clay, and the embryo insulator may be removed from its mould
and the rough surface, which originally rested against the mould,
sqgraped smooth. The shell, as it may now properly be designated,
is set aside for a period of ten days to two weeks in order that all
water held by the clay be evaporated. If fired in this state the shell
would come from the kiln hard, ‘white and quite ‘rough, of good
dielectric strength, but with a surface which would gather and hold
dirt and soot and, because of the extreme fineness of the irregulari-

ties, be practically beyond possibility of cleaning. For this reason,
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and no other, are the insulators covered \\"ilh a glassy coating of
extreme smoothness, capable of being washed by the gentlest rains
The glazing process is very simple. Immediately before being placed
in the kiln, the insulator shell, which in its dry state is about as
strong as blackboard crayon, is dipped into a solution of clay and
water and by virtue of its dryness absorbs a certain amount. On
being heated the clay melts before the body vitrifies and so
very evenly over the entire surface. The presence of a small amount
of iron in the clay is responsible for the brown color so generally
used in this country although any color can be obtained by the use
of the proper materials in the glaze. The firing process is entirely
a matter of temperature and its complications are all practical ones
due to the large amount of material burned at one

é

spreads

time and the
difficulty of obtaining exact and uniform heat throughout the kiln.

MECHANICAL AND ELECTRICAL TESTING.

The mechanical properties of porcelain are so unvarying that
sample test has always been deemed sufficient.

a
On the contrary it
is considered unsafe to permit any porcelain to go into service with-
out testing each piece by means of a high voltage transformer. As
will be explained later, the higher voltage insulators are made up
of several shells each of which is subject to a high voltage test of

50,000 to 60,000 volts. Fig. 3 shows the connections between the high
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voltage transformer and insulator shells to be tested.

Fig. 4 shows
this method as practiced.

The table is insulated from the floor by
means of porcelain cones in order that high voltage may be applied
to the wire imbedded in the

table top and designed to make con-
tact with the pans arranged for the reception of porcelain shells.
The pans are filled with water
voltage. The other terminal
shell, attachment between it

and so form one terminal of the high
is formed by water poured into the
and the high voltage over-head con-



ductor being made by méans of small c¢hains By some luml’ulhnu
- device in the low voltage side of the transformer, the voltage
applied to the shells of porcelain is kept yvery near to arcing over

in most cases bheing about 55,000 volts. For ordinary commercial test

ing the spark gap in air is usually employed when it is desired to
iscertain the applied voltage. The number of failures ig usually 29,
or o of the number tested. When porcelain fails electrically the
short powerful power are through the very small puncture hole
amounts to practically a short circuit upon the-testing transformei
and the excessive heat liberated in the porcelain often boils
the water and destroys the shell. Once punctured, the porcelain is
ruined and can by no method at present developed, be recovered
I'he parts of multipart insulators are united by means of pure
Portland cement mixed with water only After the cement has

obtained: initial set the insulators are subjected to an assembled

ctrical test of double line potential for a period of time sufficient
to remove all doubt as to the electrical strength of the insulators,
usually from three to five minutes. To facilitate cementing and test
ing, racks, as shown in Fig. 5, are provided so that the operations
may be performed with a minimum of handling. There is one very
marked advantage in this manner of applying the assembled test
voltage, and it is, that the voltage may be put on before the cement
is dry enough 0 permit handling of insulators so in case of failure
hy puncture of any shell, it may be separated from the others with
out injury, a thing absolutely impossible once the cement become I

|

Destay or Hicn Vorrace INsULATORS

Insulators for the lower voltages call merely for the introduction
of sufficient good material, hetween line and supporting structure
to prevent destructive leakage. For voltages up to 20,000, little ot
no difficulty is experienced in securing satisfactory insulation, but
thove that voltage it becomes not only necessary to have good
material in plenty, but it must be properly distributed in order that
the danger of puncture and severe leakage be reduced to a minimum
The manufacture

f good porcelain from a mechanical standpoint
lorbids that it be muade so witreous as to resist a puncture test of
65,000 to 70,000 volts over §” or §” thickness. It is vain to attempt
to gain greater dielectric strength by increasing thickness since
inherent cracks in thick pieces really reduce the effective electrical

