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This report provides engineers and technicians with tools by 
which they can determine whether data is log-normally distri- 
buted, and if it is so distributed, provides a means by which 
they can best find the estimator of the mean and variance of 
the distribution. In providing these tools, the log-normal 
distribution was first analyzed and such expressions as those 
for moments and cumulative probabilities were derived. Esti- 
mation techniques are discussed, and a comparison of errors 

is graphically presented. 

Four time-sharing BASIC programs have been written, and 
these are discussed fully. The programs are used to: 
describe log-normal distributions, estimate the mean and 
variance of log-normally distributed data, and test data for log- 
normality, using a chi-squared goodness-of-fit test. 
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‘NGINGERING AND STATISTICAL PROBLEMS ASSOCTATED 

WITH THE INSPECTION OF MOLDS 

by 

George J. Hurwitz 

Army Chemical Center 

In the past the members of the Baltimore Section have been treated 

to talks by personnel from the Quality Assurance Division, Chemical Corps 

Materiel Command on the need for coordination between the statistician 

and the engineer and the benefits which can result from such a coordinated 

effort. The problem to be discussed aptly illustrates this team work 

which resulted in a substantial dollar and manpower saving, and the 

resolution of a difficult although very interesting problem. All of the 

statistics shown were prepared by Quality Assurance Division statisticians 

and will illustrate the F Test, "t" Test, Analysis of Variance and Wilcoxon 

Ranking Method. 

The problem involved the dimensional inspection of vacuum forming molds 

used in the fabrication of a certain type of gas mask. A vacuum forming 

mold. is a metallic device shaped in the form that will cure the rubber 

into the shape it will ultimately assume, Chemical Corps specifications 

require that the molds used by the fabricator be approved by the Chemical 

Corps prior to use. In addition, since the molds become Government property 

at termination of the contract, inspection is also required prior to 

placing in storage for subsequent use on mother contract. 

The usual procedure is to mount the mold on a flat Hates, Tule: oft 

lines 1/2" apart in both the horizontal and vertical directions and then 

determine the distance of the intersections from the base line. By this 

procedure approximately 500 individual points on the mold are determined 

and compared with the drawing. Set up time was approximately 7 hours and 

an equal time was required to make the measurements. Total cost in labor 

to inspect one mold was $42.00. Although the cost of the mola is not a 

factor since the mold can be used to produce a Large quantity of masks, it 

$s interesting to note that the cost of initial inspection was 21% of the 

cost of the mold, Since another inspection would be required at the end 

of the contract, it can be seen that the cost of mold inspection could 

become a sizeable sum, particularly as in this case about fifty molds were 

involved, The problem therefore was to determine what savings could be 

accomplished in inspection cost and still have sufficient information 

upon which to base a decision with respect to the followings 



INTRODUCTION TO WORK SAMPLING 

Stanley R. Kalin 

Chief Industrial Engineer 
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Odenton, Maryland 

The p, or percent defective chart is a device well known in the quality 

field for its ability to provide an estimate of percent defective in a run. 
It owes its utility to the basic statistical truth that a sample taken in 
a random manner from a universe will tend to reflect the characteristics 
of that universe. Ordinarily the characteristics are length, diameter, 
tensile strength or other quality features. But if we were to consider a 
universe consisting of all the minutes in the day of a production machine. 
at random minutes and noting if it were productive or idle, we should 
then be able to estimate how the day was divided into preductive and idle 

time. 

The eminent British Statistician L. H. C. Tippett first used this technique, 
which was later to become known as Ratio Delay Study, when he applied 

statistical sampling to the problem of predicting loom breakdown in a 
textile mill in England. (1) The first appearance in this country was in 
1940, (2) The term "work sampling" is currently used to describe an 

~ expanded concept in which the technique is used to gather facts not only 
about machines but about men as well. (3) 

As an example of how Work Sampling might apply to an actual case, let us 

assume Department X of our plant has submitted a request for an additional 

bench grinder on the ground that the one in the department cannot keep 
up with the amount of grinding to be done. To check this allegation we 
might elect to use work sampling techniques, in which case we would proceed 

as follows: Mark a piece of paper productive and idle, in two columns, 

and wander through department X at random intervals observing the grinder. 

If the grinder is operating when observed, place a tally mark in the 
Productive column, and if idle, place a tally mark in the idle column. 
Do this at random throughout the day, and repeat until somewhere between 
500 and 3000 observations are recorded. Take the number of tallies in 
the Idle column and divide by the total number of observations made. 
This fraction times 480, the number of minutes in an 8 hour working shift, 
gives the total minutes the grinder is idle per day on the average. If 

the amount of idle time is sufficient to care of the excess work load 
complained of, the new machine is probably not justified. 

Work Sampling is based on the binomial distribution. Confidence limits 
are easily computed by means of the following: 

CO = —_— = = 
n 
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eS Fo | Ceramics and silicones are making news q 
og 6 because they provide good electrical insula- 

= 6 tion at high temperatures (700° C, for 

5 instance). But other characteristics—forma- 

bility, weight, moisture resistance—make 
epoxy resins and polyurethane foams equally 
important. New techniques, such as transfer 

molding, permit substantial cost reductions 
in semiconductor components. Here are 
some of the latest advances in insulation 
materials and forming processes—with data 
for comparing them. 
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A High-Voltage Pulse Generator and Tests on an Improved 
Deflecting System of a Cold-Cathode Oscillograph | 

| Harold N. Cones 

An improved deflecting system for a cold-cathode oscillograph is described. This 
deflecting system reduces transit-time errors and eliminates errors due to impedance mismatch 
between the signal coaxial cable and the deflector. 

A high-voltage pulse generator for producing single pulses in the millimicrosecond 

1. Introduction 

The cathode-ray oscillograph (CRO) is an in- 
dispensable tool in high-voltage surge testing and 
research. However, the requirements of an oscil- 
lograph for his work are somewhat different from the 
requirements of the usual laboratory oscillograph. 
Sensitivity is not an important factor, as ample 
signal voltage is available. In fact, the available 
voltage is usually limited only by the flashover 
voltage of the fittings on the coaxial cable between 
the source of voltage to be measured and the oseil- 
lograph. 

High writing speed is essential, as it is necessary 
to record on film single transients of a few milli- 
microseconds duration. This high writing speed is 
attained by the use of high accelerating voltages for 
the electron beam, and in many cases by allowing the 
beam to impinge directly on the photographic emul- 
sion instead of photographing a trace on a fluorescent 
screen. 

Cold-cathode oscillographs of the type described 
by Ackermann [1]! are used in the Bureau’s high- 
voltage laboratory and are entirely adequate for 
ordinary surge work. 

However, with increasing interest in studies of 
steep-front voltage surges, the ability to faithfully 
record single transients of approximately 50-myusec 
duration is essential. A resolution of time intervals 
of the order of 1 mysec for the current and voltage 
records is highly desirable in making a detailed 
study of the mechanism of spark breakdown. 

