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THE CAPACITA10E OF HIGH-VTAGE PIN-TYPE INSULATORS 

I1'TRODUCTION 

Section I 

THE PROBL - A high-voltage pin-type insulator coneista of a as 

of electrical porcelain which serves as an insulator for a high- 

voltage line. These insulators are provided with a pin hole into 

which 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 beten the metal pin as one electrode, and the tie wire and. the 

oothuctor as the other electrode. This is further aunted by tÌ 

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 inveatition wast 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. 

1THOD EI2LOYLD - It is natural in pursuing this study that the course 
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should follov: closely the order in which the various phases of the 

problem were stated. After considerable study and some experimenta- 

tian, 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, capacitarioe in the 

form of a variable precision condenser, and resistance consistthg 

chiefly of a thermo-galvanometer, in resonance vith a current gen- 

erated by a vacuum tube oscillator. Connections were provided so 

that the insulator capacitance could be introduced in parallel with 

the variable condenser. With the frequency constant, the difference 

Ir. the setting of the variable condenser to produce resonance 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 160 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-l? 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 b a problem of considerable magnitude, and therefore, 

only a few of the apparent factors were investigated. It was found. 

that the thickness of the head and the size of the tie v'ire used, 

were, among other things, important factors in determining the mag- 

nitude of the capacitance. 

A study wao also made to determine any relations which 
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m.tht exist between the capacitance of the insulators and their other 

test oharactéristios, as deternlned by a group of senior students 

working under the direction of Associate Professor F. O. Mc!.illan of 

the Electrical igineerlzig Department. Although lt could not be 

ehown that the capacitance influenced any of these characteristics 

to any ri.rked degree, lt was found that sons of the test character- 

istics and the capacitance re to some extent related. 

DIVISIOIZ - In preparing this thesis an attempt has been made to 

include under the proper headings the different phases of the in- 

vestition. In the Table of Contents the reader will find a com- 

plete tabulation of the material included under each section. In 

general, the divisions of the material included follow the order in 

vthioh the investigation was made. 
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TOIETICAL CONSIDERATIO1'S 

Section II 

Before an attempt v;ill. be nd.e to diacuse in detail the 

thod of king these measurements, and before discussing any of 

the results obtained, or conclusions dravn, it will prove helpful, 

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

:oaY OF TJ CAPACITAOB LASUB2TS - If a circuit contains 

resistance "R", inductance "L", and. capacitance "C", the resonant 

frequency of the cirouit is determined by the relation of the values 

of L and O. If the inductance is fixed, and the capacitance vari- 

able, the various settings of the condenser will control the reso- 

nant frequency. When suah a circuit is inductively coupled with a 

vacuum tube oscillator, the frequency of which is constant, a 

current of constant frequency will be induced in this resonant oir- 

cuit. With the capacitance value properly adjusted, the inductive 

reactan3e 6.283fL will be equal and. opposite to the capacitive re- 

actance l/6.283f0, and t} impedance of the circuit consists only 

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

6.283fL i 

6 .283f0 

and if f, the resonant frequency is solved for, 

f- i 

6.283 L C 

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

d.uotance L is in henries, and the capacitance C is in farads. 
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The condition of resonance for the constant frequency vould. 

result in a riximum current flow, and therefore, this condition could 

be detected by having an 1nstrunt such as a therme-galvanometer In 

the circuit, and a&justing until a nximum deflection was obtained.. 

If after the condition of resonance is obtained. an additional value of 

capacitance is Introduced in parallel with that alreadr in the oir- 

cuit, these two values will add directly, and. the condition of reso- 

nanoe 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 

frequency of the oscillator, It will be necessary to reduce the set- 

tinL; 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 bas been carefully calibrat- 

ed, it is possible to accurately measure very sll values of capac- 

Itanoe by this method. The circuit would first be set for resonance; 

after this was done, the condenser to be measured would be connected. 

In parallel with the standard condenser, and. the circuit again ad- 

justed for resonance. The difference between the two standard con- 

denser settings would give the capacitance of the un]movn condenser. 

THE 'IECT OF EQUEOY 01 CAPACITJ1cC - It is a well known fact that 

a dielectric which is non-uniform will absorb a certain amount of 

enerr if left connected to a source of potential difference after 

the condenser had apparently become charged. mien 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. Dr. C. P. Steinmetz has given a very sat- 

isfactory explanation for this absorption.1 This theory, according 

to Professor J. B. V7hitehead,8 was origionally due to J. Clark Maxwell. 

Dr. Steinmetz shows that this effect ia entirely due to an adjustment 

of the voltage gradient in the non-uniform dielectric, which le only 

complete after a considerable time since charges muet flow into the 

dielectric which has a very high resistance. 

n attempt was made to 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. loLeod2 that for glass the 

capaoitarice was 0.9131 x io farads at 498 cycles per second, and 

0.9019 x 10 farads at 1,000,000 cycles per aecond. These figuree 

show a slight decrease although it is so small it is practically neg- 

ligible. In connection with direct current measurements, W. A.Fraeer 

and. H. W. M. Secord3 made measurements on pin-t,rpe Insulators, and 

using a constant voltage of 1100 volte, obtained a capacitance of 

0.000088 microfarad.s. This measurement is not closely in accord with 

the values which were obtained in this investigation, and. io due, no 

doubt to the fact as Fraser and. Lecord. state, that their method is 

not accurate. The exact size and. te of insulator used. in their 

investigation is not lcno'wn. The Vestinghouse Electric 



and. Manufacturing Coraxy was the only Company able to supply data on 

the oapacitanoe of their insulators. Their rneasurement6 which were 

de v1th a capacitance brHge at 200 cyoles per secoth are of the 

an magnitud.e as were obtained at the frequency used. in this study. 

For their Insulators of the 13-17 kilovolt olas, they specified a 

capacitance of 8 - 12 mioro-mlorofarade. The values obtained. at 

500,000 cycles in this study are well within these lirnit. It is 

tnerefore 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 etmil as to be negligible. This 

i8 probably due to the fact that the mixture is uniform, and that the 

resistance is very high. For this reason, the measurements me4e in 

this investigation at a frequency of 500,000 cycles per second would 

be practically the same as at a lower frequency of 60 cyoles per 

second. 

THE 0F V0LTA DIET ON CAPACITA10E - Apparently very 

little bas been done in determining the effect of the voltage gradi- 

ent upon the permittivity of electrical porcelain. Lany investigators 

have found that the capacitance of impregnated paper oables varied 

very moh with Increases in the voltage gradient. This has been 

attributed by C. L. Dawes, and P. L. Hoover4 to ionization of the 

air spaces included within the dielectric. In the article referred 

to by Fraser and Seoord3 they state that at a voltage of 150 volte 

the measureì capacitance of a pin-trpe insulator was 0.000092 micro- 

farads; at 300 volts, it was 0.000104 miorofarade; and that at 1100 
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volts lt was 0.000088 miorofarads. Their measurements were mad.e at a 

constant (direct) voltage, and. much of the variation is attributed to 

inaccuracy of measurement. 

It Is known that electrical porcelain is sometimes made in 

8u0h a nner as to contain small amo'uite 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 Is conceivable that some porcelain Insulators should also show 

Increases In capacitance with an increase in the voltage gradient. It 

is felt however, that eleotrical 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 made, and well desied, would show no great 

increase in capacitance as the gradient was increased to the normal 

value, and that although the tests made In this investigation were 

with very low gradients the resulta obtained would be applicable to 

an insulator at higher gradients. 

PE FFkCT 0F T}IE TIE VIIEE ON OAPACIWCE 0F INtTORS - The size of 

the tie wire used. would obviously affect the capacitance of the in- 

sulator. Data were taken, as will be shown later, v.hich indicate this 

effect. The various other tests made In this department were made in 

accordance with the specifications5 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 ve used in all the 

capacitance tests made, since a wire of this size was used in the 
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other tests to vhich the insulators were subjected. 

THE 'FT 0F TEE COIDUCTOR ON CPACITLiCE OF IISULATORS - The size 

and length of the object placed in the conductor groove also affects 

the capacitance. Since it e desired that the resulta obtained in 

the capacitance measurements be compared with other tests made, a 

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

THE iifT OF TEE PIN ON CAPACITACB OF IISULaTORS - The object used. 

in the insulator pin hole would also affect the capacitance. Some of 

the insulators were provided vith 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. 

ACCURaCY OF LETHOD !LOYED - From the above considerations 

lt car 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 macLe at these normal voltages and frequencies 

that the resulte would have been slightly more valuable. However, 

at these voltages and frequencies such measurements would be very 

difficult to make. 
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CAPAC I TANCE IJIELTS 

Section III 

In the preceding section the theoretical side of the capaci- 

tance measurements has been given. This seotion will Include a de- 

tailed description of the apparatus used and the method employed in 

making the measurements. 

IISTJIATOP.S STJflED - 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 meaauremont were made on a 

total of 160 insulators. The manufacturers of the insulators are as 

follows: 

Westinghouse Electric & Manufactr1ng Co. 

Locke Insulator La.nufacturing Co. 

Lapp Insulator Co. 

R. Thomas & Sons 

Porcelain Insulator Corporation 

Ohio Brass Company 

THE VA.CUUI.: TUBE OSCILLATOR - The wiring diagram of the oscillator is 

shown on Page 11 together with a list of the individual pieces of 

apparatus. Photographs are included on PaCes 17 and. 18 whIch give a 

fair idea of the arrangement of the various units. The oscillator 

was desiied and. built in such a manner that lt could at a later date, 

with slight modifications, be used for much lower frequencies. For 
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LIST OF APATt 

V1&VT#2 Radiotron 5-watt oecillator tubes. 157 202. 

L1 & L2 Giblen-Remler inthiotanoe coils Type 35. 

L3 Ord.inary te1ephoe induction coil. 

L4 Output coil. Approx. 30 turns #18 wire. 

L5 Wave Lter coil. Coil B. 

Aou Low loss variable air condenser, 

capacItance 0.000016-0.0005 mfd.. 

C2,C3&C4 Dublier By-Pass condensera. 2.0 d. Type 

659. 

05 Wave meter precision air condenser. 

06 Capacitance of the Insulator to be 

meaaured. 

R1 Two 27,000 ohm fixed resistanoes, 

General Electric Company. 

R2 O-12 ohm filament rheostat. 

Wave Lter Precision Vave Lter, General Radio Corp. 

Type 224 Serial #23. 

Therrno-Galv. No shown in diagram - Lodel 425 #4355. 
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WIRING DILGRLM 

of the 

VACUUM Tu OSCILLATOR 
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this reason, many of the pieces of apparatus are different from those 

which viould have been used. bad only a 500,000 cycle frequency been 

d.esircd. The oscillator proved entirely satisfactory, and no trouble 

s experienced with it. However, in order to determine its oharac- 

teristios BO that no errors would be introduced in the capacitance 

raaurements due to It, a study s made of the factors whioh affect- 

ed the frequency of the generated current. 

On the following page are shown graphically the results of 

this stud.y. The data from which these curves were plotted may be 

found on Pages 109 and 110. It can be seen that the frequency is in- 

fluenoed. to sorne extent by the filament ourrent. As a result, in 

making these investitions lt was irortant that the filament ourrnt 

remain constant. It vas also noted that the coupling, or the distance 

from the output coil of the oscillator to the coil of the wave nter, 

affected the output In two ways. First, the induced current was 

varied in magnitude; and second, the frequency was also greatly in- 

fluenoed. In view of the above facts, it was very important that no 

change vaa 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 105. 

Although data were not taken, and this condition is not 

shown, it was found that the variations in plate voltage affeoted 

the frequency considerably. i 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 
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causing bad frequency changes caused this set to be discarded., and the 

testa were conleted using an A.C. motor-generator set. This set oper- 

ated. from 110 volts ..C., and delivered a plate voltae of 350 volta 

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 me.king measurements of this nature. 

)uch 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 

werQ 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. 

TIrE WAVE TI - The wave meter used. consisted. of a precision variable 

condenser and a thermo-galvanoxneter in a shielded wooden box and a 

coil which fastezd as is shown on Pages 17 and 18 to heavy terminals 

on the outside of the box. The vve meter consisted. then of resia- 

tance, chiefly in the thermo-galvanometer; capacitance in the form 

of the variable precision condenser; and inductance, chiefly in the 

form of the wave iter 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 

differenea 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. 
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AUXILIARY APPARATUS - The photographs shown on Pages 1'? and. 18 show 

son of the other pieces of apparatus used in obtaining the capaci- 

tance of the insulators. The 1O wire shown suspended. from the stand. 

was used to r.ke contact with the insulator pin and. close one side of 

the cirouit. A linen thread of very high resistance was used. to 

support the wire and. thus insure that the circuit capacitance was the 

sarre both with and without the insulator in place. The end was pro- 

vided with an adjustable contact wire so that connections could be 

rr.de to the different sizes of insulators. 

