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THE CAPACITANCE OF HIGH-VOLTAGE PIN-TYPE INSULATORS

INTRODUCTION

Section I

THE PROBLEM - A high-voltage pin-type insulator consists of a mass
of electrical porcelain which serves as an insulator for a high-
voltage line., These insulators are provided with a pin hole into
vhich a pin, usually of metal, is screwed. The head of the insu-
lator is provided with a conductor groove into which the electrical
conductor of the line is placed. This conductor is held in posi-
tion by a tie wire which passes both around the conductor, and

around the tie wire groove in the head of the insulator,

It is evident that there exists a certain amount of capaci-
tance between the metal pin as one electrode, and the tie wire and the
conductor as the other electrode. This is further augmented by the
fact that the relative permittivity or dielectric constant of the
electrical porcelain is from five to seven compared with air as unity.
The purpose of this investigation was: first, to devise a simple,
rapid, and accurate method for measuring this capacitance; second, to
measure the capacitance of a large number of insulators; third, to
study the factors affecting the capacitance; and fourth, to determine
the effect of the capacitance on other test characteristics of the

insulators.
METHOD EIMPLOYED - It is natural in pursuing this study that the course
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should follow closely the order in which the various phases of the
problem were stated. After considerable study and some experimenta-
tion, a satisfactory method was found for making the capacitance
measurements. Briefly, this consisted of setting a circuit contain-
ing inductance in the form of a wave meter coil, capacitance in the
form of e variable precision condenser, and resistance consisting
chiefly of a thermo-galvenometer, in resonance with a current gen-
erated by a vacuum tube oscillators Connections were provided eo
that the insulator capacitance could be introduced in parallel with
the variable condenser. With the frequency constant, the difference
in the setting of the variable condenser to produce resonsnce with
the insulator in the circuit, and again vith it out of the circuit,

is the capacitance of the insulator.

Using the method outlined the capacitance of 180 insulators
which were submitted by six different manufacturers to the Electrical
Engineering Department for various insulator tests was measured.
These insulators were of three classes: 13-17 kilovolt; 45-55 kil-
ovolt; and 66 kilovolt, After the experimental data had been taken,
a study was made of some of the factors affecting the capacitance.
This proved to ba a problem of considerable magnitude, and therefore,
only a few of the epparent factors were investigated. It was found
that the thickness of the head and the size of the tie wire used,
were, among other things, important factors in determining the mag-

nitude of the capacitance.

A study was also made to determine any relations which
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might exist between the capacitance of the insulators and their other

test characteristics, as determined by a group of senior students

working under the direction of Associate Professor F. 0. McMillen of

the Electrical Engineering Department. Although it could not be

shown that the capacitance influenced any of these characteristics |
to any marked degree, it was found that some of the test character-

iatioa and the capacitance were to some extent related.

DIVISIONS - In preparing this thesis an attempt has been made to
include under the proper headings the different pheses of the in-
vestigation. In the Table of Contents the resder will .find a com=
rlete tabulation of the meterial included under each section. In
general, the divisions of the material included follow the order in

which the investigation was made.
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THEQRETICAL CONSIDERATIONS

Section II

Before an attempt will be made to discuss in detail the
method of making these measurements, and before discussing any of
the results obtained, or conclusions drawn, it will prove helpful,

no doubt, to consider in detail the theoretical factors involved.

THEORY OF THE CAPACITANCE MEASUREMENTS - If a circuit contains

resistance "R", inductance "L", and capacitance "C", the resonant
frequency of the circuit is determined by the relation of the values
of L and C. If the'induotanoe is fixed, and the capacitance vari-
able, the various settings of the condenser will control the reso-
nant frequenoy. When such a circuit is induotively coupled with a
vacuum tube oscillator, the frequency of which is constant, a
current of constant frequenoy will be induced in this resomant cir-
cuit. With the 5apaoitance value properly adjusted, the inductive
reactance 6.283fL will be equal and opposite to the capacitive re-
actance 1/6.283£C, and the impedance of the circult consists only

of the resistance. In the form of an equation, the above becomes

6.283fL — L
6.283£C

and if £, the resonant frequency is solved for,

f -

1
6.263 \[ L C

In the above equations, £ will be in cycles per second if the in-

ductance L is in henries, and the capacitance C is in farads.
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The condition of resonance for the constant frequency would

result in a maximum ocurrent flow, and therefore, this condition could
be detected by having an instrument such as a thermo-galvanometer in
the circuit, and adjusting until a maximum deflection was obtained.
If after the condition of resonance is obtained an additional value of
capacitance is introduced in parallel with that slready in the oir-
cuit, these two values will add directly, and the condition of reso-
nance will be destroyed. The circuit will now be resonant to some
other frequency different from the constant frequency being generated
by the vacuum tube oscillator. To again produce resonance for the
.frequenoy of the oscillator, 1t will be nedessary to reduce the set-
ting of the variable condenser by an amount exactly equal to the
capacitance which was added in parallel. Obviously, if the variable
condenser is a precision condenser which has been carefully calibrat-
ed, it is possible to aoouré.tely measure very small values of capac-
itance by this method. The circuit wouid first be set for resonance;
‘after this was done, the condenser to be measured would bé connected
in paral}el with the standard condenser, and the circuit agein ad-
Justed for resonance. The difference between the two standard con-

denser settings would give the capacitance of the unknown condenser.

THE EFFECT OF FREQUENCY ON CAPACITANCE - It is a well kmown fact that

a dlelectric which is non-uniform will absorb a certain amount of
energy if left connected to a source of potential difference after
the condenser had apparently become charged. When this is true, the

capacitance of the condenser would vary somewhat with the frequency;
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at low frequencies, the capacitance would apparently be greater than
at the higher frequencies. Dre. C. P. Steinmetz has given a very sgt-
isfactory explanation for this ablorption.]' This theory, according

to Professor J. Bs Whitehead,® was origionally due to J. Clark Mexwell,
Dr. Steinmetz shows that this effect is entirely due to an adjustment
of the voltage gradient in the non-uniform dielectric, which is only
complete after a considerable time since charges must flow into the

dielectric which has a very high resistance,

An attempt was made to0 find data regarding the effect of
frequency on the permittivity of porcelain, However, nothing of this
nature was found for porcelain, although some interesting figures
were found for glass which it is believed would more closely approx-
imate electrical porcelain than any other substance for which data
were available, It was found by Hector J. lla.oLeodz that for glass the
capacitance was 0,9131 x 10-9 fareds at 498 cycles per second, and
0.9019 x 10~? farads at 1,000,000 cycles per second, These figures
show a slight decrease although it is so small it is practically neg-
ligible. In connection with direct current measurements, W, A.Fraser
and He We M Secord® made measurements on pin-t;pe insulators, and
using a constant voltage of 1100 volts, obtained a capacitance of
0.000088 microfarads. This measurement is not closely in accord with
the values which were obtained in this investigation, and is due, no
doubt to the fact as Fraser and Secord state, that their method is
not accurate, The exact size and type of insulator used in their
investigation 1s not Xmowm, The Westinghouse Electric
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and Manufacturing Company was the only Company able to supply data on
the capacitance of their insulators. Their measurements which were
made with a capacitance bridge at 200 cycles per second are of the
same magnitude as were obtained at the frequency used in this study.
For their insulators of the 13-17 kilovolt class, they specified a
capacitance of 8 - 12 micro-microfarads. The values obtained at
500,000 cycles in this study are well within these limite. It is
therefore felt that although there may be differences in permittivity
with changes in frequency for some dielectrics, that this difference
for electrical porcelain is so very small as to be negligible. This
is probably due to the fact t'ha.t the mixture is uniform, and that the
resistance is very high., For tﬁis reason, the measurements made in
this investigation at a frequency of 500,000 cycles per second would
be practically the same as at a lower frequenocy of 60 cycles per
second. |

THE EFFECT OF VOLTAGE GRADIENT ON CAPACITANCE - Apparently very

little has been done in determining the effeect of the voltage gradi-
ent upon the permittivity of electrical porcelain. Many investigators
have found that the capacitance of impregnated paper cables varied
very much with increases in the voltage gradient. This has been
attributed by C. L. Dawes, and P. L. Hoover® to ionization of the

alr spaces included within the dielectric. In the article referred
to by Fraser and Secord® they state that at a voltage of 150 volte

the measured capacitance of a pin-type insulator was 0,000092 micro-

farads; at 300 volts, it was 0,000104 microfarads; and that at 1100
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volts it was 0,000088 microfarads., Their measurements were made at a
constant (direct) voltage, and much of the variation is attributed to
insgcuracy of measurement.

It is known that electrical porcelain is sometimes made in
such a manner as to contain small amounts of air in spaces within the
material, If Dawes and Hoover4 are correct in their statement as to
the effect of ionization in increasing the capacitance of a condenser,
it 1s conceivable that some porcelain insulators should also show
inoresses in capacitance with an increase in the voltage gradient. It
is felt however, that electrical porcelain or in fact any similar
material would not show any great increase in permittivity with an in-
crease in the voltage gradient. It is probable therefore that an in-
sulator which is well mde,‘ and well designed, would show no great
inqrease in capacitance as the gradient was increased to the normal
value, and that although the tests made in this investigation were
with very low gradieni:a the results obtained would be applicable to

an insulator at higher gradients,

THE EFFECT OF THE TIE WIRE ON CAPACITANCE OF INSULATORS - The size of
the tie wire used would obviously affect the capacitance of the in-

sulator. Data were taken, as will be shown later, whigh indicate this
effect. The various other tests made in this department were made in
accordance with the specifications® of the American Institute of
Electrical Engineers, which require that a tie wire of size not less
than #8 shall be used. A #6 annealed copper wire was used in all the
capacitance tests made, since a wire of this size was used in the
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other tests to which the insulators were subjected.

THE EFFECT OF THE CONDUCTOR ON CAPACITANCE OF INSULATORS -~ The size
and length of the object placed in the conductor groove also affects

the capacitance. Since it was desired that the results obtained in
the capacitance measurements be compared with other tests made, a

condustor similar to the one employed in the puncture tests was used.

THE EFFECT OF THE PIN ON CAPACITANCE OF INSULATORS - The object used
in the insulator pin hole would also affecf the capacitance. Some of
the insulators were provided with metal thimbles vhich were cemented
in the insulator. In order to secure good contact and uniform results,
mercury was placed in the pin hole of all insulators not provided with

metal thimbles.

THE ACCURACY OF THE METHOD EMPLOYED - From the above considerations
it can be seen that the method employed is accurate, and that the
results obtained by this method should be reliable at normal insu-
lator frequencies and voltages. It is possible that if accurate
measurements had been made at these normal voltages and frequencies
that the results would have been slightly more valuable. However,
at these voltages and frequencies such measurements would be very

difficult to make,




CAPACITANCE SUREMENTS
Section III

In the preceding section the theoretical side of the capaci-
tance measurements has been given. This section will include a de-
tailed description of the apparatus used and the method employed in

making the measurements.

INSULATORS MEASURED - Insulators from six different manufacturers
were tested. These were divided into three classes: 13-17 kilovolt;
45-55 kilovolt; and 66 kilovolt. In each class there were ten in-
sulators from each manufacturer, thus measurements were made on a
total of 180 insulators. The manufacturers of the insulators are as
follows:

Westinghouse Electric & Manufacturing Co.

Locke Insulator Manufacturing Co.

Lapp Insulator Co.

Re Thomas & Sons

Porcelain Insulator Corporation

Ohio Brass Company

THE VACUUM TUBE OSCILLATOR - The wiring diagram of the oscillator is

shown on Page 11 topether with a list of the individual pieces of
apparatus. Photographs are included on Pages 17 and 18 which give a
fair idea of the arrangement of the various units., The oscillator
vas designed and built in such a manner that it could at a later date,

with slight modifications, be used for much lower frequencies. For
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Wave lMeter

Thermo-Galv,

LIST OF APPARATUS

Radiotron 5-watt oscillator tubes. UV 202.
Giblen-Remler inductance coils Type 35.
Ordinary telephone induction coil.

Output coil. Approx. 30 turns #18 wire.
Wave lMeter coil. Coil B.

Aome Low loss variable air condenser,
capacitance 0.000016~0,0005 mfd.

Dublier By-Pass condensers., 2.0 mfd. Type
659,

Wave meter precision air condenser,
Capacitance of the insulator to be
measured.

Two 27,000 ohm fixed resistances,

General Electric Company.

0~12 ohm filament rheostat.

Precision Wave Meter, General Radio Corp.
Type 224 Serial #23.

Not shown in diagram - Model 425 #4355.




WIRING DIAGRAM
of the
VACUUM TUBE OSCILLATOR
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Wiring DiAGrRAM
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this reason, many of the pieces of apparatus are different from those

which would have been used had only a 500,000 cycle frequency been

desired., The oscillator proved entirely catisfﬁotory, and no trouble

was experienced with it. However, in order to determine its charac-
| teristics so that no errors would be introduced in the capacitance
measurements due to it, a study wes made of the factors which affect-
ed the frequency of the generasted current,

On the following page are shown graphically the results of
this study. The data from which these curves were plotted may be
found on Pages 109 and 110, It can be seen that the frequency 1s in-
fluenced to some extent by the filament current. As a result, in
making these investigations it was important that the filament current
remain constant, It was also noted that the coupling, or the distance
from the output coil of the oscillator to the coil of the wave meter,
affected the output in two ways. First, the induced current was
varied in magnitude; and second, the frequency was also greatly in-
fluenced. In view of the above facts, it was very important that no
change was made in the coupling while the tests were in progress; to
insure this, the oscillator output coil was securely tied to the
wave meter coil. The calibration curve and data for the oscillator
are included on Pages 104 and 10B.