To record such rapid transient variations, a very 
high writing speed. is necessary. Also, recording 
errors in the oscillograph, as well as those arising 
from its connections, which are not significant at 
lower recording speeds, become important and must 
be reduced or eliminated. Actually, a sufficiently 
high writing speed was insured by using Park’s 
method of beam intensification [2]. Therefore, the 
recording errors introduced by the oscillograph itself 
and the means adopted for their elimination form 
the basis of the present study. 

1 Figures in brackets indicate the literature references at the end of this paper. 

range was devised, and its use in testing the improved deflecting system is explained. " 

143 

2. Cathode-Ray Oscillograph Recording 
Errors : 

Two sources of error of the CRO are of concern 
when very short transients are to be recorded. One is 
the error due to the transit time of the electrons in 
passing from one end to the other of the deflecting 
plates. The other error is caused by impedance 
mismatch in connecting the deflecting-plate circuit 
to a coaxial cable. : 
A typical cold-cathode oscillograph uses an accel- 

erating voltage of 50 kv and has deflecting plates 3 em 
long. The velocity of 50-kv electrons is 1.2310" 
cm/sec, and the corresponding transit time is 2.44 
107° sec. The error arising from transit time wil] be 
5 percent at 600 Mc for a pure sine wave.” For a 
steeply rising pulse the error will be 5-percent for a 
pulse with a rise time of 2.4 musec.? Although, in 
general, for steep-front surge work, errors due to 
transit time can be neglected, pulses with rise times 
of this order occur and are important in studies of 
spark breakdown. 

The errors arising from impedance mismatch are 
more serious. ‘The capacitance of the deflecting 
plates in the typical cold-cathode oscillograph is 
about 15X10-¥ f, and the associated lead inductance © 
is about 2 or 3>107° h, giving rise to a resonance fre- 
quency of 200 to 300 Mc. Hence, for all but some- 
what lower frequencies, disturbing reflections will 
occur, giving rise to a voltage at the deflecting plates 
that may be quite different from the voltage at the 
input end of the cable. Furthermore, steeply rising © 
pulses will force the deflecting-plate system into 
oscillation. The modification of an oscillograph to 
reduce these errors and the testing of the modified 
oscillograph are now described. 

3. Redesign of Deflecting Plate System 

One method of reducing the above errors is to 
drastically reduce the size of the deflecting plates. 
The transit time can in this way be reduced by the 

2 See the appendix, which is a discussion by J..H. Park of transit-time errors. 
This discussion is an excerpt from an unpublished informa] communication. 

3 These values do not take into account the effect of fringing field at the ends of 
the plates. This increases the effective length of the plates and increases the 
error due to transit time. 
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General Installation. age Operation of Kenotron Tubes 

Installation 

MECHANICAL 

The handling of a kenotron in trans- 

portation and storage requires great care 
since the tube may be permanently damaged 

if subjected to shock. Each tube is sus- 

pended within its shipping carton so that 
it will not come in contact with the sides. 

of the carton during shipment. The tube 

should be stored in the carton and should 

be protected from moisture and extreme 

temperature changes. Furthermore, while 

the tube is being handled it should be 

kept in a vertical position with the cath- 

ode end down. Under no circumstances 

should crated tubes be soot on top of one 

another. 

The kenotron should be magia ioa in a 
vertical position with the cathode base — 
down. 

In installations where a4 nonrigid 

anode connection is used, reasonable flex- 

ibility must be provided to prevent plac- 

ing a strain on the cathode base. Since 

the bulb becomes hot during continuous op- 

eration, it should not come in contact 

with any metallic body, nor be subjected 
to the drops or spray of any liquid. 

| The accumulation of dust and metallic 

particles on the outer surface of the 

glass walls will increase the leakage over 

this surface. As this may result in tube 

failure from arc-over, periodic cleaning 

of these surfaces should be maintained. 

When a kenotron is. operated at volt- 

ages above {75 kv “peak inverse, harmful 

X-rays may be generated. Adequate protec- 

tion against these x-rays should be pro- 
vided. | 

COOLING 

Free circulation of cool air around 

the glass bulb should be maintained. High- 

temperature air from other apparatus 

should be prevented from circulating 

around the tubes. If, desired. the <tubes 

may be immersed in a tank of oil with the 

transformers. % 

*Note: The ratings and characteristics 

of a particular tube are given under Tech- 

nical Information on the Description and 

Rating Sheet for that tube. 

ELECTRICAL 

Filament power should be supplied 

from a filament lighting transformer insu- 

lated for the proper voltage. This trans- 

former should be provided with a secondary 

midtap for. the plate circuit return lead. 

The filament excitation supply must be 

provided with suitable resistors or other 
regulating devices to apply the power to 
the filament gradually and to adjust it 
accurately during operation. The filament 

voltage should be measured directly at the 

filament terminals. 

The high initial rush of current 

through the filament when the switch is 
first closed should be limited by the use 

of some form of filament starter. The 

proper use of the filament regulating de- 
vices will prevent this initial rush of 

current from destroying the filament. In’ 
any case, the current through the filament 

should never, even instantaneously, exceed | 

twice the *rated value. 

When the apparatus in which the tube 

is used is to be idle for periods not ex- 

ceeding two hours, voltage should be main- 
tained on the filament. However, if de- 

sired, provision may be made to reduce the 

filament voltage to approximately 80 per 
cent of the *rated value during "standbys." 
Where stand-by periods exceed two hours 
the filament voltage may be removed. 

The plate circuit should be provided 
with a time-delay relay which will prevent 

application of plate voltage until the 

filament has reached normal operating 

temperature. : 

Automatic protective devices should 

be installed to prevent over-plate-volt- 
age, over-plate-current, or under-fila- 

ment-v¥oltage conditions. 

In the case of multi-phase installa- 

tions, the plate transformer is usually 

designed for rectifier use. In the case 

of a double Y rectifier, the use of an in- 
ter-phase transformer is recommended. The 
cathode base should: not be connected to 

ground or to any other part of the cir- 

Cutts: eae 

The installation of all wires and. 

connections should be made so that they 

do not lie on or close to the glass of the 

- kenotron.e An air space of approximately 

the length of the tube should be main- 

= > 
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Some Fundamental Aspects of Recovery 

Voltages 

J. ZABORSZKY 
MEMBER AIEE 

Summary: Whether any load-interrupter 
switch successfully interrupts when called 
upon to do so depends solely upon how the 
recovery voltage builds up across the switch 
as a function of time in comparison with the 
build-up of dielectric strength between the 
switch contacts. This paper deals with re- 
covery voltages in a graphical manner, so 
that a visual concept of recovery voltage 
versus time across a switch is provided in 
both single- and 3-phase cases involving 
resistive loads, inductive loads, and capaci- 

tive loads. As a special case, the recovery 
voltage across a switch in a loop-sectionaliz- 

J. W. RITTENHOUSE 
FELLOW AIEE 

ing application is also treated in this paper. 