The nner in which the connections 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 stand. 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 ocnduøtor. 

1ThTHOD OF MPJNG CAPACITANCE 1A8T1EMNT5 - 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. In all oases only one turn was placed around the insulator 
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tie wire groove. The insulator was then placed in position as showa 

on the following pages, and the precision condenser of the wave meter 

was adjusted until resonance was obtained as indicated by the maxim 

deflection of the therme-galvanometer. In order to partly compensate 

for any errore in reading and. adjusting the wave meter, and also in 

consideration of the fact that the therme-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. ''ith this circuit, the point of resonance was obtained 

by three separate trials, anti 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- 

eure that the frequency did not vary during the tests. As an added 

precaution, whenever it was 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 taken 

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 introduoed 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 capacitance from the pin to the tie 

wire. However, careful measurements have shown that this is not true. 

When the insulator is removed. from the circuit when the second set of 
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FHOTOAPHS OF APPAItATU8 
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UPP 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 bead. is sho laying on 

the stand., 

LOWER PHOTOAPH 

This illustration shows an insulator of the 13-l? 

kilovolt class in position on the stand.. This was 

the condition of the apparatus when resonance was 

obtained. with the insulator in the circuit. 



PHOTOGRAPHS OF APPABATTJS 
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Tfl'P PHOTOGRAPH 

This illustration shows as is evident, an insulator 

of the 45-55 kilovolt clase in place for the adjust- 

int for resonance with the insulator in the circuit, 

LO\ER PHOTOGRAPH 

The insulator in position in this case is one of 

the 66 kilovolt clase. 







readinga is taken, the pin is also removed, and. there Is little capac- 

itance between the straight wire that formerly touched the pin and the 

conthctor in place on the stand. Furthermore, it was nntioned. tbat 

the wave meter v,aa ehielded., and it al8o appears that one aet of 

plates of the ccnenaer 18 oonneoted to this shield. This then would 

cause one ve meter terminal to be grounded, and it vs to this ter- 

minal tciat the tubes were connected. The above theory i8 advanced and 

would seem to explain the action of the ve ter although it was not 

opened to see if this were true. The non-grounded aide of the meter 

was used. for the wire which s entirely supported in air. In deter- 

mining which aide of the meter would be the best for the grounded. 

side, it was found that if the side which appeared to be connected to 

the shield were used that the measured capacitance of the insulator 

would be the saine 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 l5 would be introduced. In making these ea- 

pacitanoe measurements, the side which did not introduce an error in 

the results was used. as the grounded aide. 

COIUTATIONS AID 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. Cu the part of the 

curve used in making these testa, the curve is a straight line, and. 
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la plotted with values of oapaoitane on the Y-axie, and. v1uee of 

condenser settings on the X-axie. By carefully determining the tan- 

gent of the angle which the curve made with the X-axis, it was pose- 

ible to obtain a oonstant vthich when multiplied by the difference in 

condenser settings gave the insulator capacitance directly in micro- 

microfarads. The tangent of the angle was couted 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 

P 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 

olas s 
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URE12T OF DIIO1 

section IV 

t'hen an attempt was made to analyze the capacitance meas- 

urernents, lt vas found advisable to make measurements of the dirnen- 

elans 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 vhlch had been used for the capac- 

itance measurements was measured and their dimensions recorded. 

FACTORS AFFECTING IFfULATOR DIL1NEION - If a group of insulators is 

carefully examined, it villi be found that in general there are very 

great deviations from the dimensions that are ieued by the manu- 

facturer. The reasons fr these deviations are better understood if 

a brief description of the method of manufacture is given. The 

material presented in this discussion has been taken from a pamphlet 

issued by the 'estlnouse Electric and Lanufacturing Company.6 

Most high voltage insulators are farmed by what is known 

as the wet process. The Ingredients are flint, feldspar, and clays. 

After certain mixing processes, the material which is in a moist 

state is ready for shaping. This is done by pressing the material 

into a plaster of parie mold, and giving the insulators, or the in- 

sulator parts 1f 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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trimatng and a glazing process, the in&ulatora are ready for firing. 

In the firing process the insulators are placed in containere and fired 

at a high temperature for from fifty to seventy hours. During thia 

firing a number of phyeioal 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 wor1anship, and perhaps other faotors v:ould 

enter into determining these large variations in dimensions from the 

catalogue values. These factors are mentioned because in sorne cases 

the data taken show very wide variations in dimensions. 

1THOD 0F MNG M!UFLEMTS OF DI3N$IONS - Practically all of the 

important dimensions of the 13-17 kilovolt class were meaFured. It 

waS f ouiô. however, that they were not all necessary. As a result, 

for the 45-55 kilovolt, and 66 kilovolt classes, only the thiolmesa 

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 ari 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 45-55 kilovolt, and. on Page 108 for the 

66 kilovolt class. Drawings of the insulators shov1ng the dimensions 
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aa 8pecifie by the manufacturera are .ahon 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 EUTAL DATA 

eotion 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. 

TI CAPAOITßC OF HI{-VOLTAGE PI-Tfl IIStIATORS - The data ob- 

tamed show that pin-type insulators have an apreciable amount of 

capacitance, and that this capacitance can be readily measured by 

the method outlineá. The data further show that t'ne capacitance 

varies for the different types of insulators of the same general 

olass. The corrplete data are included from Pages 73 to 102, and. on 

Pages 28, 29, and 30, v;ill be found a eu.'irnary of the capacitaiice 

Values. To each of the six anufaoturers a request vas made for in- 

fonxttion 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. For 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 10.0 - 14.4 micro-miorofarads 

66 Idlovolt class 10.6 - 14.5 rnicro-microfarada 

TJii EFFECT OF THE TIE WIRE OI CAPACITArCE - This effect vas mentioned 

before, and. Is shown graphically on Page 32. This curve shows that 
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ztmiLr 0F C.APACITAìCE T1fST DATA 

13 - 17 Kilovolt Insulators 

A-11 - 11.0 mid. 
12 - 10.3 rrrfd. 
13 - 10.5 mfd. 
14 - 10.5 mid. 
15 - 10.4 !1tfd. 
16 - 10.5 rmnfd. 
17 - 10.5 rrnfd.. 
18 - 9.7 mid. 
19 - 11.5 zmnfd. 
20 - 10.5 ninid. 

Average-10.54znuifd.. 

D-il - 8.4 rmnfd.. 
12 - 9.4 mid. 
13 - 8.5 mid. 
14 - 9.0 mid. 
15 - 8.8 mid. 
16 - 9.3 mid.. 
17 - 9.7 mid. 
18 - 9.1 mid.. 
19 - 8.8 mid. 
20 - 9.0 mId.. 
Average-9.10 mid. 

B-11 - 11.6 mfd.. 
12 - 11.6 ninifd.. 
13 - 10.5 uinfd. 
14 - 11.5 mrnfd. 
15 - 10.4 nmifd. 
16 - 11.2 zignid. 
17 - 10.4 mrnfd.. 
18 - 11.3 mid.. 
19 - 11.6 mfd. 
20 - 10.3 mfd.. 
Average-11.08 inmfd. 

E-11 - 9.4 mid. 
12 - 10.4 mid. 
13 - 9.7 mrd.. 
14 - 9.6 mid.. 
15 - 9.4 mid. 
16 - 9.9 mid. 
17 - 9.7 mid. 
18 - 9.1 mid. 
19 - 9.5 mId. 
20 - 9.8 mid. 
Average-9.65 timid.. 

Averages 

A -- 10.54 timid. 
B - 11.08 mid. 
C - 11.05 mid. 
D -- 9.10 mid.. 
E -- 9.65 mId.. 
F -- 10.38 mid. 
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C-11 - 10.7 mid. 
12 - 11.0 timid. 
13 - 11.5 mid. 
14 - 11.0 mid. 
15 - 11.4 mid. 
16 - 11.1 mrd. 
17 - 10.5 mid. 
18 - 11.3 timid. 
19 - 11.8 mid. 
20 - 10.2 timid. 

Average-11.O5nmnfd. 

F-11 - 9.5 rrmnfd.. 
12 - 10.0 mi'd. 
13 - 11,0 mrd. 
14 - 11.0 mid. 
15 - 10.9 timid. 
16 - 9.4 timid. 
17 - 10.9 mid. 
18 - 10.3 mrd. 
19 - 10.4 mId.. 
20 - 10.4 imild. 
Average-b .38mfd. 



SThM&RY OF CAPACITANCE TEST DA.TA 

45 - 55 Kilovolt Iniulator' 

À-31 - 12.6 mfd. 
32 - 13.6 nfd. 
33 - 13.3 xiinfd. 
34 - 12.6 flLXfd. 
35 - 14.4 mnd. 
36 - 13.4 nznfd., 
37 - 12.6 xfd. 
38 - 12.0 mfd. 
39 - 12.9 fd. 
40 - 13.8 rzznfd.. 
Average-13.12 ninf1. 

D'-31 - 10.4 nmfd. 
32 - 11.5 nrnfd. 
33 - 10.9 nEfd. 
34 - 11.0 nrnfd. 
35 - 10.9 rrtnfd. 
36 - 10.3 r1lnfd. 
37 - 10.5 mfd. 
38 - 10.7 mfd. 
39 - 11.3 nnnfd. 
40 - 11.3 uinfd. 
Average-10.88 fd. 

B-31 - 12.4 nfcI. 
32 - 11.7 rrinfd. 
33 11.6 fd. 
34 - 12.9 ziinfd. 
35 - 12.1 ninfd.. 
36 - 11.8 umifd. 
37 - 11.6 niufd.. 
38 - 12.0 mfd.. 
39 - 12.3 mn1fd. 
40 - 11.6 mrnfd. 
Àverage-12.00 nznfd. 

E-31 - 11.1 ninfd. 
32 - 11.1 mrnfd. 
33 - 10.0 nmfd. 
34 - 10.0 mmfd. 
35 - 11.0 mfcì. 
36 - 11.0 ninfd. 
37 - 10.7 uznfd. 
38 - 10.4 mfd. 
39 - 10.3 =fd. 
40 - 10.7 ifd. 
Lverage-10.60 mrnfd. 

Average a 

A -- 13.12 nnfd. 
B -- 12.00 mnd. 
C -- 11.71 nzifd. 
D - 10.88 uinfd. 
E -- 10.60 =fd. 
F -- 11.08 xnnfd. 
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C-31 - 11.6 nfd. 
32 - 11.4 rz!nfd. 
33 - 11.3 ninfd. 
34 - 11.7 n:rnfcì. 
35 - 11.6 urfd. 
36 - 12.2 ninfd. 
37 - 11.7 rzznfd. 
38 - 12.3 rrinfi. 
39 - 11.9 ninfd.. 
40 - 11.4 ninfà. 

Ave rage -11 7lmnf. 

F-31 - 11.2 ninfd. 
32 - 11.3 =fd. 
33 - 11.1 nirifd.. 
34 - 11.0 nfd. 
35 - 11.1 =fd. 
36 - 11.0 
37 - 11.3 xm:fd. 
38 - 11.1 mfd. 
39 - 11.0 xzinfd. 
40 - 10.7 nznfd. 
Ave rage-11.O8zmnfd.. 



8UJIMARY OF CAACITANC TEST DLTA 

66 KIlovolt Iniulators 

A-51 - 12.3 fci. 
52 - 12.6 infd. 
53 - 12.6 mrnfd.. 
54 - 12.2 minfd. 
55 - 12.0 nnfd. 
56 - 12.2 mfd. 
57 - 11.9 u!nfd. 
58 - 12.5 nfd. 
59 - 12.3 uinfd.. 
60 - 12.5 ninfd. 
Averae-12.31 nfd. 

D-51 - 12.6 =nfd.. 
52 - 11.5 niifd. 
53 - 12.3 nmfd. 
54 - 11.7 uinfd.. 
55 - 12.1 ninfà. 
56 - 11.5 =fd. 
57 - 11.7 nrnfd.. 
58 - 12.1 fd.. 
59 - 12.0 mrifd.. 
GO - 12.2 nrnfd. 
Avrage-11.97 xmnfd. 