Although data were not taken, and this condition is not
shown, it was found that the variations in plate voltage affected
the frequency considerably. A D. C. motor generator set which was
operated from a 12 volt storage battery, was first used to produce

the 350 volts for the plate supply. Excessive voltage fluctuations
-12-
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causing bad frequency changes caused this set to be discarded, and the
tests were completed using an A.C. motor-generator set. This set oper-
ated from 110 volts A.C., and delivered a plate voltage of 350 volts
D.C. It was more satisfactory than the first set, but was far from
perfect. It is recommended that no attempt be made to use a source

of plate voltage of this type when making measuremente of this nature.
Much more satisfactory results will be obtained from large radio "B"
batteries, or from storage cells,

It will be noted from the wiring diagram that provisions
were made for a "C" battery. It was found that the oscillator oper-
ated satisfactorily without such a battery, and for this reason none
was used, and the terminals were shorted. The filament current was

obtained from the laboratory cells.

THE WAVE METER - The wave meter used consisted of a precision variable
condenser and a thermo-galvanometer in a shielded wooden box and a
c¢0il which fastened as is shown on Pages 17 and 18 to heavy terminals
on the outside of the box. The wave meter consisted then of resis-
tance, chiefly in the thermo-galvanometer; capacitance in the form

of the variable precision condenser; and inductance, chiefly in the
form of the wave meter coil. It is therefore well adapted for making
the measurements as outlined in Section II. The condenser of the

wave meter used was very sensitive to adjustments, and thus very small
differences in capacitance settings could be observed. The thermo-
galvonometer was sensitive, but not to as high a degree as the con-

denser. This fact limited the degree of accuracy that was obtainable.



AUXILIARY APPARATUS - The photographs shown on Pages 17 and 18 show

some of the other pieces of apparatus used in obtaining the capaci-
tance of the insulators. The #10 wire shown suspended from the stand
was used to make contact with the insulator pin and close one side of
the circuit. A linen thread of very high resistance was used to
support the wire and thua.inaure that the circult capacitance was the
same both with and without the insulator in place. The end was pro-
vided with an adjustable contact wire so that connections could be
made to the different sizes of insulators.

The manner in which the comnections were made to the other
side of the circuit is evident from the photographs. A brass tube
0«5 inch in outside diameter, 0.375 inch in inside diameter, and one
foot long was used in the conductor head. The photograph on Page 17
shows one of the tubes in place on the insulator, and a similar tube
laying on the stend., As can be seen, connections were made from the
conductor on the stand to the wave meter with another brass tube
having an outside diameter of approximately the inside diameter of

the tube used as the conductor.

METHOD OF MAKING CAPACITANCE MFASURFMENTS - The above discussion of
the theory and description of the apparatus make the method of obtain-

ing the capacitance obvious. The oscillator was first adjusted to
the proper frequency of approximately 500,000 cycles per second.
After this had been done the conductor was securely tied in the con-
ductor groove of the insulator to be tested with a #6 annealed copper

tie wire. 1In all cases only one turn was placed around the insulator
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tie wire groove. The insulator was then placed in position as shown
on the following pages, and the precision condenser of the wave meter
was adjusted until resonance was obtained as indicated by the maximum
deflection of the thermo-galvanometer. In order to partly compensate
for any errors in reading and adjusting the wave meter, and also in
consideration of the fact that the thermo-galvanometer was not as
accurate as the condenser, three adjustments were made for resonance,
and three readings were taken for each insulator. The insulator was
then removed from the circuit, and the conductor replaced as shown
on Page 17. With this circuit, the point of resonance was obtained
by three separate trials, and the readings recorded. Both these
readings and the three readings with the insulator in the circuit were
later averaged and these averages regarded as the correct value.

As was previously mentioned, precautions were taken to in-
sure that the frequency did not vary during the tests. As an added
precaution, whenever it vas noted that the capacitance measured, devi-
ated to any great extent from the values previously determined for
insulators of the same type and class, check measurements were takian
to insure that an error had not been made.

It may appear that replacing the conductor in the circuit
when the second set of readings were taken introduced an error. It
may appear that in doing this the effect of the capacitance of the
insulator conductor was entirely eliminated, and that as a result
all that was measured was the capacii:anoe from the pin to the tie
wire. However, careful measurements have shown that this is not true.

When the insulator is removed from the cireuit when the second set of

alb=




PHOTOGRAPHS OF APPARATUS

)T



UPPER PHOTOGRAPH
This illustration presents a view of the apparatus
with the insulator not in position, This was the
condition when resonance was obtained without the
insulator in the circuit., A tube similar to the one
in place on the insulator head is shown laying on

the stand.

LOWER PHOTOGRAPH
This illustration shows an insulator of the 13~17
kilovolt class in position on the stands This was
the condition of the apparatus when resonance was

obtained with the insulator in the circuit.



PHOTOGRAPHS OF AFPARATUS
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UPPER PHOTOGRAFH

This illustration shows as is evident, an insulator
of the 45«55 kilovolt class in place for the adjust-

ment for resonance with the insulator in the circuit,

LOVER FHOTOGRAPH

The insulator in position in thie case is one of

the 66 kilovolt class.
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readings is taken, the pin is also removed, and there is little capac-
itance between the straight wire that formerly touched the pin and the
conductor in place on the stand., Furthermore, it was mentioned that
the wave meter was shielded, and it also appears that one set of
plates of the condenser is connected to this shield. This then would
cause one wave meter terminal to be grounded, and it was to this ter-
minal that the tubes were connected. The above theory is advanced and
would seem to explain the action of the wave meter although it was not
opened to see if this were true. The non-grounded side of the meter
was used for the wire which was entirely supported in air. In deter-
mining which side of the meter would be the best for the grounded
slde, it was found that if the side which appeared to be connected to
the shield were used that the meam:od capacitance of the insulator
would be the same both with or without the conductor in place on the
table., However, it was found that if the other side were used that an
error estimated at about 15% would be introduced. In making these ca-
pacitance measurements, the side which did not introduce an error in

the results was used as the grounded side.

COMPUTATIONS AND DATA -~ The manner in which the readings were taken
and averaged has been mentioned. These readings were in condenser
settings, and it was necessary to use the calibration curve to obtain
the corresponding values of capacitance. It would have been possible
to have found each of these values directly from the curve, but this
would prove to be a slow and tedious process. On the part of the
curve used in meking these tests, the curve is a straight line, and




is plotted with values of capacitance on the Y-axis, and values of
condenser settings on the X-axis. By carefully determining the tan-
gent of the angle which the curve made with the X-axis, it was poss~-
ible to obtain a constant which when multiplied by the difference in
condenser settings gave the insulator capacitance directly in micro-
microfarads. The tangent of the angle was computed to be 0.,59. A
complete set of the capacitance data is found from Pages 73 to 102.
In studying these data it will be remembered that A, B, C, D, E, and
F refer to the various manufacturers. The insulators from 11 to 20
are of the 13-17 kilovolt class; those from 31 to 40 are of the
45-55 kilovolt class; and those from 51 to 60 are of the 66 kilovolt

class,



MEASUREMENT OF DIMENSIONS

Section IV

Vhen an attempt was made to analyze the capacitance meas-
urements, it was found advisable to make measurements of the dimen-
sions of the insulators to determine any affect that these dimensions
might have on the other characteristics of the insulators. Accord-
ingly, each of the 180 insulators which had been used for the capac-

itance measurements was measured and their dimensions recorded.

FACTORS AFFECTING INSULATOR DIMENSIONE -~ If & group of insulators is
carefully examined, it will be found that in general there are very

great deviations from the dimensions that are issued by the manu=-
facturer. The reasons for these deviations are better understood if
a brief description of the method of manufacture is given. The
materizl presented in this discussion has been taken from a pamphlet
issued by the Westinghouse Electric and Manufacturing company.6

Most high voltage insulators are formed by what is known
as the wet process, The ingredients are flint, feldspar, and clays.
After certein mixing processes, the material which is in 2 moist
state is ready for shaping. This is done by preaaihg the material
into a plaster of paris mold, and giving the insulators, or the in-
sulator parts if they are of the multi-section type, their proper
shape. After shaping the insulators, or parts, they are placed in

the release dryer which shrinks and hardens them to such an extent

that they may be removed from the mold., After a second drying, a
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trimming and a glazing process, the insulators are ready for firing.

In the firing process the insulators are placed in containers and fired
at a high temperature for from fifty to seventy hours. During this
firing a number of physical and chemical changes take place due to the
high temperature. According to the pamphlet previously mentioned, the
shrinkage is considered to be governed almost entirely by the percent-
age of the various engredients used. It would appear however, that

the firing, the grade of workmanship, and perhaps other factors would
enter into determining these large variations in dimensions from the
catalogue values. These factors are mentioned because in some cases

the datas taken show very wide variations in dimensions.

METHOD OF MAKING MEASUREMFNTE OF DIMENSIONS - Practically all of the
important dimensions of the 13-17 kilovolt class were measured. It
was found however, that they were not all necessary. As a result,
for the 45-55 kilovolt, and 66 kilovolt classes, only the thickness
from the top of the pin hole to the conductor groove and the length
of the tie wire groove were measured.

These measurements were made with an ordinary scale, steel
tape, and calipers. Thus, the degree of accuracy is not high. To
make highly accurate measurements would be very difficult, and could
probably only be made by destroying the insulators. In many cases,
the insulators were so irregular that only average values could be
obtained. The data obtained are shown on Page 106 for the 13-17
kilovolt, on Page 107 for the 45-565 kilovolt, and on Page 108 for the

66 kilovolt class. Drawings of the insulators showing the dimensions
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as specified by the manufacturers are shown on Page 24 for the
13-17 kilovolt class, on Page 25 for the 45-55 kilovolt class, and

on Page 26 for the 66 kilovolt class.
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ANALYSIS OF EXPERIMENTAL DATA

Section V

This section will be devoted to a discussion of the data
obtained, and the conclusions which have been drawn as a result of

this study.

THE CAPACITANCE OF HIGH-VOLTAGE PIN-TYPE INSULATORS - The data ob-

tained show that pin-type insulators have an appreoiablq amount of
capacitance, and that this capacitance can be readily measured by
the method outlined. The data further show that the capacitance
varies for the different types of insulators of the same general
class. The complete data are included from Pages 73 to 102, and on
Pages 28, 29, and 30, will be found a summary of the capacitance
values. To each of the six manufacturers a request was made for in-
formation regarding the capacitance of their insulators. Only one
was able to supply any figures, and as was previously mentioned,
these figures were closely in accord with the values obtained by
these tests. It is probable that the differences were due to the
tie wires and the conductors used., TFor the three classes of insula-
tors tested, the capacitance obtained was as follows:

13-17 kilovolt class 8.4 - 11,8 micro-microfarads

45-55 kilovolt class 1l0.0 - 14.4 micro-microfarads

66 kilovolt class 10.6 - 14,5 micro-microfarads

THE EFFECT OF THE TIE WIRE ON CAPACITANCE - This effect was mentioned

before, and is shown graphically on Page 32. This curve shows that
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SUMMARY OF CAPACITANCE TEST DATA

13 - 17 Kilovelt Insulators

A-1l - 11,0 mmfd. B~1ll - 11.6 mmfd. C-11l - 10,7 mmfd.,
12 b 1008 Mdo 12 - 11.‘ nlnfd. 12 - 11.0 Mfdo
13 - 10.5 Mdo 13 - 1005 wdo 13 - 1105 mfd.
14 - 10,5 mmfd. 14 - 11.5 mmfd. 14 - 11.0 mmfd. .
15 - 10.4 mmfd. 15 = 10,4 mmfd., 15 =« 11,4 mmfd.
16 - 10,5 mmfd. 16 - 11.2 mmfd, 16 - 11,1 mmfd,
17 - 10,5 mmfd. 17 = 10,4 mmfd. 17 « 10,5 mmfd,
18 - 9,7 mmfd. 18 - 11.3 mmfd, 18 - 11.3 mmfd.
19 - 11.5 Mdo 19 - 11.6 Mdo 19 - 11.8 mtdo
20 - 10.5 Mdo 20 - 1008 nlnfd. 20 - 10.2 Mdo
Average~10,54mmfd. Average-~11.08 mmfd. Average-11,05mnfd,

20 = 9,0 mmfd,

20 = 9,8 mmfd,

D-11 - 8.4 mmfd. E-11l - 9.4 mmfd, F-11 - 9,5 mmfd,
12 = 9.4 mmfd. 12 - 10,4 mmfd, 12 = 10.0 mmfd,
15 - 805 Mdo 13 - 9.7 Md. 13 g 11.0 mtd.
14 - 9.0 mmfd. 14 = 9.6 mmfd, 14 « 11,0 mmfd,
15 - 8.8 mmfd. 15 - 9,4 mmfd, 15 - 10,9 mmfd.
16 = 9,3 mmfd. 16 - 9,9 mmfd, 16 = 9.4 mmfd,
17 — 9.7 mtdo 17 g 907 mtdo 17 - 10.9 mrd.
18 - 9.1 mnfd, 18 - 901 mmfd. 18 - 1005 mtdo
19 = 8,8 mnfd. 19 = 9,5 mmfd, 19 = 10.4 mmfd,

20 = 10,4 mmfd.

Average~9,10 mmfd, Average~9.65 mmfd, Average-10,38mmfd.,

Averages

A -~ 10,54 mmfd.
B e 11.08 mtdo
0 g 11.05 mfd.
D - 9010 ma.
E -~ 9,65 mmfd.
F == 10,38 mmfd,
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SUMMARY OF CAPACITANCE TEST DATA

45 - 55 Kilevolt Insulators

A=31 - 12.6 mmfd. B-31 - 12.4 mmfd. C=31 - 11,6 mmfd.
32 = 13.6 mmfd. 32 = 11,7 mmfd, 32 - 1l.4 mmfd.
33 = 13,3 mmfd. 33 = 11,6 mmfd, 83 = 11,3 mmfd,
34 - 12,6 mmfd, 34 - 12,9 mmfd, a « 11,7 mmfd.
35 = 14.4 mmfd. 35 - 12,1 mmfd, 35 - 11.6 mmfd.
5‘ o | 13.4 nmfd. 3‘ - 1108 mtdo 36 - 12.2 mfd.
37 = 12.6 mmfd. 37 = 11,6 mmfd, 37 - 11,7 mmfd.
38 - 12.0 mmfd., 38 = 12,0 mmfd, 38 - 12,3 mmfd,
39 - 12,9 mmfd. 39 = 12,3 mmfd, 39 = 1l1.9 mmfd,
40 - 13.8 mmfd. 40 - 11,6 mmfd., 40 = 11l.4 mmfd.