trength to that of 3” or §” porcelain Accordingly, it has come to
]

e recognized as best practice to make no attempt to manufactur
the higher voltage insulators in a single piece, but rather to secure

great electrical

strength by multiplicity of parts. Though entirely

;><\~>\|}1n‘ to construct 30,000 volt insulators of one piece and still
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safely apply a double potential test, years of experience have demon-
strated that a multipart insulator is much less liable to fail entirely,
when struck by stones or bullets, than are single piece insulators
and so prevents complete shut-down of the transmission line.
By far the larger proportion of shut-downs on the modern tran:-
mission line come from mischieviously broken insulators. (It is
for this reason as well as for greater normal safety factor that
engineers are selecting multipart insulators at higher cost, even
for the lower voltages. In general, two-piece insulators are used for
from 10,000 to 30,000 volts, three pieces for from 30,000 to 50,000 and
four pieces for the 66,000 and 70,000 volt lines now in operation.
Above 70,000 volts the underhung or suspended insulator works out
most economically and, for entirely different reasons, 8 or 10 shells
of porcelain are introduced.

Considerations of puncture s{renglh are the first concern of the
designer. As before noted, good electrical and mvg'h;miml porce-
lain should be made of not more than §” thickness with an ultimate
electrical strength of not more than 70,000 volts. To gain greater
electrical strength it is necessary to introduce other shells which
continue to add a proportional dielectric strength up to about 220,000
volts, at which point the curve gradually tends to become flat and
becomes very nearly so at 300,000 volts, so that it is apparently
useless to utilize more than 5 shells unless some other condition is
introduced. With this to start with it is a very simple matter indeed
to provide economical insulators for any voltage up to the point
where difficulty of manufacture begins to interfere with progress.
The 10,000 and 20,000 volt insulators have little to do with puncture
strength provided, of course, that the porcelain is of good quality,
and so the question reduces to an estimate of necessary leakage
distance and carrying capacity when subjected to an artificial rain
approximating the \vultit conditions to which the insulator will be
subjected. This is not so simple as appears on the surface, for
while an insulator may behave admirably under a downpour of
unprecedented intensity, it is vain to expect Nature to limit herself
to a vertical, or what is technically known as a 45° rain, nor does
She stop after five, ten, or fifteen minutes, but is much more likely
to accompany the downpour with sufficient wind to blow the rain
very nearly horizontal, and to persist for any length of time. Under
such conditions the insulator either meets its Waterloo or shows
its mettle in the first fifteen minutes, for at the end of that time all
portions, except possibly the inside of the innermost shell, have
become thoroughly wet and the surface leakage comes into play
As is well known, the persistence of any arc of definite length has
to do with the voltage impressed and the current flowing, and the
failure of an insulator is of amenable the laws which

course to
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govern arcs. A designer should assume that his insulator will
sometime become wet all over and should provide sufficient leakage
resistance to prevent any considerable amount of current flowing,
a small amount merely tending to dry off the insulator whereas a
large amount would quite likely start a disastrous arc under the
shells and completely destroy them by its heat before extinguishing
itself. Such an insulator represents very nearly the ideal and it is
regretable that so few lines are equipped with insulators of so great
a margin of safety It must not be forgotten that only once or
twice a year are insulators called upon to perform extreme duty,
in fact, the insulators of most lines are Par the grm}m‘ part of the
time working very inefficiently, probably at not (M"M 209 of their
rated capacity.