B-51 - 12.7 mznfd.. 
52 - 13.0 ninfd.. 
53 - 12.9 rj:.fd. 
54 - 12.7 =ifd. 
55 - 12.7 niufd. 
56 - 12.7 ninfd.. 
57 - 13.0 ziinfd.. 
58 - 13.0 xnrnfd.. 
59 - 12.7 =fd.. 
60 - 12.8 uinfd. 
Average-12.82 zxriftt. 

E-51 - 11.4 mfd. 
52 - 11.8 afd.. 
53 - 12.0 ninfà. 
54 - 11.7 zmnfd.. 
55 - 11.6 minfà. 
56 - 11.4 nmfd. 
57 - 11.8 rxiiifd. 
58 - 11.7 ninfI. 
59 - 11.9 nEfd.. 
60 - 12.0 ziinf&. 
Average-11.73 mfd.. 

Averages 

A -- 12.31 ninfd.. 
B - 12.82 nznfd. 
C - 14.14 ninfd. 
D -- 11.9? xmnfd. 
E -- 11.73 =fd.. 
F - 10.91 ninfd. 
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c-51 - 14.2 mfcl. 
52 - 13.9 =nfd. 
53 - 13.7 niznfd.. 
54 - 14.2 nnfd. 
55 - 14.5 ninfd.. 
56 - 14.1 ninfd. 
57 - 13.9 ITfd.. 
58 - 14.3 mfd.. 
59 - 14.4 nTnfd. 
60 14.2 ntnfd. 
Ave rage -14 14nM. 

F-51 - 10.7 rmnfd. 
52 - 10.6 mnifd. 
53 - 11.0 n!nfd.. 
54 - 10.9 mnifd.. 
55 - 11.0 imnfd. 
56 - 10.9 mfd.. 
57 - 10.9 =fd.. 
58 - 11.0 n!nfd. 
59 - 11.2 rrznfd. 
60 - 10.9 zxinfd. 
Average-lO .9lnxnfd.. 



the size of the wire affects the capacitauce considerably. Apparent- 

ly on the insulator A-35 hich 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. 

TH .I2FECT OF CO1DTOR oi: CAPACITßCE - Testa were not rde 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 v.cre de to very closely 

approximate service conditions) would also cause the capacitance to 

vary. 

T1 FFEOT OF T PIN OI CaPAcIT:CE - Although no data v;ere 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 making measurements sone substance such 

as 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. 

Tim 1F_2 OF TI: Pi1 TTIVITY O1 CAPACITANCE - The permi tt ivi ty, or 

the dielectric constant of the porcelain would. probably be one of the 

controlling factors In determining the capacitance of the insulators. 

No measurements vdere zd.e to determine this effect, or to determine 
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Data Showing the Effect of Tie Vire 
021 

Inculator No. A*5 

io. 6 Tie Wire :o,12 Tie V7ire No.14 Tie '7ire 

Ins. Out 1184.2 Irs. Out 1191.0 Ins. Out 1191.5 
1164.0 1190.8 1191.4 
1185.0 1191.3 1192.5 

Ave. 1184.4 Ave. 1191.0 Ave. 1191.8 
1n8. In 1160.0 his. In 1168.0 Inß. In 1171.1 

1159.6 1169.5 1171.9 
1160.5 1169.0 1170.9 

Ave. 1160.0 Ave. 1168.8 Ave. 1171.3 
Diff. 24.4 Diff. 22.2 Diff. 0.5 

0.pacitanoe 14.4 ntnfd.. Caaoitince 13.1 rrztfd, Capacitance 12.1 rfd.. 

8 Tie V'ire No.16 Tie Wire 

Ins. Out 1193.0 ' ma. Out 1190.8 
119.5 1191.1 
1193. 1191.0 

Ave. . 119..9 Ave. 1191.0 
1115e In 1169.0 Ins. In 1172.3 

1169.7 1171.5 
1169.8 1171.0 

Ave. 1169.5 Ave. 1171.6 
Diff. 23.4 Diff. 19.4 

Capacitance 13.8 rfd. CapacItance 11.4 rnfd. 

No.10 Tie Wire :No. 20 Tie Wire 

1218. Out 1191.7 Ins. Out 1191.5 
1190.5 1191.2 
1191.5 1191.7 

Ave. 1191. Ave. 1191.5 
1n8. Iii 1168.0 1173.2 

1167.5 1173.5 
1168.7 1172.0 

Ave. 1168.1 Ave. 1172.9 
Diff. '3.1 Diff. 18.6 

Capacitance 13.6 'ifd.. 0apacit:ce 11.0 rn.'ifd. 

*Insulator v;ith metal thimble. 
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this con8tant. The value given by those of the nEnufacturers who bacI 

the information available was approximately from five to seven. An 

accurate knowledge of the permittivity of the different insulators 

would probably do mLlch to explain the capacitance variations. 

T}fl FECT OF FREQUE2CY ON CACITA1C - The data included on Page 35 

ehow that within the frequency range investigated there s no appar- 

eut change in the capacitance of the insulators. It is further be- 

lieved that aecurate measurents talen with either a low-frequency 

or direct current would show practically the same capacitance Values 

as were here obtained with a frequency of approximately 500,000 cycles 

per second. Other investigators7 bave obtained practically constant 

values of capacitance over wide frequency ranges for materials which 

a.re similar to electrical porcelain. 

TRE EFFT 0F INSULATOR DESIGI ON CAPACITCE - 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 thioh it is molded will cause variations in 

capacitance. 

RATION BETWEEN IGHT AI CAPACITANCE - Eince the weight ja a 

rough indication of the amount of porcelain present, and since the 

porcelain has a perinittivity of about 5 to 7 compared to air, a corn- 

parison was de of the weight and the capacitance for one of the 

classes. A certain relation did. exist, but this was the same as the 



Data hv:in the Effect 
of 

ruencr n the Capaci tance of 
Ins. No, A_35* 

F'reguencj 452.000 c'c1es er second. 

me. Out 1234.1 
1234.8 
1235.0 

tve. 124.6 
his. In 1212.5 

1212.3 

ve. 
Diff. 2..3 

Capacitance 13.1 

Fxeguency 577,000 cycles jer second. 

Ins, Out 760.2 
760.6 
769.8 

Ave. 760.2 
Ins. In 738.4 

737.7 
738.2 

Ave. 738.1 
Dif. 

Cacitance 13.1 mrnfd. 

Frequency 932.000 cc1es per second 

Ins. Out 300.5 
300.5 
300.5 

Ave. 300.5 
Ins. In 278.5 

270.0 
277.8 

Ave, 278.1 
Diff. 2.4 

Capacitance 13.2 nfd. 

*Insulator with eta1 thimble. 
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Note-The apparent capaci- 
tance should decrease with 
an morcase in freuencr. 
Hovever, the increase in 
capacitance is not great 
enough to be observable. 
T1 changes notel are due 
to errors in readings. 



relation beten the thicknese from the pin to the conductor groove 

and the thi.cicnesa 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 rm.ist be remembered that an increase might actually decrease the 

capacitance due to the fact that the distance between the electrodes 

would also be increased. 

T!: THICJES FROM PIN TO T TIE WIRE OOVB A1D OA.PAOITAiCE - This 

study was only de l'or the 13-l? kilovolt insulators. As can be seen, 

from the diagrams issued by the nufacturera 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 detailed study is nade of the curves for the insule.- 

tors of the 13-17 kilovolt class shown on Pages 49 to 54, it will be 

fount 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 increased that the 

oapaoltnce creaaed. The close relation between the thickness from 

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

i nt e re s ti ng. 
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LENGTH OF T TIE VIBE OOVE AiD CAPACITAICE - The insulators 

with the longer tie wires would be exected to have a greater capac- 

itance than those with a shorter one. An investigation was therc-f ore 

de to determine if a relation existed between the length of tie 

wire groove and the capacitance. This study vas made for all of the 

insulators, but the data are only include.d for the 45-55 kilovolt, 

and the 66 kilovolt classes. For the 13-17 kilovolt class, 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. owever, on 

Page 61 the curves for the type E insulators indicate that as the 

length of the tie wire deoreases, the capacitance decreases also. On 

Page 62, the curves for the type F insulators show no consistent re- 

lation. The averages of these values bave been plotted for each type 

on Page 63. These curves indicate that there is no consistent rela- 

tionship for tìii olas 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 beten 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. 

-37- 



ThE THICIESS FROM PIN TO CODU0TOR GROOVE A1D CPCITLCE - The curve 

on Page 49 for the 13-17 kilovolt insulators of type A do not show as 

consistent a relation between the thiciess of head. and capacitance as 

would be expected. The curves for the type B insulators on Page 50 

and. for the type C insulators on Page 51 aleo show no consistent varia- 

tions. Hover, for the type D insulators on Page 52 the trend of the 

thicmess of head. curve Is upvard with a decrease in the capacitance 

curve. It should be noticed that for these insulators both the thick- 

ness of the wall and the thioIiees of the head. are greater than for 

any of the other insulators of this class. Attention is also called 

to the fact that this type of insulators had the lowest capacitance 

of any of the insulators of this olass. The curves for the type E in- 

sulatore, and for the type F insulators shown on Page 53, and 54, 

respectively, both show a tendency for thiolciess of head to be associ- 

ated with decrease in capacitance. 

Although for inLtivid.ual insulators of a given class the var- 

iations in thickness from conductor groove to pin hole y 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, rauch more uniform in dimensions, it 

is best to onaider these separately. The curves for the type A 

inaulatox of the 45-55 kilovolt class shown on Page 57 show a tendency 



for the capacitance and the thicicnes6 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 shov. no consistent relations. 

The averages for the 45-55 ki1volt class are plotted on 

Page 63. The effect of the thic1iess from the pin to the conductor 

Is leas rz.rked 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 vtiich has a thick head will also have a 

lower capacitance than an insulator of the saine class having a thin 

head. 

The insulators of the 66 kilovolt class were found to be 

nich more uniform than either of the other classes examined, in gen- 

oral this was true of both the dimensions and the capacitance. If an 

examination Is made of the curves for the type 4. insulators of this 

olass 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- 

eulator head.. For the type C insulators this is also the tendency. 

n examination of the curves for the type D insulators on Page 68; 

for the type £ insulators on Page 69; an the type F insulators on 

Page 70 will show no apparent relationships existing. The close 
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agreennt in the uniformity of dinnsions and the uniformity of the 

oapaolta1oe values for the type F insulators is interesting. 

The curves for the averages of these 66 kilovolt insulators 

are on Page 71. Here it v.111 be found that the relation betven the 

thiciiees 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. 

T1 B1ATIOI BETY1uN COROIA AD C.á.PACITiICB - To determine if there 

were a relation between these factors, corona formation voltage values 

for the differeilt Insulators of the 45-55 kilovolt clase were plotted 

and. compared with the capacitance values. It was found. that the coro- 

na voltage values decreased. to some extent with d.eoreasing capacitance. 

However, the relation was not very consistent, and the curves have not 

been included. These corona forn,tion voltages were obtained. from the 

data gathered. by Professor LoLillan and. the students vho worked with 

hirn. 

TIfl RELaTION BLTVIKLN PUNCTtJP .ID CAPACITIL2TCE - The exac t nature of 

dielectric losses due to an alternating field is not definitely aiown, 

and. there Is at present a great amount of study being carried on to 

dettrinine if possible the exact nature of these losses. An article by 

Professor J. B. Whitehead8 gives a very good. suiary of past and. pres- 

eut views on the subject. There are those who advocate that alter- 
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nating loaiea are due entirely to absorption loases, and. those who 

hold that there is a loss due to the changing flux which has been 

ternied dielectric hysteresis. Although Whitehead8 states that alter- 

nating losses in solid dieleotrics are due almost entirely to absorp- 

tion, it is hard. to rke this a general statement which vili fit all 

cases, all frequencies, and all, dielectrics. In an article considering 

the design of porcelain antenna insulators, V.. V. Brown9 brings out the 

point that dielectric losses are proportional nearly to the square of 

the fltix density. Although Whitehead and n.ny others probably would. 

not agree with the idea, it is not iropoesible that when the exact 

nature of dielectric losses is well 1aion that it ll be found that 

there are changes within the atom which account for much loss with a 

rapidly alternating dielectric field. 