Average-13,12 mmfd. Average~12.00 mmfd, Average-1l1,7lmmfd.

D3l =~ 10,4 mmfd. E-31 - 11,1 mmfd. P31 - 11.2 mmfd.
32 - 11,5 mmfd. 32 = 11.1 mmfd. 32 = 11,3 mmfd,
33 = 10.9 mmfd. 33 = 10,0 mmfd. 33 = 11.1 mmfd.
34 « 11.0 mmfd, 34 - 10,0 mmfd., 34 - 11.0 mmfd.,
35 - 10,9 mmfd., 35 = 11.0 mmfd, 35 = 11.1 mmfd.
36 = 10,3 mmfd. 36 = 11.0 mmfd. 36 - 11.0 mmfd.
37 = 10,5 mmfd, 37 = 10,7 mmfd, 37 = 11.3 mmfd,
38 - 10,7 mmfd. 38 = 10,4 mmfd, 38 - 11,1 mmfd,
39 = 11,3 mmfd. 39 = 10,3 mmfd, 39 - 11,0 mmfd,
40 = 11,3 mmfd. 40 = 10,7 mmfd, 40 - 10,7 mmfd.,

Average-10,88 mmfd. Average~10,60 mmfd. Average-11,08mmfd,
Averages
‘ —e 13.12 Md.
B == 12,00 mmfd,
C == 11,71 mmfd.
D -~ 10,88 mmfd.
E -~ 10,60 mmfd e

F -- 11,08 mmfd,
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SUMMARY OF CAPACITANCE TEST DATA
66 Kilovolt Insulators

A-51 - 12,3 mmfd. B-51 - 12.7 mmfd. C-51 - 14.2 mmfd.
52 - 12.6 lllnfd. 52 ol 13.0 mfdo 52 - 13.9 mlfd.
55 - 1206 mtdo 2 53 "~ 12.9 Mdo 53 -3 1307 Mdo
54 -~ 12,2 mmfd. 54 - 12,7 mmfd, 54 - 14.2 mufd,
55 - 12.0 Mdo 55 - 1207 Mdo 55 - 14.5 mtdo
56 - 12.2 mnfd. 56 - 1207 Mfdo 5‘ - 1401 Ilnfd..
57 - 11.9 mfd. 57 | 1300 mfd. 57 - 1509 mtdo
58 = 12,5 mmfd, 58 = 13.0 mmfd. 58 = 14,3 mmfd,
59 - 12,3 mmfd, 69 - 12,7 mmfd, 59 = 14,4 mmfd,
60 - 1205 mnfd. 60 - 1208 mufd,. 50 - 1‘02 mmfd,

Average~12,31 mmfd, Average-12,.62 mmfd. Average~14,.1l4mnfd,

D-51 - 12,6 mmfd,

62 - 11,5 mmfd,
53 L= 12.3 Mdo
54 - 11,7 mmfd,
55 - 12,1 mmfd.
56 = 11,5 mmfd,
57 = 11,7 mmfd,
658 = 12,1 mmfd,
59 - 12,0 mmfd.
‘O - 12.2 mtdo

Avdrage-11,97 mmfd.

BEHUQW

E-51 -~ 11,4 mmfd,

52 = 11.8 mmfd,
53 - 12.0 mmfd,
54 - 11,7 mufd,
556 = 11,6 mmfd,
56 - 1l.4 mmfd,
57 = 11.8 mmfd.
58 = 11,7 mmfd.
59 - 11.9 mmfd,
60 - 12,0 mmfd.

Average-11.73 mmfd.

«31 mmfd,
«82 mmfd.,
o14 mmfd,
«97 mmfd,
«73 mmfd.
«91 mmfd,

cbELRbR
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F-51 - 10,7 mmfd.

62 - 10,6 mmfd,
63 = 11,0 mmfd,
64 - 10.9 mmfd,
55 « 11,0 mmfd,
56 L] 1009 Mdo
57 - 10,9 mmfd,
58 = 11,0 mmfd,
569 - 11,2 mafd.
‘0 - 10.9 mdo

Average-10,.91mmfd,



the size of the wire affects the capacitance considerably. Apparent-
ly on the insulator A-35 which was used there was a point below which,
and another point above which, the size of the wire did not influence
the capacitance as much as it did between these points. The data
from which these conclusions regarding the tie wire are drawn.is on

Page 33.

THE EFFECT OF CONDUCTOR SIZE ON CAPACITANCE - Tests were not made to
show this effect; however, it can be inferred from a study of the
effect of the size of tie wire, that the size of the conductor would
also influence the capacitance. Also, the length of the conductor
and the cross-arm (in case measurements were made to very closely

approximate service conditions) would also cause the capacitance to

varye.

THE EFFECT OF THE PIN ON CAPACITANCE - Although no data were taken,
it is obvious that the size of the pin used, and the distance the

pin was screwed into the insulator would also affect the capacitance.
To insure uniform results, in meking measurements some substance such
a8 mercury should be used in the pin hole to insure a good contact

with the porcelain. This would not be necessary with insulators pro-

vided with metal thimbles.,

THE EFFECT OF THE PERMITTIVITY ON CAPACITANCE - The permittivity, or

the dielectric constant of the porcelain would probably be one of the
controlling factors in determining the capacitance of the insulators.

No measurements were made to determine this effect, or to determine

-
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Data Showing the Effect of Tie Wire

Insulator No., A*-35

Noe. 6 Tie Wire

Ins. Out 1184.2
1184,.0
1185.0
Ave, 1184,.,4
Ins, In 1160.60
1159 .6
116045
Ave, 1160.0
Diff, 24.4

Capacitance 14.4 mnfd. Cepacitance 13.1 mmfd.

No. 8 Tie Wire

Ins, Out 1193.0
1192,.5
1193.2
Ave., . 1192.9
Ins, In 1169.0
1169,.7
1169.8
Ave. 1169 .5
Diff. 23.4
Capacitance 13.8 mmfd,

No.,10 Tie Wire

Ins, Out 1191.7
119045
11915
Ave, 1191.2
Ins, In 1168 .0
1167.,5
1168.7
Ave, 1168,.1
Diff. 23.1
Capacitence 13,6 mmfid,

*Insulator with metal thimble,

No,12 Tie Wire

Ins. Out 1191.0

Ins. In 1168,0

No.,1l4 Tie Wire

Ins, Out 1191.5
1191.4
1192.5
Ave, 1191.8
Ins, In 1171.1
1171.9
1170.9
Ave, 1171.3
Diff. 20.5
Capacitance 12.1 mmfd,

No.16 Tie Wire

Ins, Out 1190.8
1191,1
1191,0
Ave. 1191 .0
Ins, In 1172.3
1171.5
1171,0
Ave, 1171.6
Diff., 19.4
Capacitance 11,4 mmfd,

No. 20 Tie Wire

Ins, Out 1191,5
"1191.2
1191,7
Ave, 1191,5
1173.2
117345
1172.0
Ave., 117249
Diff, 18,6
Capacitence 11,0 mmfd,



this constant., The value given by those of the manufacturers who had
the information available was approximetely from five to seven. An
accurate knowledge of the permittivity of the different insulators

would probably do mch to explain the capacitance variations.

THE EFFECT OF FREQUENCY ON CAPACITANCE ~ The data included on Page 35
show that within the frequency range investigated there was no appar-

ent change in the capecitance of the insulators., It is further be-
lieved that asccurate measurements taken with either a low-frequency
or direct current would show practiczlly the same capacitance values
as were here obtained with a frequency of approximately 500,000 cycles
per second. Other 1nvest1gatora7 have obtained practically constant
values of capacitance over wide frequency ranges for materials which

are similar to electrical porcelain.

THE EFFECT OF INSULATOR DESIGN ON CAPACITANCE - With the exception of
the several studies which will be outlined in the following para-

graphs, no study of the effects of insulator design on the capaci-
tance were made. However, it is probable that the amount of porce-
lain and the form in which it is molded will cause variations in

capacitance.

THE RELATION BETWEEN WEIGHT AND CAPACITANCE -~ Since the weight is a

rough indication of the amount of porcelain present, and since the
porcelain has a permittivity of about 5 to 7 compared to air, a com-
parison was made of the weight and the capacitance for one of the
classes. A certain relation did exist, but this was the same as the
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Date Showing the Effect

of

Prequency on the Capacltance of

Ins. No.‘A-35*

Freguency 452,000 cycles per second.

Ins, Out 1234.1
1234,8
1235.0
Aveo 1234.6
Ins, In 1212.5
121243
1212.1
Ave. 121243
Diff. ' 2243
Capacitance 13,1

Frequency 577,000 cycles per second.
InE. Out 760.2

760.6
769 .8
Ave., 7602
Inse In 7384
73767
73842
Ave, 738.1

Diff. 2242
Cepacitance 13.1 mmfd.

Freguency 932,000 cycles per second

Ins, Out 300.5
30045
3005
Ave. 30045
Ins, In 2785
27840
277.8
Ave, 2781
Diff. 22.4
Capacitance 13,2 mmfd.

*Insulator with metal thimble.

-35=-

Note~The apparent capacis=
tance should decrease with
an increase  in frequency.
However, the increase in
capacitance is not great
enough to be observable,
The changes noted are due
to errors in readings.




relation between the thickness from the pin to the conductor groove
and the thickness from the pin to the tie wire groove. In considering
the effect of the weight, or of the amount of porcelain in any case

it must be remembered that an increase might actually decrease the
capacitance due to the fact that the distance between the electrodes

would also be increased.

THE THICKNESS FROM PIN TO THE TIE WIRE GROOVE AND CAPACITANCE -~ This

study was only made for the 13-17 kilovolt insulators. As can be seen,
from the diagrams issued by the manufacturers on Pages 24, 25, and 26,
in the case of the 45-55 kilovolt, and the 66 kilovolt insulators the
tie wire was not opposite, but considerably above the pin, and there-
fore, this distance was not computed. However, in the case of the
13-17 kilovolt insulators the thickness from the pin to the tie wire
groove was very important in determining the point at which the in-
sulator punctured.

If a detalled study is made of the curves for the insula-
tors of the 13-17 kilovolt class shown on Pages 49 to 54, it will be
found that no consistent relation exists between the capacitance and
the thickness of porcelain from the pin to the tie wire groove. How-
ever, in considering the curves for the average values of each type
of this class on Page 55 it will be seen that in general as the thick-

ness of porcelain from pin to the tie wire groove increzsed that the

capacitence dscreased. The close relation between the thickness from

the pin to tie wire groove, and from pin to conductor groove is also

interesting.
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THE LENGTH OF THE TIE VIRE GRCOVE AND CAPACITANCE - The insulators
with the longer tie wires would be expected to have a greater capac-

itance than those with a shorter one. An investigation was therefore
made to determine if a relation existed between the length of tie

wire groove and the capacitance. This study was made for all of the
insulators, but the data are only included for the 45-55 kilovolt,

and the 66 kilovolt classes. For the 13-17 kilovolt ¢lass, the thick-
ness from pin to tie wire groove proved more interesting,

On Page 57, the curves for the type A insulators of the
45-55 kilovolt class show a slight rise in length of tie wire groove
with a decrease in capacitance. The curves for the type B insulators
on Page 58 show no consistent relation. This is also true for the
type C insulators on Page 59, and the type D on Page 60. However, on
Page 61 the curves for the type E insulators indicate that as the
length of the tie wire decreases, the capacitance dedreases also. On
Page 62, the curves for the type F insulators show no consistent re-
lation. The averages of these values have been plotted for each type
on Page 63, These curves indicate that there is no consistent rela-
tionship for this class of insulators between the capacitance and the
length of the tie wire groove.

The curves for the 66 kilovolt class are still more erratic
with regard to consistent variations between capacitance and the
length of the tie wire groove. An examination of the curves from Page
65 to 70 will show that no consistent variation takes place. This is

also the case for the averages of these values shown on Page 71,
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THE THICKNESS FROM PIN TO CONDUCTOR GROOVE AND CAPACITANCE - The curve

on Page 49 for the 13-17 kilovolt insulators of type A do not show as
consistent a relation between the thickness of head and capacitance as
would be expected. The curves for the type B insulators on Page 50
and for the type C ineulators on Page 51 also show no consistent varia-
tions. However, for the type D insulators on Page 52 the trend of the
thickness of head curve is upward with a decrease in the capacitance
curve. It should be noticed that for these insulators both the thick-
ness of the wall and the thickness of the head are greater than for
any of the other insulators of this class. Attention is also xalled
to the fact that this type of insulators had the lowest capacitance

of any of the insulators of this ¢lass. The curves for the type E in-
sulators, and for the type F insulators shown on Page 53, and 54,
respectively, both show a tendency for thickness of head to be associ-
ated with decrease in capacitance.

Although for individual insulators of a given class the var-
iations in thickness from conductor groove to pin hole may not in all
cases be associated with consistent variations in capacitance, the
curves for the averages of each'type on Page 55 show clearly that a
relation does exist, In general, a thick head will mean a lower ca-
pacitance than a thin one.

Since the design of the 45-55 kilovolt class was different
from the 13-17 kilovolt class, the former class being of the multi-
section type, and as a whole, much more uniform in dimensions, it
is best to consider these separately. The curves for the type A

insulators of the 45-55 kilovolt class shown on Page 57 show a tendency
~38=



for the capacitance and the thickness from pin to the conductor
groove to vary directly. For the type B curves on Page 58 it can be
seen that there is no consistent relation. The curves for the type C
insulators on Page 59 also show a tendency for the capacitance and
the thickness to vary directly. The curves for the type D; the curves
for the type E; and the curves for the type F insulators on Pages 60,
61, and 62 show no consistent relations,

The averages for the 45-55 kilovolt class are plotted on
Page 63, The effect of the thickness from the pin to the conductor
is less marked than in the case of the 13-17 kilovolt insulators.
However, for this 45-55 kilovolt class there is a relationship exist-
ing; in general, an insulator which has a thick head will also have a
lower capacitance than an insulator of the same class having a thin
head.