N RECENT DECADES electric load 

densities in the United States have been 

increasing at exceedingly high rates. 

This has gradually produced increased 

interest in the basic fundamentals relating 

to load interruption. 

It is the purpose of this paper to demon- 

strate some of the fundamental properties 

of recovery voltages in relation to differ- 

ent kinds of switching problems, with a 

view to demonstrating the differences in 

voltage conditions to which load-inter- 

rupter equipment might be subjected. 

The treatment will illustrate the well- 

known fact that the ability of a given 

commercial product to interrupt a flow 

of power is as much a-function of the 

circuit containing the switch as of the 

design of the switch itself. 

It is hoped that the simplified and se- 

quential approach presented here will 

serve as a stimulus for future extension of 

this review. 

Paper 62-244, recommended by the AIEE Switch- 
gear Committee and approved by the AIEE 

Technical Operations Department for presentation 
at the AIEE Winter General Meeting, New York, 
N. Y., January 28-February 2, 1962. Manuscript 
submitted August 1, 1961; made available for 

printing December 8, 1961. 

J. ZaporszKy is with Washington University, 
St. Louis, Mo., and J. W. RITTENHOUSE is with 

the Hi-Voltage Equipment Company, Cleveland, 

Ohio. 
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INSTRUCTIONS 

INSTALLATION AND OPERATION OF 

SO-LOW CHILLING CABINET 

MODEL NO. AD5Q0«) 

SERIAL NO. 6970199 

Model No. AD5O# So-Low low temperature chilling machine has an air cooled 

condenser. The unit should be located in a suitable location so that it receives 

good air circulation. Be sure elieze is good air circulation available. The 

condenser fan is situated so as to draw air through the condenser, and over the 

compressor. An increase in the operating time and cost All result if this air 

flow is restricted, as well as decreasing the efficiency of the refrigeration 

system. 

Model No. AD5O#F is wired for 480 Volts, i Phase, 60 Cycle operation. 

The system is powered by _ i HP motor, and the motor is thermally protected 

by a thermostatic overload protector within the terminal box, motor will auto- 

matically re-set. 
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Space Charge Phenomena in Liquid Dielectrics 

By D. W. GOQDWINt ~ 
Department of Physics, The University of Birmingham 

Communicated by K. A. Macfadyen; MS. received 19th August 1955 

Abstract. By means of the electro-optical Kerr effect, distortion by space charge 

of the uniform potential gradient between electrodes in purified chlorbenzene 

has been observed. Evidence is presented suggesting that the conduction - 

process occurs in filaments. The modified distribution of field strength is in 

qualitative agreement with a previous theory. 

§ 1. INTRODUCTION 

THEORY of electrical breakdown in liquid dielectrics (Goodwin and 

Macfadyen 1953) suggests that field distortion is produced in a liquid at 

high field strengths as a result of electron emission from the cathode and 

the movement of ions between the electrodes. One important prediction of this 

theory is that the cathode field strength becomes enhanced in comparison with 

the anode field strength as the applied field strength is increased to that value 

required to produce breakdown. It is the purpose of this paper to describe 

investigations into such an increase in cathode field strength and to compare its 

magnitude with the predicted value. ) 

Space charge effects in liquids have been observed previously (Dantscher 

1931, Vafiadis 1939) using the Kerr electro-optical effect under conditions of 

continuously applied fields. In the experiments to be described space-charge 

effects, resulting from the application of rectangular voltage pulses, have been 

revealed using the Kerr effect. The use of pulsed voltages has been shown 

previously to overcome experimental difficulties associated with liquids under 

high electric stress. 

§ 2. APPARATUS AND EXPERIMENTAL METHOD 

2.1. The Experimental Method 

The application of a strong electric field to an insulating liquid will make it 

doubly refracting. If now light, plane polarized in a direction at 45° to that of 

the electric field, passes through the liquid it will be elliptically polarized. The 

phase difference A between the two components is given by Kerr’s law 

Be hts (1) 
where / is the distance the light travels through a field of strength F; Bis known 

as Kerr’s constant. Transmission can then occur through an analyser crossed 

with the polarizer under zero field strength conditions. Differences in trans- 

mission across the gap can be correlated with space charge phenomena 

(Dillon 1930). The phase difference A can be measured with a Rayleigh 

‘compensator (Rayleigh 1902), a strip of photo-elastic material under cantilever 

+ Now at the Radar Research Establishment, Great Malvern, Worcs. 
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Porcelain for High 

Voltage Insulators 
In this paper the mechanical failure of 
porcelain is discussed with special refer- 
ence to 3 seldom recognized character- 
istics: the effect of the porcelain surface 
on the strength, the apparent anomalous 
distribution of individual mechanical test 
values, and the effect of time on mechanical 
strength. A method of evaluating the re- 
sult of these factors on electrical insulator 
performance is suggested. 

By — : 
D. H. ROWLAND 
ASSOCIATE AcI.E.E. 

Locke Insulator Corp., 

Tis CAN BE little argument as 
to what mechanical characteristics are desirable in 
high voltage insulators, but the factors which con- 
tribute to such characteristics are concealed, more 

oiten than not, by an extraordinary amount of 
sophistic data. Modern high voltage insulators on 

A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution, and scheduled for discussion. at the A.I.E.E. 
summer convention, Pasadena, Calif., June 22—26, 1936. Manuscript submitted 
March 25, 1936; released for publication April 23, 1936. 

10. For numbered references see list at end of paper. 

Baltimore, Md. 

the average have improved enormously in the past 
decade. This improvement has been brought about 
in most cases by expensive and tedious cut and try 
tests conducted on assembled insulators. The pro- 
cedure has been to assume that certain features of 
the completed units such as mechanical strength, 
ability to withstand immersion first in boiling water 
and then in ice water, imperviousness to moisture, 
and other qualities would insure insulators capable 
of standing up in service, which, after all, is the only 
real criterion of insulator worth. Finally specifica- 
tions such as the A.I.E.E. Standards No. 41 for the 
testing of high voltage insulators were evolved and 
it may here be stated, unequivocally, that insulators 
which will successfully pass these specifications will 
give an unusually good account of themselves in the 
field. However, just because 2 groups of insulators 
of different manufacture successfully pass a certain 
specification it cannot be assumed that their mainte- 
nance cost in the field will be the same. How will 
they stand up under mechanical shock such as the 
impact from stones or bullets? What effect will time 
under load have upon their life? What is the maxi- 
mum load that they will withstand? Is actual 
experience over a period of years the only way to find 
out? The purpose of this discussion is to provide 
engineers with a greater insight into some of the 
more recently investigated and rather peculiar 
mechanical characteristics of ceramic materials 
with the hope that an understanding of this work 
will help them to answer these questions and to 
point out that some of the characteristics which have 
been viewed with alarm by the uninitiated are really 
a true part of the whole scheme while other factors 
which have been unknown, or neglected, have been 
of major importance. A realization of this is bound 
to lead to still greater efficiency: of systems dependent 
on the insulating qualities of such materials. | 
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AC/DC kilovoltmeters 
(analog series) 
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___ laboratory precision . . . yet rugged enough for field service! 