If there is a loss in the insulators ilch is proportional 

to the dielectric flux in the porcelain, this loss would also depend 

on the capacitance of the insulator. Since lt is well Imovn that a 

dielectric vlll puncture at a much lower voltage when at a hiwi 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 wis 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 arid the 

group of students under his supervision as a determination of the 

puncture voltage of the insulators. These tests were made In accord- 

ance vith the specifications of the American Institute of Electrical 
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Engineers5 as B prevlou8ly nt1oiied. Very briefly, the method con- 

elsted of 1mzrering the inu1atcr In an Inverted position In a metal 

tank containing oil. The head. of the insulator was provided with a 

conductor in the groove con6i8ting of two 0.5 inch brass tubes one foot 

long which were fastened together at their centere and. which were held. 

in place with a #6 tie wire. These conductcrß were in contact with the 

bottom of the tank from which coxmeotion were made through ground. to 

one aide of the high voltage tranefornr. The rj, in place in the 

lneulator, wa connected. to the other side of the transformer. After 

the connections were made the voltage was raised at a uniform rate to 

about 8Q of the puncture value to de terrdne with the sphere .p the 

transformer ratio. The voltage wa then removed to permit the sphere 

gap to be opened so that it would. not flash, and then the voltage e 

again raised at a uniform rate until puncture of the insulator occurred. 

Curves shov'in graphically the relation found. between the 

puncture voltage value an the capacitance are included for the 13-17 

kilovolt class. Data were not available for the other classes as the 

tests have not been corrleted. The curves for the type insulators 

on Page 49 show that in general vthere the capacitance is low the 

puncture voltage is al8o low. The curves for the type B insulators 

on Page 50, and for the type C insulatoxon 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 meula- 

tors on Pages 53 and. 54 each show in general a decreasing voltage 

with decreasing capacitance. This is not what would be expected if 



the alternating flux, the xzi1tude of which depended on the capaci- 

tance, had. anr predominating influence on the tenerature rise in the 

insulators, and. therefore the puncture voltage value. Hovver, the 

averages of the different types plotted ozi Page 55 show that in gen- 

eral, the insulators havir.g 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 was not 

due to the effect of the capacitance. 

On Page 44 data are found for these puncture voltage values 

together v'ith the point at which the insulators punctured. A surmmry 

is also shown on Page 45. These figures show that for the type A 

insulators, lOO 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 thic1esses are not so urked. 

The puncture data show that as a result of this, that 50% punctured 

through to the tie wire and 4O to the conductor groove. The curves 

for the type C insulators 8hocv that there is a wider deviation be- 

tween the two thioInesses than in the case of the type B insulators. 

As a result, 7O punctured from the conductor groove, and only ten 

per cent to the tie wire groove. For the type D insulators, the 

thic1ness of the porcelain is less to the tie wire groove, and the 

greatest to the conductor groove. It is shown that as a result 8O 

of the insulators of this type punctured. to the tie wire groove, and 

only 2O to the conductor groove. The dimensions of the type E 
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POENCTURE VOLTLGE DATA 

- 17 KIlovolt 

Insulator Looation Puncture InBulatC'r Looatlon Puncture 

Number of Puncture Volta Number of Puncture Voltage 

A-11 X 76.4 Kv. 3-11 Y 96.3 Kv. 

12 X 76.5 12 X 101.2 

13 X 102.3 13 Y 101.8 

14 X 81.6 14 Y 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 Y 100.1 

20 X 89.8 20 Y 81.6 

Average 87.1 Average 97.0 

c-11 X 95.0 Kv. D-li Y 100.8 Kv. 

12 X 82.4 12 Y 105.6 

13 X 107.8 13 Y 102.3 

14 Z 98.5 Y 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 Y 99.7 

19 X 100.0 19 Y 107.6 

20 Z 81.0 20 Y 107.7 
Average 95.7 Average 105.3 

Z-11 Y 81.5 F-11 Y 73,0 
12 Y 92.3 12 2 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 Y 100.8 16 Y 94.0 
17 Y 105.3 17 X 86.1 
18 X 93.7 18 Y 97.2 
19 Y 97.2 19 X 95.6 
20 Y 87.2 20 X 84.3 

Average 94.5 Average 92.7 

X -- Punctured from Conductor Groove to Pin Hole 
Y -- Punctured from Tie Wire Groove to Pin Hole 
Z -- Punctured from Top of Head. to Pin Hole 
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LOCATIO1 OF PUICTURES 

- 17 Kilovolt 

Type A Conductor Groove to Pin Hole 100% 

Type B Cox4uotor Groove to Pin Hole 40% 
Tie Wire Groove to Pin Hole 50% 
Top of Insulator to Pin Hole io% 

Type C Conductor Groove to Pin Hole 70% 
Tie Wire Groove to Pin Hole io% 

Tor of Insulator to Pin Hole 20% 

Type D Tie Wire Groove to Pin Hole 
Conductor Groove to Pin Hole 20% 

ype E Tie Wire Groove to Pin Hole 70% 
Conductor Groove to Pin Hole 30% 

Type F Conductor Groove to Pin Hole 60% 
Tie Wire Groove to Pin Hole 30 

Top of Insulator to Pin Hole 10% 
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insulators are more nearly the sa than the type D insulators, and as 

a result 70% 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. euch was the case, 60% puncturing to the conductor 

groove, and 30% to the tie wire groove. Therefore, if the dimensions 

are mown, it Is possible in general to predict the point at which 

the insulator will fail. 

From the above considerations it y 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 £enerally detern.tnes the point at which the Insulators puncture. 

At 60 cycles it would appear that the capacitance of the insulator 

would not determine the puncture voltage value although it might 

influence this value, However, if the discussion by W. W. Brown9 is 

true, at radio frequencies the capacitance might be the factor which 

largely deternined 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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CO1CLUIO!S 

Section VI 

The n*jor oonClu8ionB to be drawn from thie study are as 

follows: 

(1) HIgh-voltage pin-type inaul.atorv have an apreo1ab1e amount of 

oapacitanoe which was found to vary from about 8 to 15 m1cro-cicro- 

farada. 

(2) The tie wire influences the capacitanoe to some extent. Within 

certain limite, an Insulator with a large tie wire Will show an in- 

orease in capacitance over the saine insulator with a en.11 tie wire. 

(3) The frequency at which the measurements are nmde does not mf lu- 

ence, to any great extent, the capacitance of the insulators. 

(4) Various factors of d.eeii ei.oh 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) g relationship exists between the puncture voltage and capacitance 

which is entirely due to the thickness of the porcelain which deter- 

minee both the puncture voltage and. capacitance. 

(7) From a knowledge of the thiolcieee of porcelain it 1 possible 

to predict at what point the insulator will fail. 

(8) Although at 60 cycles the capacitance does not determine the 

puncture voltage, at radio frequencies it might be the determining 

factor. 
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13-17 LOVOLT I1SILATOR CtRVES 

Section VII 
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45-55 LOVOLT INtJLATOR CURVES 

Section VIII 
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66 LOVOLT INLT CTJRV 

Seotion IX 
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CAPACI L10E TEST DAT 

eotiou X 

13-17 Kilovolt, Pages 73 - 82 

45-55 Kilovolt, Pages 83 - 92 

66 Kilovolt, Pages 93 -102 
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Capacitance Test Data 

1118. },O. 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. 16.7 

Capaoltance 11.0 mmfd. 

his. No. A- 12 

1118. Out 1165.0 
1165.2 
1165 .0 

Ave. 1165.1 
Ins. In 1147. 

1147 .7 
1147.8 

Ave. 1165.1 
Diff. 17.5 

Capacitance 10.3 rnmfc3. 

Ins. Io. A-15 

Ins. Ot 116.7 
1165.0 
1164 6 

Ave. 1164.8 
Ins. In 1147.3 

1146 8 

1146 .8 
Ave. 1147.0 

Diff. 17.8 
Capacitance 10.5 ininfd. 

Ins. 1o. Â-14 

Ins. Out 1164.7 
116 7 

1164,7 
Ave. 1164.7 

Inc. In 1147.0 
1146.5 
1147.2 

Ave. 1146.9 
Diff. 17.8 

Capacitance 10.5 rnmfd.. 

Ins I' o Â-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. l'o. Â-16 

Ins. Out 1165.3 
11 64 e 

1165.2 
Ave. 1165.1 

Ins. In 1147.5 
1147.0 
1147 O 

Ave. 1147.2 
Diff. 17.9 

Capacitance 10.5 mrnfcl. 

*Insulator checked. to deterrne if error had been niale in measuring 
the capacitance 
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Cacit.ice Te6t )ata 

Ins. A-17 

ma. Out 1164.5 
1165.0 
1165.2 

Ave. lb4.9 
Ins. In 1146.5 

1146.3 
1146 7 

Ave. 1147.1 
Diff. 17.8 

Capacitance 10.5 mmfd. 

Ins. lo. A_18* 

Ins, Out 1163.0 
1162.8 
1163.0 

Ave. 116.9 
Ins. In 1146.5 

1146.3 
1146 7 

Ave. 1146.5 
Diff. 16.4 

Capacitance 9.7 nmfd. 

Ins. 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 nfd. 

Ins. o. L-20 

Ins. Out 1163.5 
1164.2 
1164.0 

Ave. 1163.9 
Ins. In 1146,0 

1146.0 
1146 3 

Ave. 1146.1 
Diff. 17.8 

Capacitance 10.5 m'nfd. 

Ins. Izo. B-11 

Ins. Out 1165.0 
1164.5 
I 1 64 8 

Ave. 1164.8 
Ins. In 1144.9 

1145.1 
1145.6 

Ave, 1145.2 
Diff. 19.6 

Capacitance 11.6 rnmfd. 

Ins. Io. B-12 

Ins. Out 1164.9 
1164.9 
1164.0 

..ve rx 

Ins. In 1145.0 
1144.9 
1144.9 

Ave. 1144.9 
Diff. 19.7 

Capacitance 11.6 rnrnfd. 

*Insulator eheoke3. to determine if error had been made in neasuring 
the capacitance 



Ca_pacitance 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. 16.5 

Capacitance 10.9 irnifi. 

Ii:is. o. B-14 

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 ¡rfnfd. 

Ins. Io. B_15* 

Ins. Out 1165.8 
1165.0 
1165.5 

Ave. 1165.4 
Ins. In 1147.7 

1147.5 
1146.0 

Ave. 1147.7 

Diff. 17.7 

Capacitance 10.4 rthì. 

Ins. No. B-16 

Ins. Out 1161,5 
1162.0 
1161.5 

Ave. 1161.6 
Ins. In 1142.6 

114: .7 

1142.5 

Ave. 1142.6 

Diff. 19.0 
Capacitance 11.2 rnmfd. 

Ins. o. B_17* 

Ins. Out 1164.5 
1164.2 
1164.4 

Ave. 1164.4 
his. In 1147.4 

1146.5 
1146.6 

Ave. 1146.8 
Diff. 17.6 

Capacitance 10.4 rnrnfd. 

Ins. No. B-16 

Ins. Out 1165.3 
1165.3 
I I 64 5 

Ave. 1164.0 
Ins. In 1145.2 

1145.0 
1144.5 

Ave. 1144.9 
Diff. 18.7 

Capacitanoe 11.3 mmfd. 

''Insu1ator checked to determine if error had been mad.e in measuring 
the capacitance. 
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Capacitance Test Data 

Ins. No. B-19 

Ins. Out 1159.9 
1160.5 
1160.2 

Ave. 1160.2 
Ins. In 1144.2 

1138.8 
1138.7 

Ave. 1140.6 
Diff. 19.6 

Capaoitanoe 11.6 rnrnfd. 

Ins. No. B_20* 

Ins. Out 1161.4 
1161.3 
1161.2 

Ave. 1161.3 
Ins. In 1143.9 

1143.9 
1143.6 

Ave. 1143.8 
Diff. 17.5 

Capaoitane 10.3 rnmÍcI. 

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 
Ins. In 1149.9 

1149.4 
1149.5 

Ave. 1149.6 
Diff. 18.7 

Capacitance 11.0 rrnf4. 

Ins. No. C_13* 

Ins. Out 1167.6 
1168.5 
1168.5 

Ave. 1168.2 
Ins. In 1148.6 

1148.8 
1 14 8 7 

Ave. 1148.7 
Diff. 19.5 

Capacitance 11.5 ninfò.. 

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. 18.7 

Capacitance 11.0 nimfd.. 

4lnsulator checked. to determine if error had been made in measuring 
the oapaoitanoe. 

-76- 



Capacitance Teet Data 

ma. Io. C-15 

lue. Out 1164.1 
1164.5 
116417 

Ave. 1164.4 

Ins. In 1144.5 
1145.2 
1145.3 

Ave. 1145.0 

Dif f. 19.4 

Capacitance 11.4 nnfd. 