The insulators of the 66 kilovolt class were found to be
mach more uniform than either of the other classes examined, in gen-
eral this was true of both the dimensions and the capacitance. If an
examination is made of the curves for the type A insulators of this
¢lass on Page 65, it will be found that there is no relation between
the capacitance and the thickness from the pin to the conductor
groove. The curves for the type B insulators on Page 66 indicate a
lowering in capacitance with an increase in the thickness of the in-
sulator head. For the type C insulators this is also the tendency.
An examination of the curves for the type D insulators on Page 68;
for the type E insulators on Page 69; and the type F insulators on

Page 70 will show no apparent relationships existing. The close
-39 =



agreement in the uniformity of dimensions and the uniformity of the
capacitance values for the type F insulators is interesting.

The curves for the averages of these 66 kilovolt insulators
are on Page 71, Here it will be found that the relation between the
thickness of the porcelain from the pin hole to the conductor groove
is even less than for either of the other classes. Nevertheless, it
is evident that there is still a relationship existing, and that in
general a thick head will mean low capacitance, and a thin head a

relatively higher value.

THE RELATION BETWEEN CORONA AND CAPACITANCE - To determine if there

were a relation between these factors, corona formation voltage values

for the different insulators of the 45-55 kilovolt class were plotted
and compared with the capacitance values. It was found that the coro-
na voltage values decreased to some extent with decreasing capacitance.
However, the relation was not very consistent, and the curves have not
been included. These corona formation voltages were obtzined from the
data gathered by Professor lolMillan and the students who worked with

hime.

THE RFELATION BETWEEN PUNCTURE AND CAPACITANCE - The exact nature of
dielectric losses due to an alternating field is not definitely known,

and there is at present a great amount of study being carried on to
determine if possible the exact nature of these losses. An article by
Professor J. B. Whitehoada gives a very good summary of past and pres=-

ent views on the subject. There are those who advocate that alter-
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nating losses are due entirely to absorption losses, and those who
hold that there is 2 loss due to the changing flux which has been
termed dielectric hysteresis. Although Whitehead® states that alter-
nating losses in solid dielestrics are due almost entirely to absorp-
tion, it is hard to make this a general statement which will fit all
cases, all frequencies, and all dielesctrics. In an article considering
the design of porcelain antemnna insulators, W. W, Brown9 brings out the
point that dielectric losses are proportional nearly to the square of
the flux density. Although Whitehead and many others pProbably would
not agree with the idea, it is not impossible that when the exact
nature of dielectric losses is well known that it will be found that
there are changes within the atom which account for mach loss with a
rapidly alternating-dielectric field.

If there is a loss in the insulators which is proportional
fo the dielectric flux in the porcelain, this loss would also depend
on the capacitance of the insulator. Since it is well known that a
dielectric will puncture at & much lower voltage when at a high tem-
perature than at a low temperature, it was expected that a relation
would be found between the capacitance and the puncture voltage value
of the insulators. In fact, it was this phase of the subject that
first lead to the study of the capacitance of the insulators.

One of the many tests made by Professor MoMillan and the
group of students under his supervision was a determination of the
puncture voltage of the insulators, These tests were mede in accord-

ance with the specifications of the American Institute of Electrical
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I-:ngineera5 as was previously mentioned. Very briefly, the method con-
sisted of immersing the insulator in an inverted poait;lon in a metal
tank containing oil. The head of the insulator was provided with a
conductor in the groove consisting of two 0.5 inch brass tubes one foot
long which were fastened together at their centers and which were held
in place with & #6 tie wire. These conductors were in contact with the
bottom of the tank from which connections were made through ground to
one side of the high voltage transformer. The pin, in place in fhe
insulator, was connected to the other side of the transformer. After
the connections were made the voltage was raised at a uniform rate to
about 80% of the puncture value to determine with the sphere gap the
transformer ratio. The voltage was then removed to permit the sphere
gap to be opened so that it would not flash, and then the voltage was
again raised at a uniform rate until puncture of the insulator ocowrred.
Curves showing graphically the relation found between the
puncture voltage value and the capacitance are included for the 13-17
kilovolt class. Data were not available for the other classes as the
tests have not been completed. The curves for the type # insulators
on Page 49 show thet in general where the capacitance is low the
puncture voltage is also low. The curves for the type B insulators
on Page 50, and for the type C insulatorson Page 51 also show this
to be true. The curves for the type D insulators on Page 52 show no
consistent variations., The curves for the type E and type F insula-
tors on Pages 53 and 54 each show in general a decreasing voltage

with decreasing capacitance. This is not what would be expected if
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the alternating flux, the magnitude of which depended on the capaci-
tance, had any predominating influence on the temperature rise in the
insulators, and therefore the puncture voltage value. However, the
averages of the different types plotted on Page 55 show that in gen-
eral, the insulators having high capacitance have also a low puncture
value, and that those having a low capacitance have a high puncture
voltage. However, a further investigation showed that this wae not
due to the effect of the capacitance.

On nge 44 data are found for these puncture voltage values
together with the point at which the insulators punctured. A summary
is also shown on Page 45. These figures show that for the type A
insulators, 100% of the individual insulators punctured from the con-
ductor groove to the pin hole. An examination of the curves on Page
55 show why this was true. The thickness of porcelain was much less
at this point than at any other. These same curves show that for the
type B insulators the difference in the thicknesses are not so marked.
The puncture data show that as a result of this, that 50% punctured
through to the tie wire and 40% to the conductor groove. The curves
for the type C insulators show that there is a wider deviation be-
tween the two thicknesses than in the case of the type B insulators,
As a result, 'IO% punctured from the conductor groove, and only ten
per cent to the tie wire groove. For the type D insulators, the
thickness of the porcelain is less to the tie wire groove, and the
greatest to the conductor groove. It is shown that as a result 80%
of the insulators of this type punctured to the tie wire groove, and
only 20% to the conductor groove. The dimensions of the type E

-43=-




PUNCTURE VOLTAGE DATA

15 - 17 Kilovolt

Insulator Loeation Puneture Insulator Losation Pune ture

Number of Punsture Voltage Number of Puncture Voltage

A-11 X 76.4 Kv, B-11 Y 96.3 Kv,.
12 X 7645 12 X 101.2
13 X 102.3 13 b 4 101.8
14 X 8l1.6 14 4 100.2
15 X 83.2 15 X 96 .4
16 X 83.6 16 Z 94.8
17 X 96.2 17 X 95.6
18 X 90.0 18 X 102.2
19 X 91.3 19 j 4 100.1
20 X 89.8 20 Y 8l1.6
Average 87.1 Average 97.0

Cc-11 X 95.0 Kv,. D-11 : 100.8 Kv,.
12 X 82.4 12 4 105.6
13 X 107.8 13 : 4 102.3
14 Z 98.6 14 p 4 116.3
15 Y 98.8 15 Y 103.7
16 X 100.4 16 X 108.0
17 X 94.2 17 X 101.3
18 X 99.0 18 b 4 99,7
19 X 100.0 19 G 107.6
20 Z 81,0 20 Y 107.7
Average 95,7 Average 105.3
E-11 Y 81.5 F-11 Y 73.0
12 Y 92.3 12 Z 99.2
13 Y 99.6 13 X 102.0
14 X 88.8 14 X 88.4
15 X 99.0 15 X 102.8
16 : 100.8 16 Y 94.0
17 Y 105.3 17 X 86.1
18 X 93.7 18 Y 97.2
19 | 97.2 19 X 95.6
20 Y 8742 20 X 84.3
Average 94.5 Average 92.7

X -- Pungtured from Condustor Groove to Pin Hole
Y -~ Punctured from Tie Wire Groove to Pin Hole
Z -- Pungtured from Top of Head to Pin Hole

ey



FEEE EE

LOCATION OF PUNCTURES

18 - 17 Kilovolt

Conductor Groove to Pin Hole

Conductor Groove to Pin Hole
Tie Wire Groove to Pin Hole
Top of Insulator to Pin Hole

Conductor Groove to Pin Hole
Tie Wire Groove to Pin Hole
Top of Ineulator to Pin Hole

Tie Wire Groove to Pin Hole
Conductor Groove to Pin Hole

Tie Wire Groove to Pin Hole
Conductor Groove to Pin Hole

Conductor Groove to Pin Hole
Tie Wire Groove to Pin Hole
Top of Insulator to Pin Hole

588 &3 38 3ud s&s &



insulators are more nearly the same than the type D insulators, and as
a result 705 punctured to the tie wire groove and 30% through the head.
The values for the type F insulators indicate that these should punc-
ture from pin to conductor groove more often than from the pin to the
tie wire groove. Such was the case, 60% puncturing to the conductor
groove, and 30% to the tie wire groove. Therefore, if the dimensions
are known, it is possible in general to predict the point at which

the insulator will fail.

From the above considerations it may be concluded that there
is a relation between the capacitance and the puncture voltage, but
that this relation is determined by the thickness of porcelain which
also generally determines the point at which the insulators puncture..
At 60 cycles it would appear that the cepacitance of the insulator
would not determine the puncture voltage value although it might
influence this value. However, if the discussion by W. W. Brown® is
true, at radio frequencies the capacitance might be the factor which
largely determined the puncture value., Mr., Brown's statement is as
follows:

"We must not loose sight of the fact that flux densities
which are permissible in insulators for 60 cycles can seldom be used
in insulators subjected to radio frequency continuous waves because

of the high dielectric loss."
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CONCLUSIONS

Section VI

The major conclusions to be drawn from this study are as
followa:
(1) High-voltage pin-type insulators have an appreciable amount of
capacitance which was found to vary from about 8 to 15 micro-micro-
farads.
(2) The tie wire influences the capacitance to some extent., Within
certain limits, an insulator with a large tie wire will show an in-
orease in capacitance over the same insulator with a small tie wire.
(3) The frequency at which the measurements are made does not influ-
ence, to any great extent, the capacitance of the insulators,.
(4) Various factors of design such as weight, thickness from pin to
tie wire groove, and thickness from pin to conductor groove affect
the capacitance, although the general laws are difficult to deter=-
mine.
(5) There seems to be no consistent relation between corona and the
capacitance of insulators.
(6) A relationship exists between the punscture voltage and capacitance
which is entirely due to the thickness of the porcelain which detere
mines both the puncture voltage and capacitance.
(7) From a knowledge of the thickness of porcelain it is possible
to predict at what point the insulator will fail,
(8) Althouéh at 60 cycles the capacitance does not determine the

puncture voltage, at radio frequencies it might be the determining

factor.
*7-



13-17 KILOVOLT INSULATOR CURVES
Section VII
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45-55 KILOVOLT INSULATOR CURVES
Section VIII

56w



TrT

TOT

T

R W A
N R
V.

T

T

RN

LS SR N

T

AR )

T
T

LTS

T

T
s mET .

L
RN )

')

LSRN AN W

TOLETETT

5

SEEEESE

T

g

SRR RN

=
K

4
=

T

Tt

s
T
I
"

rnw

nE

T

nenE

et
NS

T

e

RS
-

NO. N 3E84-4Q

N.Y.

KEUFFEL & ESSER CO,,



NO. N 3£4-4G

N. Y.

KEUFFEL & ESSER CO.,

h ol B
T H
H H
- 1
H
b -
s w -
{ H
=
H
1
}
+
1
-
R
T H
RaRARARNR CHg ¥
R H
Raasnt. 28 muy
HEHe HH
KN = pmp b
o e
H T B
i mnn
rHH _. e
ans i H P
H H e
AN A i -4
H a H e
o & u wane 0
REEuEows mm nww
R B "
AN B gee
HH-Fe HHH
H-4- e Hi34 4 |4
H HH HH HHEH
Sazi muw
SR EaE

TR e
mE
0
T
o
R
TTT
-
1
1

¥

ST
T

T
T

T
e

. T i
o8 1T
i) it
1 T
1 Tt
T i T Ty L T
: _ o Lﬂ&&
o
Aunu 5 £ ju 9
. L it e 5 W
1
g




NO. N 384.4G

N. Y.

KEUFFEL & ESSER CO.,

HH
H
T
T
a3
-
T
i o
T e
ﬁ Tt H
. "
anE s "
¥ " -
EEEEN L5 . 25 .
R wu -
TR =u =
5 H
- -
o an
H t +F 11 144
HH u -
s I us
1t .- .
HH 1
use s s ou
uml ¥ " =
HHH i H
e 1 10T nw
¥ -
8 =
ERREN A =
aninuas
FHH ’
.
T
Tt
Tt
T
¥
T
CE
.
HH s t
T TH
H a
1T
o T
..
s 1
T
=
T
-
] ]




NO. N 2E64-4G

N. Y.

i
T

' KEUFFEL & ESSER CO.,

A § -
H T
T H
- H
o .
1
"
" T
. T
A
¥ ]
i
A »
= = e
» Xy u
] HH ]
ax »
A H] H
T . H
mEan: fHan w =
T : s H
EEEON T
e s a8
H H H
o e
nus e
I "
“:nm -
a FHH .
uans ..
1] ] 1
- : = sun "
ani
aus
S 3 )
Tt
s
Tt
1
T
“wn s
i
T
T
Buman
o
T Tt
1 T
o it
T
THE Tt
T 4. o




Tt
cnu

NO. N 384-4G

N Y.

KEUFFEL & ESSER CO,,

¥
T
1 H
4 H
H
{
H
1 . .-
"“ nw
hua g5 <SREE
sana usw -
o =
H H
e L -
HHH
HTH tH
sEw 11
{ 44
T g
4 T tH
H e H
HHH 1 HH
oH amuaw maEw mus
aEdn ue . !
EEaEE) ENEN HuE
HH 1 REREE SEwE REE
i EEEEE) ERE ma
14 - - o 14
HEEH 1 EERE) EaE Eai
e 1 sux EBE
N
HAH
t
i
HEH

o
1
I
T
1

I

= yuE
=n Tt T




T

FEEE

Lpd
_—

e

" .