ACCURACY GUARANTEED TO 0.5% DC AND 1.0% AC 

bo M Hipotronics AC/DC kilovoltmeters are precision instruments for laboratory | 
3 use — yet ruggedly designed and packaged for field and portable service : 

Calibrated with our standard, which is certified by the National Bureau of 

I Standards to have better than 0.1% accuracy on DC and better than 0.5% 
accuracy on AC 

as | MM Models to 200 KV are available from stock; other models with ratings to 

oe 1 megavolt are available on request 

High Potential Technology 

® 
ELIPOTRONIcCS 

_ ~~ HIPOTRONICS, INC. 
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BREAKER TYPE | | 

D.C. AMPLIFIER | ~ 

MODEL 14 | : 

An electronic amplifier to replace high sensitivity galvanometers. 
a 4 ‘ 

Foremost Manufacturer of Infra-Red Gas Analyzers 
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MANUFACTURERS OF SCIENTIFIC ELECTRONIC INSTRUMENTS 

| oe | STAMFORD, CONN. 



(a een ae 

SHIELD-KON" 
GROUNDING CONNECTORS 

AND ADAPTERS FOR 

SHIELDED AND 

COAXIAL CABLE 

New Tools Improve 

Reliability and Lower 

Costs of Installation 

ae, 

| 

| 
: 
| 
| 

| THOMAS & BETTS 



cm { eheie y ne ae 
— 



\ 4 = f & 6 eS Gy fae i 4ZFA A a” ‘ 
5 4 @i 44 1 / i fe f 

ff { 
’ 4 a if Lb 

g ‘S : ; f Cy | v 

/ 



SECTION 2 

ATALOG NO 
SUSPENSION 

él C 

TORS INSULA 

BALTIMORE, M INSULATO Bos 

oe) \ DEPARTMENT ° GENERAL ELECTRIC CO 



__GNVIAUVW 
‘aYOWLLIVa 

9
4
4
9
3
7
3
 
G
3
 1vuanag 

LINIWLUVddIG 
YOLVINSNI 

~ SN
OL
LY
NI
GW
OD
 

| 
—-

WO
VI

S 
©
 

YO
LV
TA
SN
I 

sn
g 

ON
Y 

HO
LI
MS
 

Y
O
L
I
A
T
A
S
 

|
 

mie 

G
N
V
 

AX
 

00
6 

NO
s 

IG
IS

 
IS

UI
AI

A 
34
S 

AM
OL
PL
-O
SO
L-
11
8 



VOLUME 24 JANUARY, 1936 NUMBER 1 

‘ 

PROCEEDINGS 

of 
GOhe IJInatitute of Radin 

Luginvers 

& 

Application Blank for Associate Membership on Page IX 



Da rr een ee 

VOLUME 23 APRIL, 1935 NUMBER 4 ; 

amsteg isk hee 

of 
The Jnatitute ie Radia 

‘Engineers 

A 
Tenth 

Annual Convention. 
Detroit, Michigan 

_ July 1, 2, and 3, 1935 

Application Blank for Associate Membership on Page XI 



F atigue of Metals in 
Engineering and Design 

By 

R. E. Peterson 

EDGAR MARBURG LECTURE 

1962 

PRESENTED BEFORE THE SIXTY-FIFTH ANNUAL MEETING 

OF THE AMERICAN SOCIETY FOR TESTING AND MATERIALS 

Published by the 

American Society for Testing and Materials 

1916 Race Street, Philadelphia 3, Pa. 

oe ARRAS eRe rE APTA A a Ree a ee. SE CS BAT SPEDE ARs ta 



ae eee 

ih 
) 

} 

Pr LUAL 

t 

ul 
GY 

il 

K@) 

‘tl 
(j, 
INO) 

f IN / 

NE (@) CTIFIER COMP RE 

z jin 

B
a
 

ee
 

me
 



t ! H 

652A 

OPERATING AND SERVIC 

TEST OSCILLATOR 

WceS9 dH 

PACKARD = bs = = a a0 

= 



i 
e) 

; 
5 

m 
P 

mv
 

‘ 
5
.
 

:
 

; 
. 

= 
« 

=
F
 

: 
ve

 

a
e
 

f 
;:

 
‘s
 

i 
a
 

t
h
é
 

7 
i
 

J 
: 

Ce
) 

Se
 

=
 

0
 

- 

O
f
 

ts
 

. 
; 

: Re
ac

t 
e
 

ol
 

> > , iy
 

r 

=
 

; ‘ 

n
z
 

4 
. 

“
 

a
 

. 
—*

 
: 

; 
a
r
 

3 
=
 

e
e
 

q 

ve
 

a
 

: 
? 

£7
 

ji
e 

~ 

4 
. 

fe
 

. 
- 





sa 
Beary a 
eae Ales 



= = re 

OPERATING MANUAL 

TRANSMITTER/EXCITER 
> ) 



CATALOG NO. 831-A | 

HpvDHADDHDD DOD DHE t 
| 

BALTIMORE, MARYLAND 



PI 
t
o
t
 

tr
en
 

m
a
n
e
r
a
 

i
 

at
e 

cp
ee
t 

on 

« 
S
e
 
e
a
 

Yet 
é 

f 

oe am 

eS 

ZASIVY 

S
R
E
 



Tene 

PLOTS Sha pre MERTEN AR RST 

I SRS EE TPA S 

ros 

SI Te 

Pa saad ee 

EEO 5 

THE TY-RAP SYSTEM OF RELIABILITY FOR CABLING AND HARNESSING 

no TeB 
: | _—— ae eas ENGINEERED 



fa 

SOLID-CORE PORCELAIN 

LINE POST INSULATORS. 



THE OHIO BRASS COMPANY 
BARBERTON DIVISION 

BARBERTON, OHIO, U.S. A. 

® 



\i 4 

THE INFLUENCE OF WATER RESISTIVITY AND 

PRECIPITATION RATH UPON 60-CYCLE 

WET FLASHOVER VOLTAGE 

ATEE Committee Report 

The Working Group on Rein Tests was appointed in January 

1957> for the purpose of studying problems associated with wet 

flashover and wet holding tests on high) voltage insulators such as 

are used on transmission and distribution lines. These problems 

are intimately concerned with the resistivity of the water used 201. 

the tests and the rate of precipitation with which it falls on the 

test specimen, In connection with the latter, re a euay of stdtable 

methods for applying the water to the test ned men may well be an 

area for investigation narticularly for use in wet flashover or 

holding tests on extra high voltage insulation. 