Ins. No. C-16 

Ins. Out 1151.7 
1151.5 
115111 

Ave. 1151.4 
Ins. In 1132.4 

1132.4 
113,..7 

Ave. 113,..5 

Diff. 18.9 

Capacitance 11.1 'irnfd. 

Ins. Nc. C_17* 

Ins. Out 1151. 

1151.2 
1150.2 

Ave. 1150.9 

Ins. In 1133.4 
1133.0 
1132.8 

Ave. 1133.1 
Diff. 17.8 

Capacitance 10.5 ninfd.. 

Ins. No. C16 

mb. Out 1156.7 
1156.7 
1156.3 

Ave. 1156.6 

Ins. In 1137. 

1137.8 

1137.5 

Ave. 1137.5 

Diff. 19.]. 
Capacitance 11.3 rnmfd.. 

L. ro.C- 19* 

Ins. Out U6.4 
1165.0 
1165.2 

Ave. 1165.2 
Ins. In 1145.4 

1145.2 
1145.0 

Ave. 1145.2 
Diff. 20.0 

Capacitance 11.8 uinfd. 

his. ITO. C_20* 

Ins. Out 1161,8 
1162.0 
1162.5 

Ave. 1162.1 
Ins. In 1145.0 

1144.8 
1144.5 

Ave. 1144.8 
Diff. 17.3 

Capacitance 10.2 rmnfd.. 

"Insu1atcrs checked to deterr'.ine if error baci. been made in measuring 

the capacitance. 
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Carjaaltance Test Data 

Ins. No. D11* Ins. No. D-14 

Ins. Out. 1155.0 Ins. Out 1158.0 
1155.4 1157.3 
1155.2 1157.3 

Ave. 1153.9 Ave. 1157.5 
Ins. In 1140.2 Ins. In 1142.5 

1139.2 1142.0 
1139.5 114.0 

Ave. 1139.6 Ave. 1142.2 
DIff. 14.3 Diff. 15.2 

Capacitaiioe 8.4 mndt. Cajaoitance 9.0 ninfd.. 

lue. No. D-12 Ins. No. D-15 

Ins. Out 1155.5 Ins. Out 1161.5 
1155.6 1160.8 
1155.7 1160.8 

Ave. 1155.6 Ave. 1161.0 
Ins. In 1139.4 .Ins. In 1146.0 

1140.3 12.46.3 
1139.5 1146.0 

Ave. 1139.7 Ave. 1146.1 
Diff. 15.9 Diff. 14.9 

Capaoiance 9.4 rnr'ifcì.. Caaoitanoe 8.8 rnmH. 

I28. 1O. D_13* . Ins. No. D-1G 

Ins. Ot 1154.9 Ins. Out 1157.2 
1155.0 1157.5 
1155.2 1157.6 

Ave. 1155.0 Ave. 1157.4 
his. In 1140.5 Ins. In 114.0 

1140.8 1142.5 
1140.5 1141.7 

Ave. 1140.6 Ave. 1141.7 
Diff. 14.4 Diff. 15.7 

Capacitance 8.5 mn1. Capacitance 9.3 mnfd. 

*InsulatOrs checked to ietermizie 1f error had. been made in measuring 
the opaoitanoe. 



Capacitance Test Data 

ma. o. D-1? ma, No. D-20 

1x16. Out 1169.5 1n6. Out 1170.7 
1169.4 1170.5 
1169.8 1170.2 

Ave. 1169,6 Ave. 1170.5 
me. In 1154.5 Ins. In. 1155.2 

115ô.8 1155.1 
1154.5 1155.2 

Ave. 1154.3 Ave, 1155.2 
Diff. 16.4 Diff. 15.3 

Capacitance 9.7 rtrníd. Capacitance 9.0 mmfd.. 

ma. No. D18* Ins. No. E-11 

ma. ot 1171.3 hie. Out 1172. 
1172.0 1172.1 
1171.6 117.4 

Ave. 1171.6 Ave. 1172.2 
ma. In 1156.9 Ins. In 1155. 

1156.3 1156.1 
1155.5 1156.5 

Ave. 1156.2 Ave. 1156.3 
Diff. 15.4 Diff. 15.9 

Capacitance 9.1 xmnfd. Capacitance 9.4 nn'fd.. 

1118. o. D-19 Ins. Io. E_12* 

Ins. 0t 1172.0 Ins. Out 1170.8 
1172.8 1170.7 
1172.4 1171.3 

Ave. 1172.4 Ave. 1171.9 
1118. In 1157.6 Ins. In 1154.0 

1157.5 1154.8 
1157.0 1154.2 

Ave. 1157.4 Ave. 1154.3 
Diff. 15.0 Diff. 17.6 

Capacitance 8.8 rnmfd. Capacitance 10.4 rrimfd. 

*Iuaulator checked. to determine if error had. been irade in measuring 
the capacitance. 
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Capacitance Teat Data 

Ins. No. E-13 Ins. No. E_16* 

Ins. Out 1168.2 Ins. Out 1173.6 

1168.7 1172.9 

11ô7.6 1173.4 

Ave. 1168.2 Ave. 1173.3 

Ins. In 1151.3 Ins. In 1156.5 

1152.0 1157.0 

115..O 1156.0 

Ave. 1151.8 Ave. 1156.5 

Diff. 16.4 Diff. 16.8 

Capacitance 9.7 ifd. CapacitanGe 9.9 fd.. 

Ins. io. E-14 Ins. No. V17 

Ins, Out 1172.1 Ins, Out 1170.5 

1172.8 1171.5 

1172.6 1171.5 

Ave. 1172.5 Ave. 1171.2 

Ins. In 1156.5 Ins. In 1155.1 

1156.5 1154.5 

1156.0 1154.5 

Ave. 1156.3 Ave. 1154.7 

Diff 16.3 Capacitance 9.7 rznfd.. 

Capacitance 9.6 ninfd.. Diff. 16.5 

Ins. No. E-1A Ins. IZo, E_18* 

Ins. Out 1172.4 Ins. Out 1172.7 

1172.4 1173.0 
1172.7 1172.5 

Ave. 1172.5 Ave. 1172.7 

Ins. In 1156.2 Ins. In, 1157.7 
1156.8 1157.4 

1156.8 1156.8 

Ave. 1156.6 Ave. 1157.3 

Diff. 15.9 Diff 15.4 

CapacItance 9.4 mnf cl. Capaoltance 9.1 rnrnfd. 

*Inaulatora checked to determine if error had been made in measuring 
the capacitance. 
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C;.acitarce Teßt Data 

ILb.NO. T'-19 

Ins. Out 1169.7 
1170.0 
1170.3 

Ave. 1170.0 

mB. In 1154.0 
1153.8 
1154 O 

Ave. 1153.9 

Diff. 16.1 

Capacitance 9.5 if à. 

1118. O. E-20 

Ins. Cut 1173.9 
1173.2 
1173 .2 

Ave. 1173.4 

Ins. In 1156.5 
1156.8 
1157.2 

Ave. 1156.8 

Diff. 16.6 
Capacitance 9.8 nnfì. 

Ins Io F-11 

Ins. Out 1172.4 
117.4 
1172.1. 

Ave. 117.3 
1118. In 1156.5 

1155.8 
1156.2 

Ave. 1156.2 

Diff. 16.1 

Capacitance 9.5 rnrnfd. 

mb. ro. F-12 

Ins. Out 1169.9 
1169.4 
1169.5 

Ave. 1169.6 

1118. In 1152.5 
1152.7 
1153.0 

Ave. 1152.7 
Diff. 16.9 

Capacitance 10.0 nimfd.. 

1118. O. F-13 

mb. Out 1171.3 

1171.3 
1171.6 

Ave. 1171.4 

Ins. In 1154.5 
1154.3 
1154.5 

Ave. 1154.4 

Diff. 17.0 

Capacitance 10.0 nimfd. 

ins. Ìo. F_14* 

1116. Out 1172.3 
1171.8 
1171.7 

Ave. 1171.9 
Ins. In 1153. 

1153.6 
1153.0 

Ave. 1153.3 

Diff. 18.6 
Capacitance 11.0 rnfci. 

*InSulatOrB checked. to deterinc if error had been made in measuring 
the capacitance. 
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CaI)acitance Teit Data 

111&. No. 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 rnrnfd. 

Ins. No. F_16* 

Ins. Out 1170.7 
1170.5 
1170.6 

Ave. 1170.6 

Ins. In 1155.0 
1154.5 
1154.3 

Ave. 1154.6 
Diff. 16.0 

Capacitance 9.4 i-fd. 

Ins. o. F-17 

Lis. Out 1172.0 
1172.0 
1172.5 

Ave. 1172.2 

Ins. In 1154.0 
1153. 
1154 .0 

Ave. 1153.8 

Dif. 16.4 

Capacitance 10.9 :r!d. 

Ins. No. F-18 

Ins. Outll7Z.0 
1171.6 
1171.5 

Ave. 1171.1 

Ins. In 1154.0 

1154.5 
1154.2 

Ave. 1154.2 

Diff. 17.5 

Capacitance 10.3 nnfi. 

Ins. F. F-19 

huis, Out 1171.3 
1172.0 
1171.8 

AXe. 1171,7 

Ins. In 1154.2 
11o4.3 
1153.6 

Ave. 1154.0 
Diff. 17.7 

Cacitance 10.4 tfd. 

Ixis. :o. F-20 

Ins. Out 1171.2 
1172.0 
1 1 

72 
5 

Ave. 1151.9 
Ins. In 1154.5 

1154.0 
1154.0 

Ave. 1154.2 

Diff. 17.7 

Caacitqnce 10.4 nfd 

*Inbulators oheckei to determine if error hal been nade in measurin 

the capacitance. 
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Ca.acitance Test Data 

Ins. o. Â-31 M Ins. No..A-34 -. 

Ins. Out 1172.6 Ins. Out 1177. 

1172.4 1177.6 

1172.5 1177.0 

&ve. 1172.5 Ave. 1177.3 

Ins. In -1150.5 Ins. In 1156. 

1151.5 1155.6 

1151.2 1156.0 

Ave. 1151.1 Ave. 1156.0 

Diff. 1.4 Diff. 21.3 

Capacitance 12.6 mrnN. Caaoitance 12.6 nmifd.. 

Ins. ro. A-3E M Ins. No. Â-35 ! 

Ins. Out 1178.7 Ins. Out 1183.0 
1178.3 1183.0 

1178.8 1193.2 

Ave. 1178.6 AVe. 1183.2 

Ins. In 1156.0 Ins. In 1158.7 

1155.3 1159/0 

1155.5 1158.8 

Ave. 1155.6 Ave. 1158.8 

Diff. ¿3.0 Diff. ¿4.4 
Capacitance 13.6 mmfd. . Capacitance 14.4 nimf cl. 

Ins. No. Â-33 Ins. Â-36 M 

Ins. Out 1175.5 his. Out 1160.5 

1176.0 1180.5 

1175.5 1179.7 

Ave. 1175.7 Ave. 1180.2 

Ins. In 1153.1 Ins. In 1157.3 

1152.6 1157.6 
1153.5 1157.5 

Ave. 1153.1 Ave. 1157.5 

Diff. 22.6 Diff. 20.7 

Capacitance 13.3 mmíd. Capacitance 13. ritfd. 

1! -Insu1bor v;ith metal thimble. 
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Capacitance Test Data 

Ins. No. A-37 Ins. No. Â-40 M 

Ins. Out 1174.5 Ins. Out 1181.4 

1174.0 1182.0 
1173.1 1181.5 

Ave. 1173.9 Ave. 1181.6 

Ins. In 1152.7 Ins, In 1158.0 

1152.9 1158.7 

1152.0 1157.8 

Ave. 1152.5 Ave. 1158.2 

Diff. 21.4 Diff. 23,4 

Capacitance 12.6 rnmfd. Capacitance mmfd.. 

Ins. No. A-38 i: Ins. No. B-31 

Ins. Out 1177.0 Ins. Out 1177.3 
1177.6 1177.7 

1177.5 1177.0 

Ave. 1177.4 Ave. 1177.3 

Ins. In 1157.5 Ins. In 1157.5 
1157.0 1157.0 
1156.5 1157.0 

Ave. 1157.0 Ave. 1157.2 

Diff. 20.4 Diff. 21.1 
Capacitance 12.0 nznfd.. Capacitance 12.4 iinfd.. 