X

NO. N 3E4-4C

N. Y.

KEUFFEL & ESSER CO,,

BN SN

T

RS S

e m
5

n2

T

T

T

0
(AR AR NS

EUANEE S ES
T
ERERER E

SR ERAEER R
oot
REERAEE A

MBS EEE

T
T
o

T
o
58

L m3

11

R




NO. N 384-4G

N. Y.

KEUFFEL & ESSER CO.,

b+t
H
H
H
H
H
]
H
HHH -
HHH '
CH tH -H
- =
HH H
B
FHEHHHEHHH i
HH
3888 21 HH
HH HH
HHHH HH
e
o

cH
ua
Anse )
auaa i H
HHH i H H
) ay
EREanY timdn HH
e b i s
uxn Euse
BERaE b
i s
aua H
: +
t
T
T
] == CEEH
FHE £+ IRRaRa Sy
CH T F HH
sans H H HH
it TELT 1T ..
t 1 1 1 "
s + t H =
+ + 't i pee
N i 3 ) b-ydd
aasm
st
auEn
HH Ht
HE e
3 H
Ht
aus
o




66 KILOVOLT INSULATOR CURVES
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CAPACITANCE TEST DATA
Section X

13-17 Kilovolt, Pages 73 - 82

45-55 Kilovolt, Pages 83 = 92

66 Kilovolt, Pages 93 =102
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Ins., No. A-11%

Ins, Out 1166,.8
1166 .4
1167.0
Ave, 1166.7
Ins, In 1148.2
1147.8
1147,.9
Ave. 1148.0
Diff, - 187
Capacitance 11,0 mmfd.

Ins, Noe. A~ 12

Ins. Out 1165.0
1165.2
1165.0

Ave. 1165,.1
Ins, In 1147.2
1147.7
1147.8

Ave, 1165,1

Diff, 17.5
Capacitance 10,3 mmfd,

Ins, No. A-18

Ins, Out 1164.7
1165.0
1164.6

Ave. 1164,.8
Ins, In 1147.3
1146,.,8
1146,.8

Ave, 1147.0

Diff. 17.8
Capacitance 10,5 mmfd,

Capacitance Test Data

Ins, No. A=14

Ins. Out 1164,7
1164,7
1164,7
Ave. 1164,7
Ins, In 1147.0
1146.5
1147.2
Ave, 114649
Diff. 17.8
Capacitance 10,5 mmfd.

Ins, No. A-15

Ins., Out 1165:0
1165,1
1165.4
Ave. 1165,.2
Ins. In 1147.4
1147 .4
1147,.7
Ave, 1147,.,7
Diff, 17,7
Capacitance 10.4 mmfd

Ins, No. A-16

Ins, Out 1165.3
1164.8
116542
Ave. 1165,.1
Ins, In 1147.5
1147,0
1147,.0
Ave, 1147,.,2
Diff, 17.9
Capacitance 10,5 mmfd,

*Insulator checked to determéne if error had been mede in measuring

the capacitance



Capacitance Test Data

Ins, Noe. A-17

Ins, Out 1164.5
1165,.0
1165,.,2
Ave, 1164.9
Ins, In 1146,.,5
1146.3
1146.7
Ave, 1147,1
Diff, 17.8
Capacitance 10.5 mmfd.

Ins. No. A-18%

Ins, Out 1163.0
1162.8
11630
Ave. 1162,
Ins, In 1146,5
11463
114647
Ave, 1146,.5
Diff., 1l6.4
Capacitance 9,7 mmfd.

Ins., No, A-19*

Ins, Out 1164.5
1164.0
1163.8
Ave. 1164,1
Ins, In 1144,5
1144,8
1144,7
Ave. 1144,7
Diff, 19.4
Capacitance 11,5 mmfd,

Ins, No. 4-R0

Ins. Out 1163.5
1164,.2
1164,0
Aveo 116309
Ins, In 1146.0
1146.0
1146.3
Ave, 1146,1
Dife, 17,8
Capacitance 10,5 mmfd

Ins. No. B-ll

Ins « Out 1165 0
1164.5
1164,8
Ave, 1164.8
Ins, In 1144,9
1145,1
1145,.,6
Ave, 1145,.2
Diff, 19.6
Capacitance 1l.,6 mmfd,

Ins., No. B=12

Ins. Out 11l64.9
1164,9
1164.0
Ave. 1164.6
Ins, In 1145,0
' 1144,9
1144,9
Ave, 1144.9
Diff, 19,7
Capacitance 11,6 mmfd,

*Insulator ehecked to determine if error had been made in measuring

the capacitance



Capacitance Test Data

Ins, No. B-~13

Ins. Out 1163.5
1163.9
1164,0
Ave, 1163.8
Ins, In 1145.3
1145.2
1145,5
Ave, 1145,.3
Diff, 18.5
Cepacitance 10,9 mmfd.

Ins, No, B=1l4

Ins, Out 1164.7
1164,5
1165,0
Ave, 1164,7
Ins, In 1145.,3
1145,.2
1145.0
Ave., 1145,.2
Diff, 19,5
Capacitance 11,5 mmfd.

Ins, No., B=15*

Ins, Out 1165.86
1165.0
1165.5
Ave, 1165.4
Ins, In 1147, 7
1147,.6
1148,0
Ave, 1147,.7
DIfL, 17,7
Capacitance 10,4 mmfd,

Ins, No., B-~16

Ins. Out 1161,5
1162.0
1161.5
Ave, 1161,.6
Ins,. In 1142 06
1142,.7
1142.5
Ave, 1142,.6
Difr. 19,0
Cepacitance 1ll.2 mmfd.

Ins, No. B-17*

Ins, Out 1164.5
1164.2
1164,.4
Ave., 1164 .4
Ins, In 1147.4
1146,.,5
1146,.6
Ave . > 1146 3 8
Diff. 17.6
Capacitance 10,4 mmfd,

Ins. NO. 3-18

Ins, OQut 116543
116543
1164.5
Ave, 1164.,0
Ins, In 11l45,2
1145,0
1144,5
Ave. 1144,9
Diff, 18.7
Capacitance 11,3 mmfd,

*Insulator checked to determine if error had been made in measubring

the capacitance.



Capacitance Test Data

Ins, No, B-19

Ins, Out 1159.9

1160,5
116042
Ave, 1160,2
Ins. In 1144.2
1138,.8
1138.7
Ave, 1140.6
Diff. 19.6

Capacitance 1l.6 mmfd,.

Ins, No. B-20*

Ins, Out 116l.4

1161.3
1161.2
Ave, 1161,.3
Ins., In 1143.9
1143.9
1143.6
ave.  1143.8
Diff. 17.5

Capacitance 10,3 mmfd.

Ins., No. C~11

Ins, Out 1160.3

1160.,5
1161.2
Ave, 1160,7
Ins, In 1142 .4
1142.5
1143,0
Ave, 1142,.6
Diff. 18.1

Capacitance 10,7 mmfd.

Ins, No, C-12*

Ins, Out 1168.3
1168,.,5
1168.0
Ave., 1168.3
InBo In 1149.9
1149,.4
1149,5
Ave, 1149,6
Diff. 18,7
Capacitance 11.0 mmfd.

Ins, No., C-13*

Ins, Out 1167.6
116845
116845
Ave, 1168.2
Ins, In 1148,6
1148,.8
1148.7
Ave, 1148,.7
Diff. 19.5
Capacitance 11,5 mmfd.

Ins, No, C-14

Ins, Out 1162.7
1162.5
1162.5
Ave, 1162.6
Ins, In 1144,2
1143,9
1143,7
Ave. 1143.9
Diff, - U7
Capecitance 11.0 mmfd.

*Insulator checked to determine if error had been mede in measuring

the capacitance.



Cepacitance Test Data

Ins, No, C~15

Ins. Out 1164.1
1164.5
1164,7
Ave. 1164,4
Ins, In 1144,5
1145,2
1145,3
Ave., 1145,0
Diff. 19.4
Capacitance 1l.4 mmfd.

Ins, Npo. C-16

Ins, Out 1151,7
1151.5
1151,1
Ave, 1151.4
Ins, In 1132 .4
1132.4
1132.7
Ave, 1132.5
Diff, 18.9
Capacitance 11,1 rmfd.

Ins. No., C-17*

Inse Out 1151.2
115142
1150.2
Ave. 1150.9
Ins, In 1133.4
1133,0
1132.8
Ave, 1133,1
Diff. 17,8
Capacitance 10,5 mmfd.

Ins, No., C-~18*

Ins, Out 1156.7
1156.7
115643
Ave., 1156.6
Ins, In 115702
1137.8
1137.5
Ave. 1137.5
Diff., 19.1
Capacitance 11,3 mmfd.,

Ins. No.C- 19%

Ins, Cut 1185.4
1165.0
1165.2
Ave, - 1165.2
Ins, In 1145.4
1145.2
1145.0
Ave, 1145.2
Diff. 20.0
Capacitance 11,8 mmfd.

Ins, No. C-20*

Ins, Out 1161,8
1162.0
116245
Ave, 1162.1
Ins, In 1145,0
1144,.8
1144,5
Ave. 1144,8
Diff, 17,3
Capacitance 10,2 mmfd,

*Insulators checked to determine if error had been made in measuring

the capacitance.



B L T S

Capacitance Test Data

Ins, No. D-11*

Ins, Out. 1155.,0

1155.4
1155,.2
Ave, 1153,.9
Ins, In 1140.2
: 1139.2
1139,5
Ave, 1139,6
Diff. 14.3

Capacitance 8,4 mmdf,

Ins, No. D=12

Ins, Out 1155,5
1155,.6
1155.7
Ave., 1155.6
Ins, In 1139.4
' 1140.3
1138.5
Ave., 1139.7
Diff, 15.9
Capacidance 9.4 mmfd.

Ins. NoO. D-].Z*

Ins, Out 1154,9
1155.0
115542
Ave, 1155,0
Ins, In 1140.5
1140.8
1140.5
Ave. 1140.6
Diff. 1l4.4
Capacitance 8,5 mmfd,

Ins, No. D-14

Ins, Out 1158.0
11573
1167 «3
Ave . 11576
Ins, In 1142.5
1142,.0
1142.0
Ave., 1142,.2
Diff. 15.2
Capacitance 9.0 mmfd.

Ins. Noe. D-15

Ins, Out 1161,5
1160.8
1160.8

Ave, 1161.0

.Ins, In 1146.0

1146.3

1146.0
Ave, = 1ll46.1
Diff, 14.9
Cepacitance 8.8 mmfd.

Ins, No. D=-16

Ins, Out 1157.2
1157.5
1157.6
Ave. 1157.4
Ins, In 1142.0
1142,5
1141,.7
Ave, 1141.7
Diff. 15,7
Capacitance 9.3 mmfd,

*Insulators checked to determine if error had been made in measuring

the capacitance.



Capacitance Test Data

Ins, No, D-17

Ins, Out 1169.5
1169 .4
1169,.8
Ave. 1169.6
Ins., In 1154.5
1153,8
1154,.5
Ave., 1154,3
Diff, 1l6.4
Capacitance 9,7 mmfd.

Ins, No. D-18%

Ins, Out 1171,3

1172.0

1171.6
Ave, 1171.6

Ins, In 1156.9

115643

1155.56
Ave, 115642
Diff., 15.4
Capacitance 9,1 mmfd,.

Ins, No, D-19

Ins, Out 1172.0
1172.8
1172 .4
Ave, 1172.4
Ins, In 1157,.6
135746
115740
Ave. 115744
Diff., 15.0
Capacitance 8.8 mmfd.

Ins, No. D=0

Ins, Out 1170.7
117065
1170.2
Ave. 1170.5
Ins, In. 115542
1165,1
11565,.2
Ave. 11556.2
Diff. , 16,3
Capecitance 9.0 mmfd,

Inﬂo NO. E-ll

Ins, Out 117202
1172,1
1172 .4
Ave, 1172.2
Ins, In 115642
1156.1
1156.5
Ave, 1156 +3
Diff. 15.9
Capacitance 9.4 mmfd,.

Ins, No, E-12*

Ins, Out 1170.8

1170,7

1171,3
Ave, e b e R

Ins, In 1154,0

1154,8

1154.2
Ave, 1154 ,3
Diff, 17.6
Capacitance 10.4 mmfd,

*Insulator checked to determine if error had been made in measuring

the capacitance.




Capacitance Test Data

Inss No. E-13

Ins, Out 1168.2
1168.7
11678
Ave, 1168.2
Ins, In 1151 .3
1152,0
11562.0
Ave, 1151,.8
Diff. 16.4
Capacitance 9,7 mnfd.

Ins, No. E-14

Ins, Out 1172.1
1172.8
117246
Ave, 1172.5
Ins, In 1156,5
1156.5
1156.0
Ave., 1156.3
Diff 16.3
Capacitance 9.6 mmfd.

Ins, NO. L-18

Ins, Out 1172.4
1172 .4
11727
Ave. 1172.5
Ins. In 1156.2
1156,.8
11568
- Ave, 115646
Diff. 15.9
Capacitance 9.4 mmfd,

Ins, No. E-16*

Ins, Out 1173.6
117249
1173.4
Ave, 1173 .3
Ins, In 1156.5
1157.0
1156.0
Ave, 11565
Diff. 16.8
Capacitance 9.9 mmfd.

Ins, No. E~17

Ins. Out 1170.5
1171.5
1171.5
Ave. 11712
Ins, In 1155.1
1154.5
1154.5
Ave, 1154.7
Capacitance 9.7 mmfd.
Diff. 16.5

Ins, No. E-18*

Ins, Out 11727
1173.0
11725
Ave. 1172.7
Ina. Ing 1157.7
1157.4
1156.8
Age. 1157 .3
Diff 15.4
Capacitance 9.1 mmfd,

*Insulators checked to determine if error had been made in measuring

the capacitance.



Capacitance Test Data

1Ds,No, E~19

Ins, Out 1169.7
1170.0
1170.3
Ave. 1170.0
Ins, In 1154.,0
1153,8
1154.0
Ave, 1153 ,9
Diff, 16,1
Capacitance 9.5 mmfd.

Ins. No. E=20

Ins, Out 1173.9
11732
1EY32
Ave., 1173 .4
Ins. In 1156.5
1156.8
1157.2
Ave. 1156.8
Diff, 1646
Capacitance 9.8 mmfd.