Present Furovean standards for wet testing specify a water 

 pesistivity of 10000 ohms per centimeter cube (3900 ohms ver inch 

cube) and a precipitation rate of 3 millimeters per minute (0,118 

inch per minute) while present American standards specify a water — 

resistivity of 7OQO ohms per inch cube and 4 precipitation rate of 

0.2 inch per minute. 

Wet flashover and wet holding voltages have been specified 
mm Ts : 1 , Pas Nee 5 4 | 
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for oractieally all classes of high yoltage equipment including | 
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This report was prepared by the Working Group on Rain Tests of 

the Subcommittee on Techniques for Dielectric fests, The 

personnel of this working group are: (C. J, Miller, IT ay Chairman, 

edge DVOP sd ey. He the Fiegal, B. E, Kingsbury, and D. L. White- 

head, The material for this paper was accumulated mostly in 19 38 

eo 191.0 by the General Electric Company, The Ohio Brass Company, 

and the Westinghouse Electric Corporation. | 
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Francis J. Cullen 

Industrial Statistician 

The National Plastic Products Company 
Odenton, Maryland 

I am going to discuss three broad phases of Industrial Statistics and 
illustrate with examples from one of our products, namely, saran monofilament, 
widely used for seat covers and outdoor furniture which presents unique 
quality problems not found in other products. The basic principles which 
I am about to discuss, however, apply to our product and to most any other 
product including the products developed in the office. 

The three broad phases under discussion: 

IL Basic Statistical Method 
II Methods of Process Control 

III Methods of Product Control 

My discussion shall certainly not include all the techniques in these 
fields, but I shall try to tie together and follow Statistical Quality 
Control-wise one product from inception to end use while using some 
statistical technique from each phase listed above. 

I repeat: My examples are all taken, naturally, from the Plastics 
industry but the basic principles apply whether we are dealing with nuts 
and bolts or office procedures. 

I Basic Statistical Method 

In Industrial Statistics basic statistical techniques are often 
used to define and measure patterns of variation. Statistics may 

j be defined as a "study in variation” and the statistician is often 
oi defined as an "expert in identifying and measuring patterns of 

variation." 

| Variation is the stuff from which statistics are manufactured. By 
| variation I refer to the inability of nature or man to produce 
| things exactly alike. They may be alike for all practical purposes 

but if measured finely enough a tendency will be observed for the 
measurements to concentrate about one value while at the same time 
there is a spread of the measurements in a definite pattern on 
each side of the point of concentration, 

Thus if we measure selected samples, plot the measurements, observe 
the pattern formed and compute a few statistics, we will find it 
much easier to analyze the data and draw proper conclusions. 
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——~" This paper is for presentation at the 4th Annual Reliability and Maintainability 
Conference, July 28 through 30, 1965 in Los Angeles. 

‘PROBABILISTIC LIFE CONSUMED ANALYSIS ON HIGH 

TEMPERATURE, HIGHLY STRESSED STRUCTURAL PARTS 

By 

G. W. Weber, Manager 
Reliability Applications 

Reliability & Design Methods Engineering 

Large Jet Engine Department 

General Electric Company 
Cincinnati 15, Ohio, 

April 9, 1965 

Introduction 

The reliability of complex equipment can be predicted, based on experience 

with similar. equipment and the ac iatpeted effects of changes in the design and 

ae aan details. Te uentiy oveneld equipment goals or requirements are 

established on the ae of such predictions and then euboreioned down to the 

part level to provide specific part or component reliability goals. In critical 

jet engine eran ees areas, the part probability of failure goals are 

frequently of the order of .001 to .0001 per 1000 hour life or overhaida period. 

Classical design approaches, which are based on factor of safety criteria, can- 

not translate these probability numbers into design decisions regarding dimensions, 

material properties, stresses, etc. because they are, of necessity, deterministic 
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FACE FACTS ON PRODUCT QUALITY DURING SAMPLE 

RUN, BEFORE PRODUCTION. 

FEATURES: 

1. USES RAW, UNSORTED INPUT DATA. 

2. PLOTS HISTOGRAM, CALCULATES REJECTS, SUGGESTS 

LIMITS. 

3. MANY GROUPS OF DATA MAY BE HANDLED IN SAME RUN, 

4. HANDLES SKEWED DATA WITH REASONABLE ACCURACY. 

LIMITATIONS: 
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VARIABILITY OF THE VARIABILITY 

Probability Plot Methods of Study 

Normal probability plotting has been extremely useful in the analysis of data 

of various: kinds particularily the non-normal distributions that one encounters 

in actual factory situations. The use of a probability plot of "contrasts" 

to analyze designed two level experiments by Daniell Suggested to us that the 

method might logicaliy be used in the analysis of process variability. We had 

always used either R or R to estimate the inherent (short time) process 

variability (capability) not only for process control purposes but for process 

analysis as well. Now it seemed that the range of two plotted on a suitable 

probability paper might improve our ability to study the variability of process 

variability. It was anticipated that this might provide advantages similar to 

these obtained by the use of normal probability paper in studying process 

variability. 

This investigation led to the use of "half-normal" probability paper and the 

delta plot (difference of two plotted on normal probability paper). To under- 

stand these two methods we need to recognize that the difference (keep the 

sign) between consecutive values from a normal distribution will also be a 

normal distribution. If the process is stable (in statistical control) the © 

expected peak or average of the distribution is zero, with half the values plus 
and half minus. Hence a plot on normal probability paper should plot aS a 

straight line. The variability of delta (difference of two) is related to the 
parent distribution variability as follows: 

“ar = <) e a 

or eos ss éi'7 OA 

Therefore it 1S a Simple matter to convert the estimated variability of delta 

to an estimate of the variability of the process (parent distribution). If the 

delta plot was.made from the difference of consecutive values in their order of 

production, then the estimated variability does not include the variability 

associated with process drifts or other time related effects, except as reflected 

in consecutive values. If the process under study is stable, both the proba- 

bility plot of the individual values and the delta plot should be straight lines 

and the results that we get from this analysis would agree quite well with 

the conventional X, 0 & R estimates, 

1. Cuthbert Daniel, "Use of Half Normal Plots in Interpreting Factorial Two- 

Level Experiments", “echnometrics Volume J Number 4& November 1959. 
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ATL RELIABILITY MEMO. 35 

- INTRODUCTION TO RELIABILITY 

yt .by | 

one, = oo. ATL Reliability 

Sipe” May 5, 1965. © 's 

‘1. Need for Relisbility 

_Bvery material Acie is pubsect to failure. Some things "hardly ever 

fail", such as bridges and alreraft. structures. But even these devices can - 

and sometimes. do > fail. Other devices fail "quite frequently", such as TV sets | 

and automobiles, . Still. other deyices fall between. these two extremes, such as 

power transformers and turbine generators. 