Ins. No. A-39 L Ins. No. B-32 

Ins. Out 1217.7 Ins. Out 1175.5 
1218.2 1175.8 

1217.5 1175.9 

Ave. 1217,8 Ave. 1175.7 

Ins. In 1195.4 Ins. In. 1155.5 
1196. 1156.0 
1196.0 1156.2 

Ave. 1195.9 Ave. 1155.9 
Diff. 21.9 Diff. 19.8 

Capacitance 12.9 rnrnfd. Capacitance 11.7 rnrnfd. 

M - Insulator with metal thimble. 
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Capacitance Test Data 

Ins. No. B-33 

Ins. Oat 1220.1 
1219.9 
1219.6 

Ave. 1219.9 

Ins. In 1200.7 

1200.0 
1200.0 

Ave. 1200.2 
Diff. 19.7 

Capacitance 11.6 nfd.. 

Ins. No. B34* 

Ins. Out 1170.0 
1169.5 
1170.0 

Ave. 1170.8 

1fl8. In 1149.0 
1149.0 

1148.9 

Ave. 1149.0 

Diff, 1.8 

Capacitance 12.9 d. 

Ins. N. B-35 

Ins. Out 1159.1 
1160.8 

Ins 1160.0 
Ave. 1159.9 

Ins, In 1140.0 
1139.4 
1139.8 

Ave. 1139.4 
Diff. 20.5 

Capacitance 12.1 mmfi. 

Ins. No. B-36 

Ins. Out 1172.8 
1172.0 

1 
1 
J. (e.. 

Ave.1172.4 
Ins. In 1152,5 

1152.7 
1152.0 

Ave. 1152.4 
DLÍT. 20.0 

Capacitance 11.8 mmfd.. 

Ins. No. 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 xmxifd.. 

mB. No. B-38 

Ins. Out 1160.3 
1161. 

1161.1 
Ave. 1160.9 

Ins. In 1140,8 
1140 7 

1140.2 
Ave. 1140.6 

Diff. 20.3 

Capacitance 12.0 rnrnfd. 

* Insulator checked to ¿eterrnine if error had been rrde in measuring 
the capacitance. 
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Capacitance Teßt Data 

Ins. No. B-39 Ins. C-32 M 

Ins. Out 1161.0 Ins. Out 1173.0 
1161.0 1172.0 
1161.2 1172.2 

Ave. 1161.1 Ave, L17.4 
Ins. In 1140.5 Ins, In 1152.8 

1140.1 1153.0 
1140.2 1153.3 

Ave. 1140.3 Ave. 115..0 
Diff. Diff. 19.4 

Cajacitance 12.3 mmf cl. Capacitance 11.4 rnmfò.. 

Ins B-40 Ins No C-33 M 

Ins. Out 1160.8 Ins. Out 1173.5 
1159.8 1173.8 
1161.1 1173.9 

Ave. 1160.6 Ave. 1173.7 
Ins. In 1141.0 Ins. In 1154,2 

1140.8 1155.4 
1141.2 1154.2 

Ave. 1141.0 Ave. 1154.6 
Diff. 19.6 Diff. 19.1 

Capacitance 11.6 rnrEfd. C.pa.oitance 11.3 mrfd. 

Ins, No. C-31 Ins. No. C-34 M 

Ins. Out 1175.5 Ins. Out 117t.9 
1174.8 1178.. 
1175.5 1179.0 

Ave, 1175.3 Ave. 1178.4 
his. In 1155,4 Ins. In 1159.0 

1155.8 1158.5 
¿J '-i. ¿JL)I. 

Ave. 1155.6 Ave. 1156.6 
Diff, 19.7 Diff. 19.8 

Capacitance 11,6 fd. Capacitance 11.7 nmif. 

M Insulator 'ith metal thimble 



Capacitance Test Dta 

Ins. Lo. C-35 M 

Ins. Out 1178. 

1177.0 

1176,7 

Ave. 1177.3 

Ins, In 1157.5 
1157,5 
1156. 

Ave. 1157.7 

Diff. 19.6 

Capacitance 11.6 'ifd. 

Ins. 1,0. C_36* 1. 

Ins. Out 1178.9 

1177 .5 

1177,0 
Ave. 1177,6 

Ins. In 1156.2 
1156.5 
1156.5 

Ave. 1157.1 
Diff. 0.7 

Capacitance 12.2 nr. 

Ins. io. C-37 M 

Ii8. Out 1176.1 
1178.0 
1177.8 

Ave. 1178.0 

Ins. In 1157.9 

1157.7 
1159.0 

Ave. 1158.2 

Diff. 19.6 

Capacitance 11.7 rnrnfd. 

Ins. Io. C-6 M 

Ins. Out 1178.5 

1178.0 
1176.5 

Ave. 1177.7 

Ins. In 1157.0 
1156.8 
1157.1 

Ave. 1156.9 
DiÍf. 20.8 

Capacitance 12.3 n'rnfd. 

Ins. No, C-39 r 

Ins. Out 1176.3 
1178.4 
1176.5 

Ave. 1176.4 

1115. Ir. 1159.0 
, i r' 

I 

1156.0 

Ave. 1158.2 
Diff. 20.2 

Calacitance 11.9 ntfd. 

Ins. 1o. C-40 M 

Ins, Out 1176.5 
1177.5 
1178.0 

Ave. 1178.0 
Ins. In 1159.4 

1158.0 
1158.5 

Ave. 1150.6 
Diff. 19.4 

Capacitance 11.4 nzafd. 

*Inaulator okeokeci to determine if error had been made in measuring 
. the capacitance. 

M - Insulator cit1 metal thimble. 
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Capacitance Tc-ßt Data 

In.. No. B-31 

Ins. 0it 1166.2 
1166.4 
1166 8 

Ave. 1166.5 
Ins. In 1148.5 

1149.0 
1149. 

Ave. 1148.9 
Duff. 17.6 

Capacitance 10.4 nrnfd.. 

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 
Capaoitance 11.5 mmfd.. 

Ins. No. D-33 

Ins. Out 1163.8 
1 1t4 1 
11G3 7 

Ave. 1163.9 
Ins. In 1145.7 

1145.7 
1145.2 

Ave. 1145.5 
Diff. 18.4 

Capacitance 10.9 nmtht. 

Ins. o.D-34 

Ins. Out 1161.5 
1161. 
1161.5 

Ave. 1161.4 
Ins. In 1142.5 

1143.2 
1142.3 

Ave. 1142.7 
Duff. 18.7 

Capacitance 11.0 rnmfd.. 

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 
Duff. 18.4 

Capacitance 10.9 mrnfd. 

Ins. No. D36* 

Ins. Out 1156.5 
1157.2 
1157.1 

Ave. 1156.9 
Ins. In 1139.6 

1139.5 
1139.5 

Ave. 1139.5 
Duff. 17.4 

Capacitance 10.3 nvnfd. 

*Insu]etor checked to aetermune if error had. been made in measuring 
the capacitance. 
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Cpaitane Tcst Data 

Ins. 1o. D-3? 

mb. ut 1156.9 
1156.5 
1156.5 

Lye. 115C.6 

Inß. In 1138.7 
1138.3 
1139.5 

Ave. 1138.8 
Diff. 17.8 

Caacitanee 10.5 rnrnfl. 

Ilib. 1o. D_38* 

mb. Out 1165. 
1165 .8 
1165. 

Ave. 1165.4 

Iiia. In 1147. 
1147.5 

1147.0 

Ave. 1147.2 

Diff. 18.4 

Capaoitanoe 10.7 rnrnfl. 

mb D_39* 

Ins. Out 1166.0 
1166.0 
1163.9 

Ave. 116t..0 

Ins. In. 1146.8 
1147.5 
1146.4 

Ave. 1146.9 

Diff. 19.1 

Capacitance 11.3 mrnfò.. 

Im. i:o. D_40* 

Ixis. Out 1165.5 
1165.4 
1165.7 

Ave. 1165.5 

mb. In 1146.2 

1146.8 
1146 .3 

Lye. 1146.4 
Diff. 19.1 

Caa3itance 11.3 rnmfd, 

Ifls. 'Q. E-31 

lits Out 1182 7 

1182.7 
1182.5 

Ave. 1182.6 
Lib. Iii 1164.0 

1163.8 
1163.4 

Ave, 1163.7 
Dif". 18.9 

0apaoitice 11.1 rnrnfd. 

hiS. ]o, D_32* M 

I11. Out 1181.8 
110.5 
1161.2 

Ave. 1181.2 
Ins. In 1162.7 

11& .1 
116.O 

Ave. 116.3 
Diff., 18.9 

Capac1t'nce 11.1 rrrfd. 

*Insu)ator checked to deternine 1f error had been mad.e in measuring 

the capacitance. 

: Insulator "ith metal thimble. 
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Caaoitance Test Data 

Ins, 1o. 133 

Ins. Out 1169.5 
11o9.5 
1170.2 

P_ye. 1169.7 

Ins. In 115..0 
1153.4 
1152.6 

Ave. 1152.7 

Diff. 17.0 

Capaoitace 10.0 rnrnfd.. 

Ins. No. E-34 

Ins. Out 1168.1 
1167.5 
1167.5 

Ave. 1167.7 

Ins. In 1150.9 
1150.5 
115 1 O 

Ave. 1150.6 
16.9 

Capacitance 10.0 cfd. 

Ins. Eo. i-35 M 

his. C'zt 1162.9 

1164.0 
1182.9 

Ave. 1183.3 
Ins. In 1164.2 

1165.0 
1164.5 

Ave. 1164.6 

Dff. 18.7 

CL)aoitaroe 11.0 rifd. 

Ins. No. _36* 

Ins. Out 1171.8 
1171.2 
1170.5 

Ave. 1171.2 

Ifls. In 1153.0 
1153.5 
1152 .7 

Ave. 1153.1 
Diff. 18.1 

Capacitance 10.7 riifd. 

Ins. No. E-37 M 

Ins. Out 1162.2 
1101.7 

1 1 32 7 

ave. 
Ins. In 1163.8 

1164.5 

1164.0 
Ave. 1164.1 

Diff. 18.1 
Capacitance 10.7 rnmfd. 

Ins. No. E_38* !' 

Ins. Out 1177.5 
1178.2 
1176.5 

Ave. 1178.1 
Ins. In 1160.5 

1160.7 
1160.0 

Ave. 1160.4 

Diff. 17.! 

Capacitance 10.4 nfd.. 

*InsulatOr checked to eterniine if error hai been made in measuring 

the capacitance. 

M Ins1ators with metal thimble. 
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Cac1tance Pe6t Data 

Ins. ro. B-39 E Ins. Fo. F-32 

Ins. Oiit 1176.3 Ins. Out 1165.6 
1175.9 1165.2 
1176.0 1165.3 

Ave. 117C.1 Ave. 1165.4 
Ins. In 1158.7 Ins. In 1146.5 

115e.5 11G.O 
115S.6 1146.0 

Ave. 1158.6 Ave. 1146.2 
Diff. 17.5 Diff. 19.2 

Capcitanoe 10.3 r'rf ci. Capacitance 11.3 mrrifd.. 

Ins. I\O. L-40 ? Ins. 1o. F-33 

mB. Out 117.5 Inc. Out 1163.8 
1171.0 1163.5 
1171.0 1163.5 

Ave. 1171.5 Ave. 116.6 
Ins. Iii 1153.4 Irlb. In 1144.5 

1153.0 1145.5 

1153.8 1144.5 
Ave. 1153,4 Ave. 1144.8 

Diff. 18.1 Diff. 18.8 
Capacitance 10.7 mrtf 1. Capacitance 11.1 n'f ci. 

Ins. Fo. F-31 Ins. No. F-34 

1n3. Out 1164.5 Ins. out 1163.7 
1165.0 1164.0 
1164.5 1163.3 

Ave. 1164.7 Ave. 1163.7 
Ins. In 1145.7 . Ins. In 1145.2 

1146.0 1145.2 
114o.4 1145.0 

Ave. 1145.7 Ave. 1145.1 
Diff. 19.0 Diff. 18.6 

Capacitance 11.2 ni Id. Capacitance 11.0 mfd. 

L: - Insulators with metal thimble. 
-91- 



Capacitance Test Data 

me. No. F-35 

ma. Out 1162.1 
1163.0 
1162 8 

Ave. 1162.6 
Ins. In 1143.5 

1144.0 
1143.5 

Ave. 1143.7 
Diff. 18.9 

Capeoitance 11.1 nifd. 

lue. No. F-36 

Ins. Out 1162.1 
1162.0 
1161.8 

Ave. 1162.0 
Ins. In 1143.0 

1 143 5 

1143,5 

Ave. 1143.3 
Diff. 18.7 

Capacitance 11.0 niÎd.. 