Ins., No. F-11

Ins, Out 1172.4
1172 .4
11721 .
Ave. 1172.3
Ins, In 1156.,5
1155,8
1156 .2
Ave. 1156.2
Diff, 1641
Capacitance 9.5 mmfd.

Ins, No. F-12

Ins, Out 1169.9
1169 .4
1169.5
Ave. 1169.6
Ins, In 1152.5
1152,.7
1153 .0
Ave. 115247
Diff. 1649
Capacitance 10,0 mmfd,.

InB. NO. F-l3

Ins. Out 1171.3
1191 ,3
1171.6
Ave. 1171.4
Ins, In 1154,5
1154,3
1154 .5
Ave, 1154.4
Diff. 17.0
Capacitance 10,0 mmfd.,

Ins, No. F-14%*

Ins., Out 1172.3
1171.8
1171.7
Ave. 1171.9
Ins, In 1153.2
1153.6
1153.0
Ave. 115343
Diff. 18.6
Capacitance 11,0 mmfd.

*Tnsulators checked to determine if error had been made in measuring

the capacitance.
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Capacitance Test Data

Inﬂ. NOI F-15

Ins, Out 1171.8
1171.5
1171.2
Ave. 1171.5
Ins, In 1153.2
1153.0
1153.2
Ave. 1153.1
Diff. 18.4
Capacitance 10,9 mmfd.

Ins, No, F=16*

Ins, Out 1170.7
1170.,5
1170.B
Ave. 1170.6
Ins. In 1155.0
1154,.5
1154.3
Ave. 1154.6
Diff. 1640
Capacitance 9.4 mnfd.

Ins. No. F=17

Ins, Out 1172.0
117260
§172.5
Ave. 1172 .2
Ins. In 1154.0
1153.8
1154,0
Ave. 1153.8
Diff. 18.4 .
Capacitance 10,9 mmfd.

Ins, No., F-18

Ins, Outll72.0
1171.6
11715
Ave. 5 5 By B
Ins. In 1154,0
1154.5
1154 .2
Ave. 1154,.,2
Diff, 17.5
Capecitance 10,3 mmfd,.

Ins., No. F=19

Ins, Out 1171.3
1172.0
1171.8
Aye. 1171.7
Ins, Ig 1154.2
" 1154.3
1153.6
Ave, 1154.0
Diff. 17.7
Cepacitance 10,4 mmfd.,

Ins, No., F=-20

Ins, Out 1171.2
1172,0
11725
Ave. 115149
Ins, In 1154,.,5
1154,0
1154,0
Ave., 1154.2
Diff, * X%
Capacitgnce 10,4 mmfd

*1nsulators checked to determine if error had been made in measuring

the capacitance,
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Ins, No. A-31 X

Ins., Out 1172.6
1172.4
1172.5
Ave. 117245
Ins., In -1150.5
1151,.5
115X 2
Ave. 1151.1
Diff. R2l.4
Capacitance 12,6 mmfd.

In’o NO. A-32 H

Ins, Out 1178,.,7
1178,3
1178.8
Ave, 1178.6
Ins, In 1156,0
115543
1155,5
Ave, 115546
Diff. R23.0
Capacitance 13,6 mmfd.

Iﬁ‘o Ng‘ A-53 ;‘

Ins, Out 1175.5
117640
117545
Ave. 1175.7
Ins, In 1153.1
1152,.8
1153.5
Ave, 11563,1
Diff. 2246
Capacitance 13,3 mnfd.

Capacitance Test Data

M - Insulabor with metal thimble.
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Ins., Noo A=34 M

Ins, Out 1177.2
1177.8
1177.0
Ave. 11773
Ins, In 1156.2
1155,.8
1156.,0
Ave. 1156 .0
Diff. 21.3
Capacitance 12.6 mmfd.

Ins, Nos, A-36 M

Ins, Out 1183.0
1183.0
1183.2
Ave, 1183.2
Ins, In 1158.7
1159 /0
1158,.8
Ave. 11588
Diff. 24.4
Capacitance 14,4 mmfd.

Ins, Noe A-36 M

Ins, Out 1180.5
1180,5
11797
Ave, 1180.2
Ins, In 1157.3
1157.6
1167,.5
Ave, 1157.5
Diff. ;. '2ReT
Cepacitance 13.& mmfd,




Cepacitance Test Data

Ins, No. A=-37

Ins, Out 1174.5
1174.0
1173,.1
Ave. 1173,9
Ins, In 1152.7
1152.9
1152,.0
Ave, 1152 .5
Diff, 2l.4
Capacitance 12,6 mmfd.

Ins, No., A-38

Ins, Out 1177.0
1177.6
11775
Ave, 1177 .4
Ins, In 1157.,5
1157.0
1156,5
Ave., 1157,0
Diff. 20.4
Capacitance 12,0 mmfd.

Ins, No. A=39 M

Ins, Out 1217.7
1218,2
1217.5
Ave. 1217.8
Ins. In 1195.4
1196.2
1196.0
Ave, 1195 09
Diff, 21,9
Capacitance 12,9 mmfd.

M - Insulator with metal thimble.

-84~

Ins, No. A-40 M

Ins. Out 1181l.4
1182.0
1181.5
Ave. 1181.6
Ins, In 1158,0
1158.7
1157.8
Ave, 115842
Diff., 23.%
Capacitance 13,8 mmfd.

Ins., No., B-31

Ins, Qut 1177 0
LT 1T
1LA7:0
Ave, 11773
Ins, In 11867,5
1157.0
1157,0
Ave., 11572
Dife, 2l,1
Capacitance 12.4 mmfd,.

Ins, No. B=32

Ins, Out 1175.5
1175.8
1175.9
Ave, 1175.7
Ins, In, 1155,5
1156.0
1156.2
Ave, 1155,.9
Diff. 19.8
Cepacitance 11,7 mmfd,



Capacitance Test Data

Ins, No. B=33

Ins, Out 1220.1
1219,9
1219.6
Ave., 1219.,9
Ins. In 1200.7
1200,0
1200.0
Ave., 1200.2
Diff, 19.7
Capacitance 1l.6 mmfd.

Ins, No. 354*

Ins, Out 1170,0
1169.5
1170.0
Ave, 1170,.8
Ins, In 1149,0
1149.,0
1148,.9
Ave. 1149 ,0
Diff, 2l1l.8
Capacitance 12,9 mmfd,

Ins, No. B=35

Ins., Out 1159,1

1160,.8

Ins 1160.0
Ave. 1169,9

Ins, In 1140.0

1138.4

1139,.8
Ave, 1139 .4
Diff, 20.5
Capacitance 12,1 mmfd.

Ins. No. B=-36

Ins. Out 1172,.8
1172.,0
11725
Ave, 1172.4
Ins, In 1152,5
1152,.7
11520
Ave, 1152 .4
Diff. 20.0
Capacitance 11,8 mmfd.

Ins. Noe. B=37

Ins, Out 1268.2
1268.8
1267.5
Ave, 1268.2
Ins, In 1248.4
1248.5
1248,5
Ave,  1248.5
Diff., 19.7
Capacitance 11,6 mmfd.

Ins., No. B=38

Ins, Out 1160,3
1161.2
1161,.1
Ave, 1160,.9
Ins. In 1140.8
1140,7
1140.2
AvVe, 1140,6
Diff, 20,3
Capacitance 12.0 mmfd.

* Tnsulator checked to @etermine if error had been made in measuring

the capacitance,
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Capacitance Test Data

Ins., No. B-39

Ins, Out 1161.0
1161.,0
1161.2
Ave, 1161.1
Ins, In 1140.5
1140,.1
1140.2
Ave. 1140.3
Diff. 2048 -
Capacitance 12.3 mmfd.

Ins, o, B=40

Ins, Out 1160.8
1159.8
1161,.1
Ave., 1160.6
Ins, In 1141,0
1140,8
1141.2
Ave. 1141,0
Diff. 19.6
Capacitance 11,6 mmfd.

Ins, NO’ C-31

Ins, Out 1175.5

1174,.8

117545
Ave. 1175.3

Ins, In 1155.4

1155.8

1155.5
Ave. 1155,.,6
Diff. 19,7
Capacitance 11,6 mmfd,

M Insulator with metal thimble
-86=

Ins, C-32 M

Ins. Out 1173.0
1172.0
1172.2
Ave., 1172 .4
Ins, In 1152.8
1153,0
1153.3
Ave, 1153,0
Diff. 19.4
Capacitance 11l.4 mmfd,

Ins, No. C=33 M

Ins, Out 1173,5
1173.8
1173.9
Ave, 11737
Ins, In 115402
1155.4
1154.2
Ave, 1164.6
Diff. 19.1
Capacitance 11,3 mmfd,

Ins, Noe C-34 M

Ins, Out 1177.9
1178,.2
1179.0
Ave. 1178.,4
Ins, In 1159.0
1158,.,5
1158,.2
Ave. 11866
Diff, 19.8
Capacitance 11,7 mmfds



Capacitance Test Data

Ins, No., C=35 M

Ins, Out 1178.2
1177.0
117667
Ave, 1177.3
Ins. In 1157.5
115745
1158.,2
Ave, 115%7 .7
Diff. 19.6
Capacitance 11,6 mmfd.

Ins, No, C-36* M

Ins. Out 117809
1177.5
1177.0
Ave., 1177.8
Ins, In 1158.2
1156.5
1156.5
Ave, 315%7.1
Diff. 2067
Capacitance 12.2 mmfd.

Ins. Noe. 0451 M

Ins, Out 1178.1
117840
1177.8
Ave, 1178,.,0
Ins, In 1157.9
1157,.,7
1159,.0
Ave, 1158.2
Diff. 19.8

- Capacitance 11,7 mmfd,

Ins, Nos, C=38 M

Ins, Out 1178.5
1178,.0
117645
Ave, 1177.7
Ins, In 1157.0
1156.8
1157,1
Ave. 1156.9
Diff. 20.8
Capacitance 12,3 mmfd.

Ins, No, C-39 M

Ins. Out 1178.3
1178,.,4
1178.5
Ave, 1178.4
Ins, In 1159.0
1157.,5
1158,0
Ave. 1158.2
Diff., 20.2
Capacitance 11,9 mmfd.,

Ins, No, C~40 M

Ins, Out 1178,5

11775

1178,0
Ave, 1178,0

Ins, In 1159.4

1158,0

1158.5
Ave, 115846
Diff., 19.4
Capacitance 1l.,4 mmfd.

*Insulator checked to determine if error had been made in measuring

the capacitance.

M - Insulator with met

al thimble.
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Capacitance Test Data

Ins, No, D=31

Ins, Out 1166.2
116644
1166.8
Ave, 116605
Ins, In 1148.5
1149.0
1149.2
Ave, 1148,9
Dife, . Y76
Capacitance 10,4 mmfd.

Ins., ¥o, D=32

Ins, Out 1247.8
1248.3
1248.5
Ave. 1248.2
Ins, In 1230.3
1230.0
1230.8
Ave, 1230.,4
Diff. 17.8
Capacitance 11,5 mmfd.

Ins. No. D=33

Ins, Out 116308
11é4.1
1163.7
Ave, 1163.9
Ins, In 1145.,7
1145,7
1145,.2
Ave, 1145.5
Diff. 18.4
Capacitance 10,9 mmfd.,

Ins, No.D=34%

Ins. Qut 1161,.5

1161.2

1161.5
Ave, 1161.4

Ins, In 1142,5

1143.2

1142,3
Ave, 1142.7
Diff, 18,7
Capacitance 11,0 mmfd.

Ins., No., D-35

Ins, Out 1160,5
1161,1
1161,.3
Ave. 1161.0
Ins, In 1142.3
1143,0
1142 ,5
Ave, 1142,.6
Diff. 18.4
Capacitance 10,9 mmfd,

Ins, No, D-36*

Ins, Out 1156.5
1157.8
11567,1
Ave., 1156,.9
Ins, In 1139.6
1139,.,5
1139,5 -
Ave. 113905
Diff. 17.4
Capacitance 10,3 mmfd,

*Insulator checked to determine if error had heen made in measuring

the capacitance,
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Cepacitance Test Data

Ins. No., D-37

Ins. Dut 1156.9
1156 .5
11565
Ave, 1156.6
Ings, In 1138,7
113843
1189,5
Ave, 1138,8
Diffs  17.8
Capacitance 10,5 mmfd.

Ins. NOo D-{’»G"‘

Ins, Out 1165.2
116548
116542
Ave. 1165.4
Ins, In 11l47.2
1147.5
1147.0
Ave, 114742
Diff, 18.2
Capacitance 10,7 mmfd,

Ins, No. D-39*

Ins, Out 1166.0
116640
1165.9
Ave o 1166 .0
Ins, In, 1146.8
1147,.,5
1146.4
Ave, 1146.9
Dife, 19,1
Capacitance 11,3 mmfd.

Ins., No., D=40*

Ins, Out 1165.5
1165.4
116547
Ave. 116545
Ins, In 1146.2
1146.8
1146,3
Ave. 1146.4
Diff. 19.1
Capacitance 11,3 mmfd,

Ins, Noe E~31 M

Ins, Out 1182,7
1182.7
Ave, 1182.6
Ins, In 1164.0
1163.8
1163 .4
Ave, 1163.7
Diff. 18.9
Capacitance 1l.,1 mmfd.

Ins. No, D-32* M

Ins, Out 1181.8
118045
1181.2
Ave. 1181.2
Ins, In 1162.7
1162.1
1162.0
Ave, 1162.3
Diff.,, 18.9
Capacitance 11,1 mmfd,

*Insulator checked to determine if error had been made in measuring

the capacitance,

M Insulator with metal thimble.
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Cepacitance Test Data

Ins, No, BE-33

Ins, Out 1169.5

Ins., No., E-36*

Ins, Out 1171.8

1169.5 1171.2
1170.2 1170.5
Ave. 1169.7 Ave. 1171,.2
Ins, In 1152,0 Ins. In 1153.0
1153 .4 1153,6
1152.6 1152.7
Ave. 1152.7 Ave, 1163.1
Diff. 17.0 Diff. .18¢%

Capacitance 10,0 mmfd.