The fact. that all materiel devices. are subject to failure gives rise to the 

field of RELIABILITY. However, it is not simply. the existence of failures which 

| is responsible for the. inception. and ‘growth of reliability. Material failures 

! “have.. always” existed, but: "reliability" as a distinct. viata is ree new - 

| less than. 15: years old. BRO 

- Equipment. capabilities. and performance levels have. increased enormously in 

_ the past 15 years; but only at the. expense of a corresponding increase in equip- 
ment. compléxity levels. As complexity increases, the frequency of failure 

likewise. tends to, increase. Eventually, the point is reached where the equipment 

is “down for: repairs". most of the. time. . It was this situation which the Defense 

Department found in. the late. 1940" 8. That is, "failures". had become an obstacle 

to. further state-of-the-art advances. . 

Concurrently. with the. increase in failure frequency due to increased com- 

plexity, & an. increase. in. failure cost’ occurred with the advent of the missile age. 

A single part failure: ina. large rocket would destroy. several. million dollars 

worth: of: equipment. In. fact, reliability, can trace its origin to the German 

Vel rocket deyelopment. at Peenemunde ‘during World War II. 

| te is these. two factors = | | . | 

ost - which. are: primarily, responsible for. the. development oa — growth of 

reliability, as a distinct. technology, - | ; 



A Faper to pe rresented at tne SAL-ADoMni-ALAA Reliability ana Maintainability Wee ee 

Conference -. 1964 Tri- Ree Siar Conference - June 29 thru sail 1, fds in | 
sires cates D C, | . | 

a 
a 

Pe ae DM 64-49 | ee pee ages 
ae _ RELIABILITY ANALYSIS. AND PREDICTION FOR TURBOJET ENGINES, “ 

| "RESULTS : V8. NEEDS a oe 

* ¥ebraady- 7, (1964 oo 

: Revised? 

‘D.. D. Freberg and R. B. Spector | Ae 

“Reliability. Engineering Operation 
Large Jet Engine Toperen eat: 
General Electric: Company. 

Cincinnati 15. Seadeh a 

: The » Reliability Design Review : is an effective tool in ansinting designers 

4 towards achieving higher Levels of Reliability only i in the: Program, The Designer 

in. 1 the end is ‘aclely responsible for the Reliability achievement of his component, 

a 7 in tie context Reliability activities of the sort described i in this paper are. a service i Sas : 

‘to the , Desig g m ‘Engineer in achieving his goals, ‘Three Reliability prediction m Rechiguen: 

as | and typical examples of the achieved results of cach. are. described: ; 

; - Controle and accessories. Reliability Design F Review v practices fend 

results. of the 1959- 60. Era. | ti : ! : } 

* og a | Mechanization of the routine aepects of the Reliability Design R Review . ; 

"procedure, _ i | = : site sid | | aa 

| Be | Probabilistic approach to failure rate estimation of basic c engine : . . x _ 

% a structural parts. a 7 
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SIMULATION METHOD APPLIED TO RELIABILITY ANALYSIS OF TURBOIET ENGINE COMPONENTS OPERATING IN AIRLINE SERVICE ~ 

R.S. Dorsey and H.A. Truscott 
Aircraft Engine Group 

General Electric Company aie By | eek Evendale, Ohio oe spe ; Dial Comm 8*332-h205 a | pe ie z June 10, 1969 

ABSTRACT _ 

eee hee ac description of a computer program generated to assess the reliability 
| of a turbojet engine compressor disk is given. System Simulation and Monte Carlo techniques are methods used in the program. The effects and interactions 

of Airline maintenance policy and component and engine design parameters are investigated... Results and discussion of a sample problem ig given. | 
INTRODUCTION 

questions about the reliability of their components when they are exposed to airline service. Some of these questions are: | | 

; | What is the probability of component failure? 

When, in calendar time, will a failure occur? 

x What effect do factors such as frequency of inspection, inspection | |e 
capability, unscheduled engine removal rate, monthly utilization, | maintenance policy, etc. have on these answers? 

The designers must have new tools to generate meaningful answers to this set of complex questions. ‘The answers require several random and deterministic . variables. His normal stress /strain-load analysis technique is inadequate Lor complete answers. Simulation of the real-world process appears to be the approach most likely to achieve realistic answers. 

This report describes a computer program that Simulates the flow of components through an airline service operational system. Monte Carlo technique is used to simulate the. occurrence of the random events in the system and to obtain 

~1- 
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INTRODUCTION 

Wet 2 oer slo and wet hk aaa yy eats Beovide a necessary 
wed 

of many types of high voltage 

equipment used on transmission and distribution lines and in substations. The 

American petndard for. wet toate. ASA- “CUT. . -1943, was developed in order Ee es— 

tablish a ast a aw sra method for tests that could be performed in the ee 

laboratory vetotr Sree could 20 ‘related to Levels of seceptable performance , Bede: 

er aie a ManrABss ot i in the Field) Tt. was eee thet thts test enbody conditions watch ate ike eee : a a 
o ju | : “those encountered in the field but yet the test was to be one. ed Fire | LATA 
raha Shi niba: trvesi_othkae reasonable control 
a, 

Re: 
2 ‘ 

| 
aioe | sonable degree of reproducibility was paramount. | | ae ae 

The present American Standard has fulfilled these requirements and Daft 

#he practice of ica standard has established ee wet flabhover and with- ed, 

Gian voltages. 

Europe has similarly established a standard, each country apie ax | a 

slightly different variations. ALA these-ere-quitedifterent-from-the Amert— ae 

Gh ha pag cma lance hale The European standard specifies a water resistivity of Lo, 000 4 

7 ohms ber centimeter cube > (3930 ohms per inch cube) and a rate of precipitation | ee. 
lee. _ of three millimeters per minute (0.118 inches per minute) as contrasted to thee ; 

American standard which specifies a water resistivity of ce 000 ohms per inch 
| : : - eube and a rate of ee ea of 0.2 inches ets | | . 

| ors ee at a could be used both in Burope and in America. One ‘propose advanced by the - 

International | Electrotechnical Commission (rRe) has deen the: adoption « 
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: A CCRMPARON we ROPEAM AMD AMERY ca 
Wee PUASHOVER | —— ee 

"mms 

: ae Saeatarven ent wet.  withetent | teste rn tie &. necessary means to avaluate the age 
Leviton, Characteristics of many typee of high voltage equipment used on Srenemdegion, 
tet capes lines an@ in substations. The American Standard for wet tests, ASA- 
ngeeee Was developed in order to establish a general atendard method fox ‘tests. thet 

be performed in the laboratory and related to levels of acceptable performance. ae 
fie It wae intended that this test embody en environment similiar to that encoun —s_ 

Seok the field but yet the test wag to be one with reasonable control over. or Be base. 
: & \ Pengomabig segres of oT wes eee aout oe ae | 

esse aot flashover end vithotand ‘voltages. ey Gs: 