The next best thing is to provide as much dry surface as possible
under average storm conditions and, to this end, it is of value to
note the progressive wetting of an insulator under rain. It is
customary to mount the insulator well above the cross-arm so that
all its shells are far removed from water spattering -up from the
arm. Assume an insulator of conventional design of three or four
shells: The top becomes dripping wet at once and the film of water
held on the surface carries line potential to the outmost diameter.
A certain amount of rain gets by the top and strikes upon the
lower shells. part spattering upward and part downward, depending
upon the angularity of precipitation. That portion which spatters
upward soon wets the entire under surface of the shells above and
in this manner the potential is carried down to the lowest project-
ing shell, At this point the leakage path is broken, due to the fact
that beneath the lowest shell there is no surface from which spat-
tering may occur and consequently it remains dry, but under this
condition the central shell of the insulator is carrying the total
strain both as to puncture strain and against flash over. 'Fig. 6
shows clearTy the effect of spattering, the double line indicating the
surfaces covered by a film of water and thus carrying line potential
down to the bottom of the lowest projecting shell. It

may be
further noted that between this double line, or

line potential, and
the pin, there is but one effective shell which has been subjected
to but 60,000 volt test and lines of very moderate potentials have
strains of this magnitude between line and earth. The shells myust,
of course, remain wet till the storm is over or some drying-actio
introduced. If the gap between the edge of the lowest shell and
pin is small enough a small arc will be established, thus complet
the circuit and permitting a leakage current, formerly held in check
by the dry inner surface of the shell, to flow, though limited in
volume by the relatively high resistance of the pure water film

covering the insulator. This leakage current heats and vaporizes
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the water film, its first action naturally being where the current
density is greatest at the neck of each shell, where, fortunately, the
surface is not subject to the direct force of the rain. Since potentil
is in no way concerned with resistance, thé thinnest and conses
quently highest resistance film of water is sufficient to inaugurate
the drying process, so that an insulator in service cannot be caught
unawares and, if properly shaped, can care for itself

From the foregoing it will be seen that the dielectric strength of
the inner shell of any multipart insulator and the/distance hetween
its lowest edge and the supporting pin, are of m‘m(g,\l importance, the

u'-muinnln-x' of the insulator serving as mltﬁ' more than a resistance in-
series or leakage distance to limit the amount of current which-may
flow when arcing takes place. To provide against the first requisite
it is merely necessary to introduce a protected shell which cannot
easily become wet. This fs shown in Fig. 7, as is also the great
distance between pin and edge of lowest shell. What has been said
applies to insulators as it is necessary to build them to meet
mechanical econditions imposed, and it is the mechanical character-
istics, not the electrical, which influence their cost Were it
possible to make porcelain wire of great strength, an insulator of
perfect certainty of action could be produced at minimum cost. An
insulator should not be regarded as a barrier to current, but rathe:
as a high resistance path hetween line and earth, and its design
should aim to serve this purpose. Referring again to Fig. 6 and 7
it will be seen that as far as the ultimate strength of the insulator
is concerned, the shape of the upper shells is of no moment, since
they serve as series resistance only There are reasons howevel
why straight shells should be wsed and others equally good why
curved <hells should be introduced, but the adjustment between the
desirable points of one and the desirable points of the other call
for fine discrimination Figs. 6 and 8 show straight and curved
shell insulators subjected to a 45° storm which spatters most vigor-
onsly in the direction shown by the arrows. Of these two insulators
the straight shell would probably keep dry the longest since 4 large
portion of the falling water is (lel‘m'lwl away. On the other hand,
the distances A-B, C-D and E-F are much greater on the curved
shell type permitting it to carry much greater potential previous to its
becoming wet all over than could the insulator of the straight shells
The curved shells! will thus be better able to take care of sudden
potential rises when partly wet than will those of the sgtraight shell
form However, this partly wet condition does not last long, as
there is often abundant enough precipitation to entirely wet the
shells. and it is only then that the insulator can be assumed to he

operating under full load, a condition for which it shonld he

designed
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though up to 40,000 volts it is hardly necessary to provide protection

foregoing applies equally well to low voltage insulators,

tely, the
potenthal for the innermost exposed shell, since {ts own strength is entirely
1 consex — ample W‘\,q
tugurate So much space has been given to discussing the value of the insula
: caught tor when under rain that its pleasant weather qualities may seem to
have been overlooked, but there are sudden and severe demands
‘ngth ot

upon the insulator in the pleasantest weather mainly from lightning
between

and switching. When a rise of potential far above normal working .