Iris. No. F-37 

Ins. Out 1162.2 
1162.4 
11 62 7 

Ave. 116.4 
Ins. In 1143.5 

1143,2 
1143.1 

Ave. 1143.3 
Diff. 19.1 

Capacitance 11.3 rnmfcl. 
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Ins. No. F-36 

Ins. Out. 1159.0 
1159.0 
1156.5 

Ave. 1158.8 
Ins. In 1140.5 

1139.9 
1139.6 

Ave. 1130.0 
Diff. 18.8 

Capacitance 11.1 nfd.. 

Ins. No. F-39 

Ins. Out 1156.3 
1156.8 
1 15 7 7 

Ave. 1156.9 
I2;8. In 1138.0 

1138.2 
1138.5 

Ave. 1136.2 
DiÍ'f. 18.7 

Capacitance 11.0 rnr'.fd.. 

Ins. No. F-40 

In&. Out 1165.2 
1166.2 
1164.2 

Ave. 1165.2 
Ins. In 1146.2 

1147 8 

1146.8 
Ave. 1146.9 

Diff. 16.3 
apaoitanoe 10.7 rnmfd.. 



Capacitance Test Data 

Ins. No. A-5]. 

Ins. Out 1169.3 

1168.3 
1169.0 

Ave. 1168.8 

Ins. In 1148. 

1147.9 
1147.5 

Ave. 1147.9 

Diff. 20.9 

Capaoitance 1.3 mmfì. 

Ins. No. Â-52 

Ins. Out 1168.5 
1167.9 
1168.0 

Ave. 1168.1 

Ins. In 1146.5 
1147.0 
1146.9 

Ave. 1146.8 

Diff. 213 
Capaoitanoe 12.6 mmfd.. 

Ins. No. Â-53 

Iris. Ot 1259.5 
1260.5 
1259.2 

Ave. 1259.7 

Ins. In 1236.7 
1237.4 
].239Q 

Ave. 1238.4 

Diff. 213 
Capacitance 12.6 mmfd.. 
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Ins. No. Â-54 

Ins. Out 1161.3 
1161.7 
1162.5 

Ave. 1161.8 
Ins. In 1141.6 

1141.3 
1140 5 

Ave. ,1141.1 

Diff. 20.7 

Capacitance 12.2 mmfi. 

Ins. 1o. Â-55 

Ins. Out 1162.0 
1161.3 
1161.7 

Ave. 1161.7 
Ins. In 1141.4 

1141.7 

1141.0 

Ave. 1141.3 
Diff. 20.4 

Capaoitance 12.0 rnmfd.. 

Ins. No. Â-56 

Ins. Out 1163.5 
1161.5 
1162.0 

Ave. 1162.3 
Ins. In 1141.7 

1141.5 
1141.5 

Ave. 1141.6 
Diff. 20.7 

Capacitanoe 12.2 mmfd.. 



Cajacitanoe Teet Data 

Lfle. o. A-57 

In&. Out 1160.8 
1160.3 
1160 8 

Ave. llbO.6 

Ins. In 1140.3 
1140.1 

1140.6 

Ave. 1140.4 
Diff. 20.2 

Capaoitanoe 11.9 

Ins. o. A-58 

lud. Out 1166.3 
1167.0 
1167.2 

Ave. 1166.6 

Ins. In 1146.0 
1144.9 
1145.8 

Ave. 114b.e 
Diff. 21.2 

Caacitanoe 12.5 mmfd.. 

Ins. No. A-59 

Ins. Out 1161.5 
1161.5 
1161.5 

Ave. 1161.5 

Ins. In 1140.4 
1140.6 
1140.9 

Ave. 1140.6 

Diff. 20.9 

Capacitance 12.3 rfd. 

mb. Â-60 

1118. Out 1166.5 
116617 
1166.3 

Ave. 1166.5 

Ins. In 114.7 
1145.3 
1145 O 

Ave. 1145.3 
Diff. 21.2 

Capaoitane 12.5 mmfd. 

Ins. No. 3-51 

Ins. Out 1161.5 
1161.3 
1161.7 

Ave. 1161.5 

Ins. In 1139.9 
1139.8 
1139.9 

Ave. 1139.9 

Diff. ¿1.6 

Caiaoitance 1.7 rnmfJ.. 

Inh. No, B-52 

In&. Out 1161.7 
1160.9 
1161.. 

Ave. 1161.3 
Ills. In 1139.0 

1139.0 
1139.9 

Ave. 1139.3 

Dif4'. 22.0 

Capaoltance 13.0nfc1. 

4lnsulator okeolced to determine if error had been rade in measuring 

the oapacitanoe. 
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Ca1acitanoe Tt Data 

Ins. iTo. B-53 

his. Out 1163.1 
116.1 
1163.5 

Ave. 11.2 
Ins. In 1141.5 

1141.5 
1141.0 

Ave. 1141.3 
Diff. 21.9 

Capacitance 12.9 mmfiì. 

Ins. Lo. D-54 

Ins. Out 116..5 
116.5 
116.7 

Ave. 1162.6 
Ins. In 1140.8 

1141.2 
1141.0 

Ave. 1141.0 
Diff. 21.6 

Capacitance 12.7 

Ins. 'o. B-55 

Ins. Out 1163.2 
1162.8 
1163.2 

Ave. 1163.1 
Ins. In 1141. 

1141 7 

1141.6 
Ave. 1141.5 

Diff. 21.6 
Capacitance 12.7 rnmfd. 

-.95- 

Ins. o.b-56 

Ins. Out 116d...8 

1 1 63 5 

1163.2 
Ave. 1163.1 

Ins. In 1141. 
1142.0 

1141.3 
Ave. 1141.5 

Diff. 21.6 
Captcitance 12.7 mrnft. 

Ins. Lp. B-57 

Ins. Out 1161.2 
1160 8 

1161.5 
Ave. 1161.2 

Ins. In 1139.5 
1139.0 
1139. 

Ave. 1139.2 
Diff. £4.0 

Cajacitance 13.0 nfd. 

Ins. iTo. B-50 

Ins. Out 1164,8 
1165.0 
1163.8 

Ave. 1164.5 
Ins. In 1142.2 

1 14 5 

114.4 
Ave, 1142.4 

Diff. 22.1 
Capacitance 13.0 mmfd.. 



Capacitance Teat Data 

ma. No. B-59 Ins. 1o. C-52 M 

ma. Out 1161.0 ma. Out 1178. 
1160.5 1178.5 
1160.6 1178.4 

Ave. 1160.7 Ave. 1178.4 
Iria. In 1139.1 ma. In 1155.0 

1139.3 1154.5 
1138.9 1155.0 

Ave. 1139.1 Ave. 1154.8 
AJJ I. f A 1L .L '1 

i)L1i. i 

Capacitance 12.7 mmfì. Capacitance 13.9 rf1. 

Ins. No. B-60 Ins. No. C-53 M 

Ins. Out 1160.0 Ins. Out 1177.2 
1161.0 1175.2 
1160.0 117.0 

Ave. 1160.3 Ave. 1176,1 
Ins. In 1130.0 Ins. In 1153.5 

1139.0 115.5 
1138.8 1152.6 

Ave. 1138.6 ive. 115.9 
Diff. 21.7 DIff. 23.2 

Capacitance 12.8 ninfd. Capacitance 13.7 mmfd. 

Ins, No. C-51 M Ins. No, C-54 M 

Ins. Cut 1175.0 Ins. Cut 1177.2 
1175.5 1177.0 
1173.5 1175.5 

1174.7 Ave, 1176.6 
Ins. In 1151.0 Iia, In 1152.6 

1151.0 1153.1 
1130.0 1152.2 

Ave. 1150.7 Ave. 1152.6 
Diff. 24.0 Diff. 24.0 

Capacitance 14.2 Chlflfd. Capacitance 14.2 nmfc1. 

M - Insulator with metal thinb1e. 
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Caìacitance Te5t Data 

Ins. No. C-55 M 1n8. No. C-58 i: 

Ins. Out 1177.0 Ins. Out 1177.0 

1178.0 1177.0 
1177.0 1177.3 

Ave. 1177.3 Ave. 1177.1 

Ins. In 1153.5 Ii. In 1153.5 

1152.0 1152.3 

11o3.0 1152.5 

Ave. 115.8 Ave. 1152.8 
Diff. 24.5 Diff. 24.3 

Caacitanoe 14.5 nnfd.. Caaoitanoe 14.3 f. 

mE. No. C-56 M mE. No. C-59 M 

Ins. Out 1176.2 Ins. Cut 1178.1 
1176.0 1176.5 
1175.0 1176.2 

Ave. 1175.9 Ave. 1176.9 

Ins. In 1152.5 Ins. In 1153.2 

1151.0 1152.5 
1152.6 1151.8 

Ave. 115.0 Ave. 1152.5 
Dif±'. .3.9 DIff. 24.4 

Cajaoitanoe 14.1 zanfd. Caacitanoe 14.4 nnfd. 

Ins. No. C-57 M Ins. No. C-60 M 

Ins. Out 1156.5 Ins. Out 1177.8 
1157.4 1179.0 
1156.7 1178.0 

Ave. 1156.9 Ave. 1178.3 
Ins. In 1153.2 Ins. In 1154.5 

1153.5 1154.0 
1153.5 115.5 

Ave. 115).4 Ave. 1154.3 
Diff. 23.5 Diff. .Ø 

Caraoltance 13.9 1Tf 6.. Caracitance 14.2 nrfd.. 

- Insulators with metal thimble. 
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Capacitance Tist Data 

In. No. D_51* 

1n8. Out 1165,5 
1165.5 
1165.3 

Ave. 1165.4 
Ins. In 1144,0 

1144.2 
1143.8 

Ave. 1144.0 

Diff. .1.4 

Capacitance 12.6 rmnfcl. 

Irle, No, D-52 

Iris. Out 1157.5 
1157.2 
1157.3 

.ve. 1157.3 

Ins, In 1137.6 

1138.2 
1137.5 

Ave. 1137.8 

Diff. 19.5 

Capacitance 11.5 rnn. 

Ins. N. D_53* 

I:.. Out 1159.5 
1158.0 
1156.0 

Ave. 1158. 

Ins. Iii 1137.5 
1137 .2 
113716 

.ve. 1137.4 

Diff. 20.8 

Capacitance 12.3 rnmfd. 

Ins. No. D-54 

Ins. Cat 1157.6 
1158.2 
1158.5 

Ave. 1158.1 

Ing. In 1138.5 
1138.2 
1138.2 

Ave, 1138.3 

Diff. 19.6 

Capacitance 11.7 rnrnf3.. 

Irs. No. D-55 

Ini. Cut 1160.5 
1160.7 
1160.5 

p n 
._ve. 

Iris. Ira 1139.9 

1140.1 
1140.2 

Ave. 1140.1 
Diff. 20.5 

Capacitance 12.1 nmfd. 

Ini. No. D-56 

Ins. Out 1158.7 
1156.9 
1150,6 

Ave, 1158.7 
Iris. In 1139.0 

1139.5 
1139.0 

Ave. 1139,2 
Diff. 19.5 

apaoitance 11.5 nmfd. 

*I5u1ator chec1ce to d.eterriirie if error baci been cze in measuring 
the capacitance. 
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Capacitance '!'cat Data 

1L2. Fo. D-57 

ma. Out 1159.0 
1159.2 

1159.3 

ma. In 1139.5 
1139.6 
1139.0 

Ave. 1139.4 
Diff. 19.8 

Caaoitance 11.7 xnmfd. 

Iis. Fo. D-58 

ma. Out.1159.1 
1158.2 

115816 
¿ve. 1158.6 

Ins. In 1138.0 
1138 3 

1137.8 
Ave. 1138.0 

ThDtr 
I 

Caaoitanoe 1Z,1 zrjfì. 

uiL. Fo. D-59 

Ins. Out 1162.5 
1161.2 
1161.8 

Ave. 1161.8 
Ins. In 1141.5 

1141 6 

1141.2 
Ave. 1141.4 

Diff. 20.4 
Capacitance 12.0 mrfc1. 

-99- 

Ins. Fo. D-60 

Ins. Out 1160.5 
1161.0 
1160.2 

Ave. 1160.6 
Ins. In 1139.7 

1140.0 
I 
L 

ive. 1139.9 

1'iZf LJ AV. 