Ins, No. E~34

Ina, Out 1168.1

Capacitance 10,7 mmfd,

Ins. No., E=37 M

Ins, Out 1182.2

116745 1181,7
116745 1182,.7
Ave, 1167.7 Ave, 1182.2
Ins, In 1150.9 Ins, In 1163.8
1150.5 1164.5
1151.0 1164.0
Ave, 1150,8 Ave. 1164,1
16.9 Diff. 18,1

Capacitance 10,0 mmfd.

Ins, No. E=35 M

Ins. Out 1182.9

1184.0 1178.2
~ 1182.9 1178,5 .
Ave, 1183 .3 Ave, 1178.1
Ins, In 1164.2 Ins, In 1160.5
1165.0 1160.7
1164.5 1160,0
Ave. 1164.6 Ave, 1160.4
Dhff. 18,7 Dift. B¢ £ 4

Capacitance 11,0 mmfd.

Capacitance 10,7 mmfd.

Ins., No. BE-38% M

Ins., Out iy g SRS

Capacitance 10.4 mmfd.,

*Insulator checked to determine if error had been made in measuring
the capacitance.

M Inshlators with metal thimble.
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Capacitance Test Data

Ins, No. E=39 M

Ins. Out 1176.3
1175.9
1176.0
Ave., . 1176.1
Ins, In 1158,7
1158,5
1158,6
Ave., 1158,6
Pife, 17,6
Capacitance 10,3 mmfd,

: Ins, No. E-40 M

Ins, Out 1172.5
1171.0
1171.0
Ave, 1171.5
Ins, In 1153.4
1153.0
1153.8
Ave, 1153.4
Diff, 18,1
Capacitance 10,7 mmfd,

Ins, No. F=31

Ins, Out 1164.5
1165,0
1164,.5
Ave, 1164.7
Ins, In 1145.7
1146.0
1145 .4
Ave., 1145,7
Diff. 10.0
Cepacitance 11.2 m=fd,

M = Insulators with metal thimble.

Ins, No. F-32

Ins, Out 1165.6
1165.2
1165.3
Ave, 1165.4
Ins, In 1146.5
1146.,0
1146.0
Ave, 1146.2
Diff., 19.2
Capacitance 11,3 mmfd.

Ins, No. F-33

Ins, Out 1163.8
1163.5
1163.5
Ave ., 1163.6
Ins, In 1144,5
1145,5
Ave, 1144,8
Diff. 18.8
Capacitance 11l.1 mmfd,

Ins, Oe F-34

Ins, Out 1163,7
1164.0
1163.3
Ave, 1163.7
Ins, In 1145.2
1145,2
1145,0
Ave, 1145,1
Diff. 18.6
Capacitance 11.0 mmfd.




Capacitance Test Data

Ins, No. F-35

Ins, Out 1162,1

1163.0

1162.6
Ave, 1162.6

Ins, In 1143,.,5

1144,0

1143.5
Ave, 1143,.7
Diff. 18.9
Capacitance 1l.,1 mmfd.

Ins, No, F=36

Ins, Out 1l62.1
1162.0
1161.8
Ave. 1162.0
Ins, In 1143.,0
1143,5
1143,5
Ave, 1143.3
Diff, 1847
Capacitance 11.0 mm:fd,

Ins, No. F=37

Ins, Out 1162.2
1162.4
1162.7
Ave, 1162 .4
Ins, In 1143,5
1143,2
1143,.1
Ave . 1143,3
Diff., 19,1
Capacitance 11,3 mmfd.

Ins, No, F-38

Ins, Out. 1159.0

1159,0
3 1158.5
Ave, 1158,8
Ins, In 1140,5
1139,9
1139.6
Ave, 1130.0
Diffs 1839

Capecitance 1l.,1 mmfd,

Ins, Noe. P=39

Ins, Dut 1156.3

1156.8
1157,7
Ave. 1156.9
Ins, In 1138.0
1138.2
1138.5
Ave, 113842
Diff, 18,7

Capacitance 11,0 mmfd,

Ins., Nos F=-40

Ins, Out 1165,.2

1166.2
1164,.,2
Ave, 1165.2
Ins, In 1146.2
1147,.8
1146,8
Ave, 1146,.9
Diffo' 1803

Capacitance 10,7 mmfd,




Capacitance Test Data

Ins, No. A-Bl

Ins., Out 1169.3
1168,3
1169.0
Ave, 1168.8
. Ins, In 1148,2
1147.9
1147,5
Ave, 1147,9
DELE, ' 2049
Capacitance 12,3 mmfd.

Ins. NOe A-52

Ins, Out 1168.5
116749
1168.0
Ave. 1168,1
Ins, In 1146.5
1147.0
1146,.9
Ave, 1146,.8
Diffe 21.3
Capacitance 12,6 mmfd.

Ins, No., A=-53

In.o Out 1259.5
1260.5
1259 .2
Ave ., 12597
Ins, In 1238.7
1237 .4
1239.0
Ave. 1238.4
Diff, Z21l.3
Capacitance 12,6 mmfd,

Ins, Noe. A-54

Ins, Qut 1161.3
1161.7
1162.5
Ave. 1161.8
Ins. In 114106
" 1141.3
1140.5
Ave, ,1141.1
Diff. 20,7
Capacitance 12,2 mnfd.

Ins, No. A-55

Ins, Out 11l62.0
1161,3
1161,.7
Ave. 1161.7
Ins., In 114l1l.4
1141.7 |
1141,0
Ave, 1141.3
Diff. 20.4
Capacitance 12,0 mmfd.

Ins, No., A-56

Ins, Out 1163.5
1161.5
1162.0
Ave, 1162 43
Ins, In 1141,7
1141.5
1141.5
Ave, 1141.6
Diff,  20.%
Capacitance 12,2 mmfd,



Ins. No, A-57*

Ins. Out 1160.8
1160.3
1160.8
Ave. 116046
Ins, In 1140,3
1140.1
1140,8
Ave. 1140.4
Diffe 20.2
Capacitance 11,9 mmfd,

Ins, No., A=58

Ind, Out 1166.3
1167.0
1167.2
Ave, 1166.8
Ins, In 1146.0
1144,9
1145.8
Ave. 1145,.,6
Diff, &2l.e
Capacitance 12,5 mmfd.

Ins, No., A-E9

Ins, Dut 1161.5

1161,.5

1161.5
Ave. 1161.5

Ins, In 1140.4

1140,.6

1140.9
Ave, 1140.6
Diff. 20.9
Capeacitance 12,3 mmfd,

Capacitance Test Data

Ins. No. A=60

Ins, Out 1166.5
116647
116643
Ave. 116645
Ins. In 114507
1145,.3
1145,0
Ave. 1145.3
Diff, Rl.2
Capecitance 12,5 mmfd.

Ins, No, B-51

Ins, Out 1161.5
1161.3
1161,7
Ave. 1161.5
Ins, In 1139.9
1139.8
1139,.9
Ave, 1139 .9
Diff, 21l.6
Cepacitance 12,7 mmfd.

Ins, No, B=b2

Ins. Out 1161l.7
1160.9
1161,2
Ave, 1161.3
Ins, In 1139,0
1139,0
1139.9
Ave, 1139 ,3
Diff. 22.0
Capacitance 13.0@mfd,

*Insulator ckecked to determine if error had been made in measuring

the capacitance.
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Capacitance Test Data

Ins. No, B=53

Ins, Out 1163,1
1168.1
116345
Ave. 1163 .2
Ins, In 1141,5
1141.5
1141.0
Ave, 1141.3
Diff, R21l.9
Capacitance 12.9 mmfd.

Ins, No. B-54

Ins, Out 1162.5
1162.5
1162,.7
Ave, 1162.6
Ins, In 1140.8
1141,2
1141.0
Ave, 1141.0
Diff. Z21.6
Capacitance 12.7 mmfd.

Ins, No, B=-B5

Ins, Out 1163.2
11628
1163.2
Ave, 1163.1
Ins, In 1141l.2
1141.7
1141,.6
Ave, 1141,.,5
Diff. 21:6
Capacitance 12,7 mmfd.
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InS. NO.D-56

Ins, Out 1162.8
1163.5
1163.2
Ave, 1163.1
Ins., In 1141.2
1142.,0
1141.3
Ave, 1141.5
Diff, 2l.6
Capacitance 12.7 mmf&.

Ins, No. B=57

Ins, Out 1161.2
1160,8
1161.5
Ave. 1161.2
Ins, In 1139,.,5
1139,.0
1139,.,2
Ave, 1139,.2
Diff, 22,0
Capacitance 13.0 mmfd.

Ins, No, B=58

Ins, Out 1164.8
1165.0
1163,.8
Ave, 1164.5
Ins. In 114202
1142,.5
1142.4
Ave, 1142 .4
Diffe - RBe¥
Capacitance 13.0 mmfd,



Capacitance Test Data

Ins, No, B-59

Ins., Out 1161.0

116045

1160.6
Ave, 1160.7

Ins, In 1139,1

1139.3

1138.9
Ave, 1139,.1
Diff. R2l.4
Capacitance 12,7 mmfd.

Ins. No, B-60

Ins, Out 1160.0

1161.0

1160.0
Ave, 1160.3

Ins, In 1138,0

1139,.0

1138.8
Ave, 113846
Diff. - 21.7
Capacitance 12,8 mmfd.

Ins, No, C=51 M

Ins, Out 1175.0
1175.5
1173.5
Ave. 1174,7
Ins, In 1151.0
1151.0
1150.0
Ave. 1150,7
Diff. 24.0
Capacitance 14,2 mmfd.

M - Insulator with metal thimble.

Inﬁo NOO 0'52 M

Ins, Out 1178,.2
1178.5
1178.4
Ave. 1178.4
Ine, In 1155.0
1154.5
1155.0
Ave, 1154.8
Dhff. R23.6
Capacitance 13,9 mmfd.

Ins, No, C=53 M

Ins, Dut 1177.2
1175.2
1176.,0
Ave. 1176,.1
Ins, In 1153.5
1152.5
1152.6
Ave, 1152.9
Diff, 23.2
Capacitance 13.7 mmfd,

Ins, No, C-54 M

Ins, Out 1177.2
1177.0
1175.5
Ave, 1176.6
Ins, In 1152.6
1153.1
1152.2
Ave, 115246
Diff. 24.0
Capacitance 14.2 mmfd.




Capacitance Test Data

Ins, No, C=55 M

Ins, Out 1177.0
1178.0
1177.0
Ave, 1177.3
Ins, In 1155.5
1152.0
1153,0
Ave, 1152.8
Diff, 24,5
Capacitance 14.5 mmfd,.

Ins, No, C=66 M

Ins, Out 117642
1176.0
11750
Ave., 1175.9
Ins, In 1152.5
1151.0
1152.6
Ave. 1152.0
Diffs 23.9
Capacitance 14,1 mmfd.

Ins, No, C=57 M

Ins, Out 1156.5
1157.4
115647
Ave. 115649
Ins, In 1153.2
1153.5
1153.5
Ave. 1153 .4
Diff, 23.5
Capacitance 13,9 mmfd.

M « Insulators with metal thimble.
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Ins, Noo C=568 X

Ins, Out 1177.0
1177.0
117763
Ave. 1177.1
In‘. In 1153 05
1152.3
115245
Ave, 1152.8
Diff., 24.3
Capacitance 14,3 mmfd,

Ins, Yoo C=59 M

Ins, Out 1178,1
117645
1176.2
Ave. 117649
Ins, In 1153.2
11525
1151,.8
Ave, 1152 .5
Diff. 24.4
Capacitance 14.4 mmfd.

Ins, No, C=~60 N

Ins, Out 1177.8
1179.0
1178.0
Ave, 117863
Ins, In 1154.5
1154.0
1154.5
Ave, 1154.3
Diff. 24.0
Capacitance 14.2 mmfd,




Ins, No, D-51*

Ins, Out 1165.5
116565
1165.3
Ave. 1165.4
Ins, In 1144,0
1144,2
1143.8
Ave, 1144.0
Diff, RZ2l.4
Capacitance 12,6 mmfd.

Ins, No., D-52

Ins, Out 1157.5
1157.2
11873
Ave, 1157 3
Ins, In 1137.6
113842
1137.5
Ave, 1137.8
Diff, 19,5
Capacitance 11,5 mmfd,

Ins. No, D-53*

Ind, Out 1159.5
1158,.0
115840
Ave, 1158.2
Ins, In 1137.5
113742
113746
ave. 117
Diff. 2048
ca-paCj-tanOe 12.3 mmfd.

Capacitance Test Data

Ins, No. D=b4

Ins, Dut 1157.6
115842
1158.5
Ave, 1158.1
Ins, In 1138.,5
113842
1138.2
Ave. 113843
Diff. 19,6
Capacitance 11,7 mmfd.