Leb estavliched a otandard, each ‘country having slightly different. ) 
— Gpecifies a water rosiativity ef 10,000 olme per conti= | 

Lok a: entre rate of signs cage phaProne wil Ligoturs per 

| lye eotablished 

shed een could i oe 
oxo nosey ' meeenaed. by the International Electrotechni+ : 

(ERC) hes been the adoption of. the present Garopann alee 5 Tn considers 
4s — at te Perso-ngeicni d to chi painted the j pares whoters | ; 

Fe ‘opean standa tad the American stants le A preliminary investigation, | 
zee = dard os eo bege~line, pres da comme ison of the effects of water 
a fiery Pore and vate or ameekidiation. - Taese pcre vere. , investigated one ata time, 4 
om . that a6) the Is¢ water resistivity yas used, but, _ ASA vate of Precipitation ima mite - ager 
“* (telned. ‘hen, the procedure vas reversed with the | @ rate of —— -_ we 3 
ay ABA water resistivity Wag mainteined. er a Og 

i Ae t. the present investigation, the ccabined effect ete oly ging : eae shetsts bese and 
rete of precipitation was measure , Suspension, pinetype, ‘tnd apparatus insulators. 

a Pert ae vad Seng b eeeeatiog. paper he . been — ‘but, : acacia still pomntne & need 

oo ee : a a ee os oe “ ° eto @. rst 

2 Or wtenteve evened 268 were followed the ania ie ‘thie ‘bientigaal 
=e © for the water: asnrmirgbohed and sate of precipitation. fhe teste, fer both Tee and : 
weiss fake AB peal we the Pein ie ca hous les — and b cancacdseaed heoiesire ce 

Pome Vartous voltage classes as wells as ‘different mien f gocmatertondiysite re Inet 
a were used. Suspension insulators were tested in. sneinan of 1, 3, 5s 65 7 i 23 
“ end 16 ‘undts using both conventional and fog~type units. One low beaten 

: iin: Litoulator @ sre: one high Mechta pine% type insulator were tested.” ‘Apparatus 4 

is meauechnt ex od the specimens which were investigated. Insulators. aesien 
3 ky, 5 dong end a - of both the bind ond Fag nd pos 



Baltimore, January 9, 1956. 

CC: Mr. C. H. Linder - NEW YORK 

fo Those Attending the 
High Voltage Conference. 

Gentlemen: 

At the November 22nd High Voltage Conference, I was asked to submit brief reports on the subjects of "Electrical Breakdown", "Withstand Tests", Altitude Derating Factors", "Leakage Distance" and "Clearance Distance", I am attaching copies of these reports, 

It is needless to Say none of these reports are complete; in an in- Clusive sense each could be made a very extensive paper in itself, What we have tried to do is to outline very briefly what I believe to be the major knowns and unknowns in the field. We have deliberately avoided a discussion of some of the conventional variables, such as the difference between I.E.C. and American test practices, and also the conventionalized withstand test levels which have been established by the various product sections of NEMA. | 
In the latter case we have attached to the report on "Withstand Values" a curve which shows the general trend in Standardized product withstand levels. The shaded areas of this curve indicate those zones where there is a difference between the withstand levels specified for - different types of product. In some cases there are probably very good reasons for these differences, and it was not my thought that you would use these meetings at this stage in their development to try to iron out such product variables. 

Very truly yours, 

7- 
, r - Engineering 
Locke Department. 

HAFrey/LP 
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Transactions Paper 
(Reviewed and Accepted for Publication) 

VOLTAGE GRADIENTS ON HIGH VOLTAGE TRANSMISSION LINES 

G. E. Adams 
Associate Member AIEF 
General Electric Co. 
Schenectady, N. Y. 

A paper recommended by the AIRE Commi 
and approved by the AIEE Committee o 
tion at the AIEE Winter General Meeting, New York, N, Y., January 31-Feb- ruary 4, 1955. Mamuscript submitted October 21, 1954; made available for printing November 10, 1954. 

ttee on Transmission and Distribution 
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‘METIFOR—A Statistical Method 
for Insulation Design of EHV Lines 
J.G. Anderson, Senior Member IEEE .L. O. Barthold, Senior Member IEEE 

Summary: Using sequential hourly weather data available on 
punched cards from the United States Weather Bureau, digital 
weather models of the future climate in the vicinity of a proposed 
transmission line can be constructed. These models permit statis- 
tical forecasts of line performance. Application of the technique 
to line insulation strength is demonstrated. Performance can 
be predicted on an over-all basis, or can be studied at specific 
times of the day, or during fog periods or thunderstorms: Opti- 
mizing routines are presented that optimize or permit balancing 

Paper 64-37, recommended by the IEEE Transmission and Distribu- 
tion Committee and approved by the IEEE Technical. Operations 
Committee for presentation at the IEEE Winter Power Meeting, 
New York, N. Y., February 2-7, 1964. Manuscript submitted 
November 6, 1963; made available for printing December 11, 1963. 

J. G. ANDERSON is with the General Electric Company in Pittsfield, 
Mass., and L. O. BARTHOLD is with the same company in Schenec- 
tady, N. Y. 

The authors gratefully acknowledge the contributions of their many 
associates whose research work, discussions, and direct assistance 

were of immense value. Of particular mention are the discussions 
and suggestions of H. C. S. Thom and G. J. Bulgarelli of the United . 

States Weather Bureau; G. K. Carter, P. M. Cabral, and M. §S. 
Dyrkacz for their programming of much of the work; D. D. Mac- 
Carthy and E. M. Hunter for their encouragement and guidance; 
A. F. Rohlfs, F. J. Turner, and J. R. Meador for the flashover data 

to make METIFOR a realistic program; and the many other co- 
workers who contributed in numerous ways. 

Marcx 1964 

of flashover characteristics, and forecast performance as a func- 
tion of line investment. 

The recent upsurge in the use of extra-high-voltage (EHV) 

transmission has brought with it several new. technical and 

economic attitudes. Both design philosophies and tech- 

niques have been reappraised in the light of the increased in- 

centives for cost control and the greater opportunities for 

precision afforded by recent progress in industry research. 

Any discussion of transmission-line design philosophy re- 

solves itself into the consideration of three arguments: (1) 

the electrical and meteorological environment to which the 

line will be subjected, (2) the criteria assigned to its operating 

performance, and (3) the intrinsic design dimensions proposed 

to fulfill the criteria established. 

While the discussion here is confined to electric systems, and 

more particularly to transmission lines themselves, the stated 

arguments are found to be inherent in practically any design 
problem. 