CapacItance 12.2 xnmfd. 

Ins. No. E-51 

Ins. Out 1163.9 
1163.9 
1163.9 

Ave. 1163.9 
Ins. In 1144.6 

1 144 7 

1144.3 

Tn Ave. 1144.5 
Diff. 19.4 

Capacitance 11.4 mmfd. 

Ins. Fo. E-62 

Ins. Out 1158.5 
1158.6 
1158.0 

Ave. 1156.4 
Ins. In 1138.5 

1138.0 
1138 7 

Ave. 1158.4 
Diff. 

Caaoitanoe 11.8 rmnfd.. 



Caacitanoe Test Data 

lue. Np, s-53 

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 

0aaoitenoe 12.0 rmnfd, 

Ins, Wo, s-54 

Ins. Out 1159.9 
1160.2 
1160 .5 

Ave, 1160.2 

Ins. In 1140.8 

1140.2 
1140.0 

Ave. 1140.3 

Diff. 19.9 

Caça3itanoe 11.7 xrinfd. 

Ins. No. E_55* 

Ins. Out 1159.Z 

1158.8 
1159.5 

Ave. 1159.2 

Ins. In 1139.7 
ii;.o 
1139.9 

Ave. 1139.5 

Diff. 19.7 

Capacitance 11.6 rnmfd.. 

Ins. No, E-56 

Ins, Out 1158.9 
1158.9 
1158.9 

Ave. 1138,9 

Ins. In 1139.9 

1139.8 
1139.3 

Ave. 1139.6 
Diff. 19.3 

Capaoitanoe 11.4 rmnfd. 

Ins, No. E-67 

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 nmifd. 

Ins, No. E-58 

Ins. Out 1160,0 
1159,6 
1160.0 

Ave. 1159.9 
Ins, In 1140.2 

1140.0 
1140,0 

Ave, 1140.1 
Diff. 19.8 

Capacit.noe 11.7 mfd.. 

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

the capacitance. 
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Cepacitanoc Test Data 

Ins. ITo, i-59 

Iris. Out 1161.0 
1160.0 
1160.4 

Ave. 1160.5 
lira, In 1140.5 

1141.0 
1139.5 

Ave. 1140.3 
Diff. 20.2 

Capaoitanoe 11.9 mmfd.. 

Iris. No, P.-60 

Ins. Out 1159.2 
1159.5 
1157.5 

Ave. 1138.7 
Ins. In 1138.2 

1137.6 
1139 .0 

Ave. 1138.3 
Diff. 0.4 

Capaoitanoe 12.0 rzmfd. 

Ins. No, F-51 

Ins. Out 1157.6 
1158 5 
1158.2 

Ave. 1158.2 
Ins. In 1139.7 

1140.1 
1140.3 

Ave. 1140.0 
Dif4' 18 2 

Cajaoitanoe 10.7 nfd. 
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Ins. ITO. F-52 

lira. Out 1156.0 
1156 7 

1157.5 
A Lve. 

Ins. In 1138.9 
1138.8 
1139.0 

Ave. 1138.9 
Diff. 17.9 

Caaoitanoe 10.6 mmfd. 

Ins, Fo, F-53 

Ins. Out 1137.2 
1137.2 
1137.6 

Ave. 1137.3 
Ins, In 1138,5 

1138.7 
1138.8 

Ave. 1138,7 
Diff. 16.6 

Capacitance 11.0 mmfd.. 

Ins. ITo. F-54 

Ins. Out 1158.5 
1158.3 
1158.5 

Ave, 1158.4 
Iris. In 1140.0 

1139.4 
1140.4 

Ave. 1139.9 
Diff. 16.5 

Capacitance 10.9 mnfd.. 



Ins. Np, F-55 

Ins. Out 1157.6 
1157 8 
1158.3 

Ave. 1157.9 

Ins. In 1139.0 
1139.0 
1138.9 

AVE. 1139.3 
Diff. 18.6 

Caaoitanoe 11.0 iynfd. 

Ins. N.P-56 

his. Out 1158.6 
1157.9 

1158.6 
Ave. 1158.4 

Ins. In 1139,5 
1139.7 
1140.5 

Ave. 1139.9 
Diff. 18.5 

Capaoitanoe 10.9 xinfd.. 

Ins. No. F-57 

Ins. Out 1156.4 
1156.6 
1157.3 

Ave. 1156.8 
Ins. In 1138.8 

1138.0 
11.38.2 

Ave. 1138.3 

Diff. 18.5 

Caaoitanoe 10.9 rgnfd.. 

Caaoitanee Teet Data 
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mIne. ITQ. F-58 

Ins. Out 1137.4 
1136 O 
1136.5 

Ave. 1136.6 

Ins. In 1138.3 
1137,8 
1137.8 

Ave. 1138.0 

Diff. 18.6 

Caaoitanoe 11.0 mrifd.. 

Ins. No. F-59 

Ins. Out 1158.5 
1158.5 
1158 .5 

Ave. 1158.5 

Ins. In 1139.7 
1139.3 
1139.6 

Ave. 1139.5 
Diff. 19.0 

Capaoitaxioe 11.2 ninfì. 

Ins. No. P-60 

Ins. Out 1159.8 
1159.5 
1159.0 

Ave, 1159.4 
Ins. In 1140,8 

11.40 8 

1141.2 
Ave. 1140.9 

DiÍÍ. 18.5 
Capacitance 10.9 nnfcì. 
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Ca1ibr.tion Data For O6cillator* Pago 105 

Oscillator : '7avo Iter : Gslvanomcter : Wave Length :Frequency 
Conò.eiiser : Conò.en8er : Ieed1e : (eter6) : (Cycles per 
ettig : Setting : Deflection : : ecorì) 

100 1166.0 97 650 462,000 

95 1117,5 93 630 476,000 

90 1066.5 89 620 iO4,000 

85 1009.0 83 600 500,000 

80 949.5 77 582 515,000 

75 
. 896.0 75 565 532,OOC 

70 835.0 62 547 548,000 

65 782.0 55 530 567,000 

60 726.0 47 510 588,000 

55 670.0 36 490 612,000 

50 611.5 30 460 652,000 

45 557.5 24 440 682,000 

40 5Q4.0 19 420 715,000 

35 450.0 15 400 750,000 

30 400.0 10 - 373 604,000 

25 347.0 8 345 670,000 

20 300.0 5 320 938,000 

15 254.0 3 290 1,035,000 

10 206.0 2 265 1,113,CCO 

5 164.0 2 220 1,365,000 

0 151.0 2 200 1,500,000 

*xitthg Coil 1- inches av.y from the coil on the tave meter, and. 
so 1aced. that the axes coincide. Filament current 2.05 aneres. 



DIJ2NSIOI OF INStIATORS 

13 - 17 Kilovolt 

Number T T2 Number T1 T2 

A-11 0.500 0.725 B-l]. 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 0.540 
15 0.547 0.685 15 0.485 0.540 
16 0.563 0.720 16 0,500 0.585 
17 0.530 0.675 17 0.470 0.565 
18 0.570 0.740 18 0.510 0.590 
19 0.500 0.705 19 0.510 0.560 
20 0.590 0.727 20 0.530 0.570 

Average 0.537 0.711 Average 0.499 0.567 

c-11 0.564 0.676 D-li 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 0.532 0.670 17 0.860 0.769 
18 0.500 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 

E-11 0.625 0.535 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 0.522 16 0.525 0.585 
17 0.615 0.560 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 0,465 0.590 

Average 0.614 0.552 Averaje 0.474 0.592 

T1 Thioknese in iz2chea from Pin to Conthiotor Groove 
T2 ThiU]cnes9 in inohes from Pin to Tie Wire groove 
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DIISIOIS OF IIBULATORS 

45 - 55 Kilovolt 

Number T1 T2 Number T1 T2 

À-31 1.75 13.90 3-31 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 2.45 17.10 

36 1.85 14.00 36 2.50 17.10 
37 1.75 14.10 37 2.50 17.00 
38 1.75 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 2.90 14.30 35 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 2170 17.20 

Average 2.92 14.33 Average 2.80 17.20 

E-31 2.50 14.50 F-31 2.20 14.20 
32 2.55 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 2.20 14.10 
37 2.60 14.20 37 2.20 14.20 
38 2.55 14.30 38 2.15 14.20 
39 2.60 14.20 39 2.15 14.20 
40 2.55 14.40 40 2.25 14.20 

Average 2.58 14.30 Average 2.18 14.15 

T1 Thi1cieae in inohea from Pin to Conthiitor oove 
T2 Length in inohes of Tie Vire Groove 
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DIZIO OF INSULATORS 

66 1ovolt 

Nimber T1 T2 Nwnber T1 T2 

Â-51 2.50 15.0 B-5]. 3.00 19.0 

52 2.45 15.2 52 2.85 18.8 

53 2.55 15.1 53 2.85 19.0 

54 2.45 15.0 54 2.95 18.8 

55 2.50 15.5 55 2.95 19.1 

56 2.50 15.2 56 2.90 19.2 

57 2.65 15.2 57 2.80 19.0 

58 2.50 14.9 58 2.90 19.1 

59 2.40 14.9 59 2.90 19.1 

60 2.55 14.9 60 2.80 19.1 

Average 2.50 15.09 Average 2.89 19.02 

O-51 3.10 17.6 D-51 2.90 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 

55 2.95 17.5 55 3.10 L8.1 

56 2.95 17.5 56 2.90 17.9 

57 3.00 17.5 57 3.00 17.7 

58 2.80 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 .0O 18.8 F-51 3.15 17.3 
52 3.00 18.9 52 3.20 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 3.15 17.3 
56 2.95 19.0 56 3,10 17.3 
57 3.00 18.9 57 3.10 17.3 
58 2.95 19.2 58 3.15 17.5 
59 2.90 19.2 59 3.05 17.4 
60 3.10 16.8 60 3.15 17.3 

Average 2.99 18.92 Average 3.13 17.31 

T Th1s1teaa in inhe8 from Pin to Conduotor Groove 
T2 Length in inches of Tie Wire Groov. 
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Data Showing the 1.ffect of Filament Current 
On 

The Frequeney* 

Flla!rant : alvaiic!neter: V!ave I.ter: 7aVe Length; Frequency 
Current : Deflection : Conderaer : ______________ 

l.90(Arnps.) 0.5 

1.95 1.5 

2.00 10.0 

40.0 

69.0 

¿.20 84.0 

2.25 93.0 

2.30 97.0 

636 (I.eters) 472,000 

1136.5 638 470,000 

1143.0 640 468,000 

1145.0 641 467,500 

1146.0 642 467,OCO 

1151.0 643 466,500 

1155.0 644 466,000 

1156.5 645 465,000 

1157.1 646 464,500 

Pxoiting coil 1- inches from the coi]. thn the wave meter, ani so 

ilaoed that the axes ccincid.ed. 

Oscillator oondeiser settin-- 100 
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Data hoving the F!feot of Variable Coupling 
Between 

Oscillator and. Wave peter. * 

'1ave-Teter ; Distance ; Deflection ; Wave . z Frequency 
Condenser : Betv'een : Galvanometer: Length : Cycles per 
Setting : Coils : Need.le : (TtvE): QQfld 

1234.5 .Ocin. 95.0 665 452,000 

1207.0 .5 98.0 660 455,000 

1186.2 3.0 95.0 652 460,000 

1179.2 3.5 91.0 650 461,500 

1166.0 4.0 83.0 ,648 462,500 

1160.0 4.5 73.0 646 464,000 

1156.2 5.0 64.0 644 465,CO0 

1150.0 5.5 4:4.0 642 467,000 

1146.5 6.0 37.0 641 468,000 

1146.0 6.5 29.0 641 468,000 

1145.0 7.0 24.0 640.5 468,200 

1143.5 '75 20.0 64Q.0 468,500 

1143.0 6.0 16,0 
Calibration Curve 

1143. 8.5 13.0 
' fr Wave ?eter 

1142.1 9.0 9 .0 

Plotted. to too 
1141.5 9.5 6,0 

$mall a Scale 
1140.5 10.0 6.5 

1140.0 10,5 5110 639.5 468,900 

1139,3 11.0 4.0 

Same as Above. 
1138.0 11.5 3.5 

1138.0 12.0 3.0 639.0 469,000 
*Exciting coil moved. away form the coil on the ve meter in such 
a nenner that the axes of the coils always coincided. 
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A list of the articles referred. to will here be given. This 

la not, however, to be taken as a conlete list of nterial regard- 
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