nce, the voltage comes upon a perfectly dry insulator, the stress hetween
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}I'F'“']' line wire and pin is very sensibly increased and that this stress
"“\MI shall not be too severe, the distance between line wire and pin
“"Al‘h \ should be made ample by the introduction pf several shells of porce-

S lain. The specific inductive capacity of ]m[m'lnin or its flux carrying
“Mr‘u capacity, is a perfectly definite thing, compared to air about 4.4, so

:h' I that for any given potential, area of contact and thickness of shell,
. "' the density is determined
e Porcelain, however, unlike some dielectrics, gives due notice
;’ " when overburdened, by a pale violet light over its entire surface
)

Fig. 9 shows two porcelain shells subjected to 100,000 volts, their
very evident distress being, photographed by their own light Fig
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10 shows better than can words, how it is that so many lines have
trouble with central shells breaking down The designers in this
case had failed to provide against the great concentration which will
in time disrupt the finest porcelain. Fig. 11 shows one of the largest
insulators ever built, being tested at 175,000 volts, its distress being
very evident and presaging early break-down. How very little it takes
to correct this fault is easily seen by a moment's contemplation of
the fact that the stress within the porcelain will vary inversely as
the square of the distance between terminals, and a glance at Fig
12 which shows compafative tests of a two and a three-piece insula
tor simultaneously From these experiments it appears that to
avoid getfing into serious trouble when potentials somewhere neal
the arcing over capacity of the insulators are applied, it is neces
sary to provide considerable body of insulating material between
line and pin

Mechanically, ipsulators can be designed for apy 16ad by the
proper disposition of material Good electrical porcelain has a
crushing strength in excess of 15,000 1bs., and tensile strength
anging between 1,500 and 2,000 lbs. per square inch

The latest development in excessively high voltage insulators is
but a reversion to a type long since discarded by lower voltage
engineers, .., the underhung or suspended type of insulator
Reference to old telegraph manuals shows that the first English
telegraph systems were insulated by underhung insulators of bowl-

lain To come down to the present, all our trolley

shaped pore
wires are suspended below the supporting device. For years, wire
less telegraph companies have been using strain insulators in series,
<0 the newest high voltage insulator is, in reality, the oldest Fig
13 shows a modern development of the underhung insulator of 5
nnits designed to operate at 100,000 volts, grounded neutral, with a
factor of safety of 4. It is intended to allow the conductor to swing
freely in any direction. Figs. 14 and 15 show towers for a 100,000
volt line using suspended insulators

The reason for using suspended insulators is largely a matter of
cost since it is entirely possible to build porcelain insulators of the
conventional type of sufficient size to successfully operate at any
voltage, but the extreme height and diameter of a pin type insulator
for 100,000 or 150,000 volts, makes the cost prohibitive. A suspended
type of insulator has several advantages which it is well to under-
stand before going into details of design. Of paramount importance
is the unit formation making it possible to increase the effective
insulation whenever it is desired to raise the line voltage o1

wherever it seems desirable to present extra leakage surface because
of salt fogs or smoke from railways and factories. Many lines start
operation at much lower potential than designed for, because the
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mitial Joad is light and the potential need be increased only

regulation demands it With the pin type of insulator there

alternative but to invest at the start in the largest insulators wi

the Tine will ever need, whereas in the suspended form. addit

nnits may bhe introduced whenever the growth of power bus
mts an increase in potential. In the pin type of insulato

rness ol line wire and pin must always prove a weak poin

1t
1011

lghtning assanlt as well as an aggravator of line-charging 1

difficulties.  The suspended type gets away from both difficultic
a wide separation of line conductor and supporting structure
dentally the position of the conductor below the cross-arm |
the supporting structure to act as a lightning rod, and so to
the line of much lightning stress

Mechanically, provision must he made to prevent the swii
conductor from coming too near the tower structure, but the
length of cross-arm necessitated by this feature is more than
pensated tor in cost by the fact that there are no twisting st
upon the arm ‘