Ings, No, D=65

Ins. Out 1160.5
116067
116045
AvVe. 1160,6
Ins, In 1139,9
1140.1
1140.2
AVe. 1140,1
Diff, 20,5
Capacitance 12,1 mmfd,

Ins, No, D-G6

Ins, out 115807
1158,.9
115846
Ave, 1158,.,7
Ins, In 1139.0
1139.5
1139,0
Ave, 11392
Diff, 19,5
CGapacitance 11,5 mmfd,

*Insulator checked to determine if error had been mede in measuring

the capacitance.
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Capecitance Test Data

ins, No, D-O7

Ins, Cut 1159.0
1159.2
1159 .3
ave, 1159.2
Ins, In 1139.5
1139,.6
1139,0
Ave. 1139.4
Diff, 19.8

Capacitance 11,7 mmfd,

Ins, No, D-58

Ins, Out,1159.1
1158.,2
1158,6
Ave, 1158.6
Ins, In 1138,0
113843
1137,8
Avee 1138.0
Difeé. 20,6
Capacitance 12,1 mmfd,

Ins, Noe D-59

Ins, Out 1162.5
1161.2
1161,.8
AvVee 1161,8
Ins, In 1l4l1,5
1141.6
1141.2
Ave, 1141,.4
Diff., 20.4
Capacitance 12,0 mmfd,
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Ing, No, D=60

Ins, Out 1160.,5
1161.0
116042
Ave, 116046
Ins, In 1139.7
1140,0
1140,0
Ave, 1139,.9
Diff., R20.7
Capacitance 12.2 mmfd,

Ins, No, E-51

Ins, Out 1163.9

1163.9

11639
Ave, 1163.9

Ins, In 1144,6

1144,7

1144,3
m Ave, 1144,5
Diff., 19.4
Capacitance 1l.4 mmfd.,

Ins, No, E~62

Ins, Out 1158,5
1158,6
1158,0
AVe e 1158.4
Ins, In 11385
1138.0
1138,7
Ave.  1158,4
Diff. 20,0
Capacitance 11,8 mmfd,




Ins, No, E~B3

Ins, Out 1160,9
1161,.,0
1161,0
Ave, 1161.0
Ins, In 1141,0
1140,.4
1140.5
Ave, 1140,.6
Diff. 20.4
Capacitance 12,0 mmfd,

Ins, No, E~54

Ins, Out 1159.9
1160,.2
116045
Ave, 1160.2
Ins, In 1140.8
1140,.2
1140,0
Ave, M
Diff. 19.9
Capacitance 11,7 mmfd.

Ins, NO: E-55*

Ins, Out 1159.2
1158,8
11595
Ave, 1159.2
Ins, In 1139.7
1139,0
11399
Ave, 11395
Diffs . 19.7
Capacitance 11,6 mmfd,

Capacitance Test Data

Ins, No, E-D6

Ins, Out 1158,9

1158,9

1158.9
Ave, 113849

Ins, In 1139,9

1139,.8

1139.3
Ave, 1139,.,6
Diff, 19,3
Capacitance 11,4 mmfd,

Ins, Nos E~b7

Ins, Out 1159.5
1159,.2
1159,.7
Ave. 1159.5
Ins, In 1139.9
- 1139.1
1139,.5
Ave, 1139,.5
Diff. 20.0
Capacitance 11.,8 mmfd.

Ins, No, E~58

Ins, Out 1160,0
115946
1160.0
Ave, 1159.9
Ins, In 1140.2
1140.0
1140.,0
Ave, 1140.1
Diff. 19.8

Capacitznce 11,7 mmfd,

*Tnsulator checked to determine if error had been made in measuring

the capacitance.
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Capacitance Test Data

Ins, No, B-59

Ins, Out 1161.0
1160,0
1160.,4
Ave, 1160,5
Ins, In 1140,5
1141.0
1139,.5
Ave, 1140,.3
Diff, 20.2
Capacitance 11,9 mmfd.

Ins, No, BE=-60

Ins, Out 1159.2
1159,.,5
1157,5

Ave, 1158,7
Ins, In 1138,2
1137.8
1139.0

Ave. 1138,3

Diff, 20.4
Cepacitance 12,0 mmfd,

Ins, No, F-51

Ins, Out 1157,8
115845
115842
Ave, 115842
Ins, In 1139.7
1140.1
1140,3
Ave. 1140,0
Diff., 18.2
Caepacitance 10,7 mmfd.

Ins, No, F-52

Ins, Out 1156,.0
1156.7
1157.,5
Ave, 115647
1138,.8
1139.0
Ave, 1188.9
Diff. 17.9
Capacitance 10,6 mmfd,

Ins, NO: P53

Ins, Out 1137.2
1137.2
1137.6
Ave, 113743
Ins, In 1138,5
1138,7
1138,8
Ave.  1138,7
Diff. 18,6
Capacitance 11,0 mmfd,

Ins, No, F=54

Ins, Out 1158,5
1158,3
115845
Ave, 1158.4
Ins, In 1140,0
1139.4
1140.4
Ave. 1139,9
Diff, 18.5
Capacitance 10,9 mmfd,




Capacitance Test Data

Ins, No, F-b5

Ins, Out 1157.6
1157.8
115843
Ave. 1157.9
Ins, In 1139.0
1139.0
11389
Ave. 1139.5
Diff. 18.6
Capacitance 11,0 mmfd,

Ins, ¥9.F-56

Ins, Out 1158.6
1157,9
1158.6
Ave, 1158.4
Ins, In 11395
1139.7
1140,.5
Ave. 1139,9
Diff. 18,5
Cepacitance 10,9 mmfd.

Ins, No, F=57

Ins, Out 1156.4
115646
1157 ¢3
Ave, 115648
Ins, In 1138,8
1138,0
1138.2
Ave, 1138,3
Diff. 1845
Capacitance 10,9 mmfd,

=102~

mIns, No. F=58

Ine, Out 1137.4
1136.0
113645
Ave. 1136.6
Ins, In 1138.3
1137,.8
1137.8
Ave. 1138,0
Diff. 18.6
Capacitance 11,0 mmfd,

Ins, No, F=59

Ins, Out 11585

1158.5

1158.5
Ave, 1158,5

Ins, In 1139,.7

1139,3

1139.6
Ave, 1139.,5
Diff, 19.0
Capacitance 11,2 mmfd,

Ins, No, F=-60

Ins, Out 1159,.8
11595
1159 .0
Ave, 1159.4
Ins, In 1140,.8
1140.8
1141.2
Ave. 1140.9
Diff. 18.5
Capacitance 10,9 mmfd,
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Calibretion Data For Oscillator™® Page 105

Oscillator s Wave Meter : Gelvanometer : Wave Length :Frequency

Condenser : Condenser : Needle : (Meters) : (Cycles per
Setting s Setting : Deflection Second)
100 116640 97 650 462,000
96 1117.5 93 630 476,000
90 106645 89 620 484,000
85 1009.0 83 600 500,000
80 949,5 7 582 515,000
75 . 896.0 75 565 532,000
70 835.0 62 547 548,000
65 782 .0 55 530 567,000
60 72640 47 510 588,000
55 670.0 38 490 | 612,000
50 611.5 30 460 652,000
45 557.5 24 440 682,000
40 50Q4.0 19 420 715,000
35 450.0 15 400 750,000
30 400.0 10 - 373 804,000
25 347.0 8 345 870,000
20 3000 5 320 938,000
15 254,0 3 290 1,035,000
10 208.0 2 265 1,113,000
5 164.0 2 220 1,365,000
0 151.0 2 200 1,500,000

*Exciting Coil 1} inches awey from the coil on the wave meter, and
80 placed that the axes coincide. Filament current 2,05 amperes,

.




DIMENSIONS OF INSULATORS
13 - 17 Kilovolt

Number o1 Tz Number 3 !2
A-11 0.500 0.725 B-11 0.500 0.575
12 0.500 0.728 12 0.500 0.580
13 0.562 0.720 13 0.500 0,570
14 0.515 0.688 14 0,485 0540
15 0.547 0.685 156 0,485 0,540
16 0,563 0.720 16 04500 0.585
17 0,530 0,675 17 0.470 0.565
18 0,570 0740 18 0.510 0.590
19 0.500 0,706 19 0.510 0,560
20 0,590 0,727 20 0,630 04570
Average 0,537 0,711 Average 0.499 0,667
Cc-11 0.564 0.676 D-11 0.845 0.785
12 0,550 0.650 12 0.815 0.770
13 0,532 0.670 13 0.902 0.787
14 0,550 0.650 14 0.871 0,790
15 0,575 0.670 15 0.890 0.730
16 0.547 0.670 16 0.815 0.765
17 0532 0.670 17 0.860 06769
18 04500 0,675 18 0.815 0,780
19 0,532 0.675 19 0.870 0,765
20 0,532 0,670 20 0,885 0,772
Average 0,541 0,667 Average 0,855 0,768
B-11 0.625 0535 F-11 0.450 0,600
12 0.625 0,578 12 0.500 0.600
13 0,600 0.555 13 0.455 0,600
14 0,610 0.530 14 0.450 0.585
15 0,618 0.532 15 0.435 0.600
16 0.600 00522 16 0.525 0.585
17 0,615 0560 17 0,535 0,585
18 0.641 0.580 18 0.465 0.585
19 0.615 0.544 19 0.455 0.590
20 0.600 0.580 20 0465 0.590
Average 0.614 0.552 Average 0.474 0.592

Tl Thiekness in inghes from Pin to Conduetor Groove
Ta Thickness in inches from Pin to Mie Wire Groove
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DIMENSIONS OF INSULATORS

45 - 55 Kilovolt

Number oY I, Number Y T,

A-31 1,75 13.90 B-31 2.50 17.10
32 1.90 13.90 32 2.45 17.10
33 1.75 14.00 33 2.50 16.85
34 1,80 14,22 34 2.45 17.00
35 1.80 13.80 35 2445 17.10
36 1.85 14.00 36 2.50 17.10
37 1,75 14,10 37 2450 17.00
38 1.78 13.80 38 2.50 17.20
39 1,80 14.20 39 2.60 16.90
40 1,90 13,75 40 2,50 17.00
Average 1.80 13.98 Average 2.50 17.03
c-31 2.75 14,30 D-31 2.80 17.30
32 2,75 14,30 32 2.80 16.80
33 3.05 14.30 33 2.80 17.60
34 2.90 14.20 34 2.80 17.00
35 2490 14.30 36 2.80 17.30
36 3.05 14.30 36 2,85 17.00
37 3.00 14.28 37 2.80 16.40
38 3.00 14.50 38 2.80 17.30
39 2.95 14.50 39 2.87 17.10
40 2.85 14.40 40 2470 17,20
Average 2.92 14,33 Average 2. 17.20
E-31 250 14,50 F-31 220 14.20
32 2.56 14.30 32 2.15 14,10
33 2.50 14,20 33 2.10 14,10
34 2.55 14.20 34 2.20 14,10
35 2.80 14.20 35 2.20 14.10
36 2.60 14.20 36 220 14.10
37 2.60 14,20 37 220 14.20
38 2.55 14.30 38 2.15 14.20
39 2.60 14.20 39 2.16 14.20
40 2,55 14,40 440 2425 14.20
Average 2.58 14,30 "eng. 2.18 14.15

Ty Thiekness in inghes from Pin to Condustor Groove
T, Length in inghes of Tie Wire Groove
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DIMENSIONS OF INSULATORS

66 Kilovolt
Number !1 !z Number !1 !2
A-51 250 15.0 B-51 3.00 19.0
52 2445 15.2 52 2485 18,8
53 2.55 15.1 53 2.85 19.0
54 2.45 15.0 54 2.95 18.8
65 2450 16,5 55 2495 19.1
56 2,50 15.2 56 2.90 19.2
b7 2.66 15,2 57 2.80 19.0
58 2.50 14,9 58 2.90 19.1
60 2455 14,9 60 2480 19,1
Average 2.50 156.09 Average 2.89 19.02
C=-51 3.10 17.6 D-51 2490 17.8
52 3.10 17.5 52 3.00 18.1
53 3,00 17.5 53 3.00 17.8
54 2.80 17.5 54 3.00 17.6
65 2,95 17.6 55 3.10 18.1
56 2.95 17.5 56 2.90 17.9
57 3.00 17.5 57 3,00 17.7
68 2480 17,5 58 3.00 17.8
59 3.00 17.5 59 2.90 17.8
60 3.10 17,5 60 3,10 18,0
Average 2.98 17.50 Average 2,99 17.86
E-51 3400 18,8 F-51 3.15 173
52 3,00 18.9 52 3420 17.4
53 3.05 18.8 53 3.15 17.3
54 3.10 18.7 54 3.10 17.4
55 2.90 19.1 55 3.16 17.3
56 295 19.0 56 3.10 17.3
57 3,00 1849 57 3,10 17.3
58 2.95 19.2 58 3.16 17.5
59 2.90 19.2 59 3.05 17.4
60 3,10 1848 60 3.15 17.3
Average 2.99 18.92 Average 3,13 17.31

!1 Thiekness in inghes from Pin to Condustor Groove
!b Length in inghes of Tie Wire Groove
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Date Showing the Effect of Filament Current
on :
The Frequency™

Filananf : Galva.nometer: Vave Meter: Wave Length: Frequency

Current : Deflection Condenser $
1.90(Amps.) 0.5 1132.0 636 (Meters) 472,000
1,95 1.5 1136.5 638 470,000
2400 10,0 1143.0 640 468,000
2.05 2040 1145,0 641 467,500
2410 40,0 1148.0. 642 467,000
2415 6940 1151.0 643 466,500
2420 84,0 1155,0 644 466,000
2425 93,0 115645 645 465,000
2,30 97,0 1157.1 646 464,500

*Exciting coil 11 inches from the coll ¢n the wave meter, and so

placed that the axes coincided.

Oscillator condenser setting-- 100
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Data Showing the Effect of Variable Coupling
Between
Oscillator and Wave Meter, *

: : : :
Wave-lMeter ¢ Distance : Deflection Wave I : ‘Frequency °
Condenser : Between ¢t Galvanometer: Length : Cycles per
Setting ¢t Coils ¢ Needle : __ (Meters)! Segomd
1284.5 < +0cm, 95,0 665 452,000
1207.0 2¢5 98.0 660 455,000
118642 3.0 95.0 652 460,000
| 1179.2 345 91.0 650 461,500
116640 4,0 83.0 ,648 462,500
| 1160.0 4,5 73.0 646 464,000
| 1156.2 5.0 64,0 644 465,000
1150,.0 5.5 44,0 642 - 467,000
1146.5 6.0 37.0 641 468,000
1146.0 645 29,0 641 468,000
1145,0 7.0 24.0 64045 468,200
1143.5 745 20.0 64Q.0 468,500
| 1143.0 8.0 16,0
, Calibration Curve
1143.2 845 13.0
far Wave Meter
1142,1 9.0 9 .0 .
Plotted to too |
1141.5 945 8.0
Small a Scale
1140.5 10.0 6.5
1140,0 10.5 5.0 " 63945 468,900
1139.3 11.0 4,0
Same as Above.
113840 11.5 345
1138.0 12.0 3.0 639.0 469,000

*Exoiting coil moved away form the coil on the wave meter in such
& manner that the axes of the coilfoaluays coincided.
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