Insulator unit formation presents another very positive a
tage in the matter of breakage. \When a shell of a pin type ins

hecomes cracked or broken, the whole device is rendered wort
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as it is utterly impossible to break the cement joint forming the

hond between shells. Further, the cracking of a shell, especia
inner shell, may cause immediate shut-down or at least shut
during the first severe rain storm. On the contrary, the bhre
or cracking of one of the shells of a suspended unit type in
takes away but that one unit from the series; thus, in
of a 5 unit 100,000 volt insulator, a broken unit reduce
strength but 20¢

With these very evident advantages it is small wonder that
voltages reaching toward .00,000, the underhung insulator s
be adopted. The first question, that of mechanical strength
promptly disposed of by so designing porcelain parts that
were all compression. The next question, that of electrical =ty
under normal operating conditions, was not so easily solve«
the first designs, single shells of porcelain of §” thicknes:

used, hut when a series of 5 such shells was subjected to a

volt test, a new condition was found to have heen introduced in t

way of a potential rise around the first units, and it was tou
repeated test that any sudden application of potential., o,
change in potential already applied, wonld puncture the end
which if made of economical pottery size, i.e, 14”7 diameter
have a flash-over potential of approximately the ultimate pm
strength 1 his condition analyses somewhat as follows: The

and metallic connecting links form a condenser of certain d«
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which for the sake of analogy may be likened to a mass

0 thber or other elastic material. Carrying out the analogy, the
rubber is struck a smart blow with a hammer. The surface struck
ayers of material immediately adjacent to it, feel the force of

tt blow most severely, and if the mass be thick and of great

inertia, the rorce of the blow is barely perceptible on the surface
opposite to that where the blow was struck Moreover, the elastic
waterial is no sooner struck and compressed than it attempts to
‘turn to its normal shape. This property of inertia is duplicated
i1 the action of condensers in series, call it what you wish, dielec
ic hysteresis or anything else, the effect is there, and if proper
ecautions are not taken, the outer layer of resisting medium, in
tiiis case a porcelain shell, will be disrupted. Unquestionably the
dielectric strength of the unit must be increased, and the propei
method is by supplying an inner protecting shell so that the
puncture strength of.the built up unit shall be far in excess of its
lash-over potential \ unit so constructed is practically indestructi
¢ ind  will carry continuously its flash-over potential without
licating or its surface being covered with static, which impairs the
efficiency by shortening the leakage path. Under normal operating
miditions the end unit is the only one which is subject to unusual
iins, but the failure either by mechanical breakage or arcing
er, may at any time put similar strain upon other units, so it is
wise provision to guard all shells against possible puncture
Having made the unit secure against puncture, the next concern is
with leakage distance, which must be made of sufficient length to
event any considerable current flow when the entire surface is
wered with a thin film of water Here again, cost governs, since
1e unit construction permits the use of a few large or several small
part As noted before, 14”7 is an economical size for the potter to
produce, and as the metal parts are the same for any diameter of
well, it is this size which returns most in insulation for each dollar
invested.  Fig. 16 shows the construction of a unit of g modern
1on 000 volt insulator. The shape of the shells is not of importance
nee in testing to flash-over under working conditions, pains were
taken to wet all surfaces thoroughly and so produce artificially the
st possible conditions; but it must not be taken for granted that
tkage over an insulator is a desirable thing, in fact, the time when
an insnlator will legk sufficiently to dry itself should be postponed
ong as possible by logical designing. To accomplish this it i
of course necessary to permit as little water as possible to spatter
on the under side of the shells, and this is best effected by l!\‘llt‘('lil)g‘
he water away rather than toward the insulato If this were the
only thing to consider, the best shape of shell would still be in
When. in the

I'here are, however, othel

conditions
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course of a severe storm the unde)

as well as the upper <hell s
faces have become thoroughly wet and leakage has commenced

first spot to become dry is the inside of the
point of sthallest cross-section, A" in Fig. 1

and a small arc is
at once formed which, if allowed to persist, will
shell

heat and crack the
To avoid this the edge of the shell is brought down ti
point “B" is of such a distance as to induce the arc

the
to play between

“B" and the malleable iron cap “C” of the unit pnmediatelv below

An arc of considerable magnitude may be maintained between
these two points without heating the shells ahpve sufficiently to
cause crpcking, since the air currents established tend to keep down
the temperature. Current sufficient to support an arc between “B”

and “C” will, unless the rain be very heavy indeed, dry a portion

of the surtace between D" and E which
traighten ont. and if there be sufficient current at

it will eventually be held between the conductor and the supporting

structure.  Fig. 1) shows the progressive breaking down between
the beginning of actual leakage and the maximum arc, which is

not sufficiently close to the insulator to damage it. With only 700

K. W. at 300,000 volts available, the above deductions were found 1o

be true and the ability of the design to rid itself of arcs formed

upon it, demonstrated beyond question. The suspended insulatom

thus becomes an automatic relief valve which may be relied upon
to discharge the line safely and effectively without damage to itself
or serious interruptions to the service

The curves of Fig. 17 show action of a 5 unit insulato

partially wet and wholly wet conditions, and permit of estimate S

innermost shell ut the
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to probable operating safety factor. The current values which were
used in plotting these curves were obtained by meansof a Thompson
voltmeter, calibrated in amperes, introduced into the high voltage
winding at its middle point. One side of the instrument was well
earthed in order to protect the operator Voltages were gotten hy
means of a needle gap carefully protected from air currents

The method of utilization of freely suspended insulators may be
of interest Fig. 14 shows a modern 100,000 volt line using
suspended insulators, this particular tower carrying vertical load
only, due to weight of cable gnd such side strain as may come fron
wind pressure. Fig. 15 shows a dead ending tower for use wherever
the tower arrangement departs from a straight line. Figs. 18 and 19
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show in detail how this dead-ending is accomplished, gnd how the
cable is passed from one end-clamp to the other

The underhung system of insulation works out with pleasing
directness and simplicity, and its comparative cheapness argues fol
its wide adoption for the higher voltages. The cost of such insula
tors, as at present manufactured, ranges from $1.60 to $2.00 per unit,
depending on the nature of the fittings At least two 14" units
would be required for 60,000 volts, and as a good 60,000 volt insulator
can be secured for prices ranging between $1.70 and $2.30 each, the
question of the use of suspended units for voltages below 75,000 to
80,000 is largely one of safety factor and investment

The foregoing has given little which could be used in the deter

mination of the proper insulator to use for any particular voltage,
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and it is quite in point to add here that every case is special

tors well suited to one

Insula

locality are out of reason

in safety factor
provided, for usc elsewhere. A single transmission line of less than
100 miles in length may

easily pass from high

clear mountain am

o foggy, smoky, surroundings which are

a constant menace to con
tinuity of service

\gain the cost of complete immunity may

well
be balanced against cost of

possible shut-downs—a point well illus

between Niagara Falls and
all branch lines of which are

trated «in the line operating Syracuse
equipped with much smaller

and
consequently cheaper insulators than those upon main lines
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It is not intended to convey the idea that every line should have

a special insulator, but that the characteristics of the proposed line
ould be made known to the designer in order that all points may
hoAvell guarded against. It is quite likely the resulting recommenda

ion will be upon an old established type of which all character
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are known, and though its use for any ¢€pecific case may not
Wl into use all it is capable of, it will quite likely prove cheaper
y produce a standard article of larger size than to make a special
lesign of just sufficient capacity

\ forecast of the future of any business, though never safe, is

Hway interesting



¢ Tor the gt

OVere
heap and com

nportance 1 It

o manufacture Of prime i
of no other manutactured dielectric o much
of it which

rmanency, and

e
is made under extreme condition
ha heen

e sadd Porcelain
effects the cementing together of stable elements which
and ider the condi

I yea

of this plane

their present form for thousands o
taiming urtace O ain
weelain i eneou
pecthi

mifor

evenly

rrain

induactive capaocity hroughou
Isiributed 0 t ther hai yject
very rapid deterioration; many tem
1eked by 1 el | Tt

i

oxidation proce

condenser
1 \ 1 W VO

|
ned \
1 ol 'rhhet

M

conteni)