Design criteria may be further subdivided into cases where 

noncompliance .is catastrophic as opposed to those in which 

itisnot. A bridge must never collapse, but its pavement need 

Anderson, Barthold— METIFOR— Method for Insulation Design of EHV Lines ral 



FHV DC TRANSMISSION 

BY E. M. HUNTER, G. D. BREUER AND C. C. HERSKIND 

THE GENERAL ELECTRIC COMPANY 

Reprinted from TRANSMISSION & DISTRIBUTION, September, 1965 
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J. G. Anderson 
Member = AIEE Both of: 

| General. Electric Co. 
R. U. Giacomoni Pittsfield, Mass. 
Associate Member - ATEE ‘ | 

To be presented at the AIEE Middle Eastern District Meeting, 

Baltimore, Md. , May 19, ice 



American Gas and Electric Company 
~500-Kv Test Project 

Corona, Radio Influence, and Economics 

| on 

High Voltage Transmission Lines 

| and 

AG&E Co. 315-Kv System 

Reprint of | 
Six Technical Papers including discussions presented 

before the AIEE 1950-51 on the above subject 

oe 

Group Participating in the Project 

American Gas and Electric Service Corporation (Sponsor) 

Aluminum Company of America 

American Bridge Company 

Anaconda Wire and Cable Company 

General Cable Corporation 

General Electric Company 

Locke Insulator Corporation 

Ohio Brass Company 

Westinghouse Electric Corporation 

The Ailes Institute of Electrical Engineers 



Transactions Paper — 
(Reviewed and Accepted for Publication) 

THE CALCULATION OF THE RADIO INTERFERENCE LEVEL OF 
TRANSMISSION LINES CAUSED BY CORONA DISCHARGES 

G. E. Adams : 
Associate Member AIEE | 
General Electric Company 
Schenectady, N. Y. : 

A paper recommended by the AIEE Committee on Transmission and Dis- 
tribution and approved by the AIEE Committee on Technical Operations 
for presentation at the AIFE Winter General Meeting, New York, N. Bae 
January 30-February 3, 1956. Manuscript Submitted October 20, 1955; 
made available for printing December 20, 1955. 

Price: 40¢ To Members : : All Rights Reserve d by th e° ae 

80¢ ToN b American Institute of Electrical Engineers 
A reg api 33 West 39th Street, New York 18; N. Y. (5¢ per copy additional if Litho in USA first class mailing desired) | Be Ea cole erie: 

‘Paper No. 

56-222 
Discussion in Duplicate Due. February 15, 1956. 



GENERAL @@ ELECTRIC 
_ EUROPEAN TECHNOLOGY ~~ 

GENERAL ELECTRIC COMPANY REPORT 
CORPORATE RESEARCH. EUROPEAN OFFICE 

AND DEVELOPMENT 3 Lowenstrasse 29 

Ch 8001 Zurich,Switzerland 

For Cited References: Technical Information Exchange, Bldg. 5, Rm. 221, Schenectady, N. Y. @ Dial Comm 8-235-5068 

Peli February 21, 1972 

HIGH VOLTAGE TECHNOLOGY 

The 1972 International Symposium on High 

Voltage Technology will take place in Munich, 

W.Germany, on March 9-14, 1972. It is being 
organized by VDE (German Association of 
Electrical Engineers) and the IEEE Power 

Engineering Society. Scientific Chairman is 

Professor Hans Prinz of the High Voltage 

Institute, Technical University, Arcisstr.21, 

D-8 Munich 2, W.Germany. 

The conference program is outlined below and 

a list of the 93 papers to be presented is 

also given. These papers have been compiled 

in a conference volume which is now available 

at the Technical Information Exchange Office 

17."Automatic Calculation of Electric Fields" 

by N.FlatabdO et al., TU-Trondheim, Norway 

23. "Safety Hazards beneath High Voltage 

Lines" by E.T.B.Gross, M.H.Hesse, Rensselaer 
Polytechnic, Troy, NY, USA 

30. “Calculation of the Effectiveness of 

Shielding against Quasistatic Electric Fields" 

by G.Karady and N.Hylté6én, Hydro-Quebec,Canada 

36. “Potential Gradients on the Surface of 

Shielding Electrodes for Ultra-High Voltages" 
by J.Moeller et al., Messwandler-Bau GmbH, 
Bamberg, W.Germany 

eo, COrporate R&D, Bldg. 5, Room (221, -Ps0. Box 

43, Schenectady, NY. When ordering copies of 44. "Derivation of System Models Applying the 

any of the papers, please indicate exact Finite Element Method" by K.Reichert, BBC- 
titles and numbers of the papers as well as Baden, SWitzerland 

Piesiuuiber Of this report: 7297. 

52. "Computation of Electric Fields: Recent 
Developments and Practical Applications" 
by M.F.Scott et al., Reyrolle Parsons Ltd., 

Hebburn, UK 

59. "The Electric Field of Polycon Electrodes" 
Applied Science and Technology - Europe by H.Singer, TU, Munich, W.Germany 
Z4urich, Switzerland 

AMG/mb 67. "Calculation of Maximum Stress in Gas 
Insulated Bus-Bars" by T.Takuma et al., Central 

Research Institute of Electric Power Industry, 

Tokyo, Japan 

73. “Field Strength Effects in Two-Dielectric 
List of Papers to be Presented: Arrangements" by P.Weiss, TU, Munich,W.Germany 

A. The Calculation of Electric Fields in High 

81. "Contribution to Electric Field Measure- 

ment Technique by means of Probes" by J.Aubry 

et al., EBlectricite ge France, merase 

7 1. "Determination of Boundary Coordinates by 
Means of Finite-Difference Methods" by kK. 

Antolic, Micafil-Zurich, Switzerland 

9. "The Electromagnetic Wave of the High 
Voltage Impulse" by H.B&écker, TU-Stuttgart 86. "Electrical Field.in Long Rod-Rod Gaps 

by G.Baldo, M.Rea, Padova University, Italy 

CLASS 2 - FOR GENERAL ELECTRIC EMPLOYEES ONLY 
. Address special inquiries to A. M. Gurewitsch at the above Zurich Address, or Telephone 230095, cable GECATEL 

na Se As aD 
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Transactions Paper 
(Reviewed and Accepted for Publication) 

EFFECT OF BUNDILE-CONDUCTOR FIELD INFLUENCE __ . 
a Se AIS sy 
r MECE IVEDS 

ON EHV TRANSMISSION LINE DESIGN : a i 

JA N L 19 6 | 

i F 

R. W. Harmon PSV Sh, OOF pve eh: ey 
Member ALER Vasihe ieee 1 

The Ohio Brass Company 
Barberton, Ohio 

A paper recommended by the AIEE Transmission and Distribution Committee 

and approved by the AIEE Technical Operations Departinent for presenta- : 

tion at the AIEE Winter General Meeting, New York, N. Y., January 29- | 

February 3, 1961. Manuscript submitted August U, 1900; made available 
for printing December 2, 1960. 

Price: $ .50 To Members All Rights Reserved by the 

$1.00 To Nonmembers American Inst 
a ’ 33 West 39th 

(5¢ per copy additional if 
first class mailing desired) 

Discussion in Duplicate Due 

itute of Electrical Engineers 
Street, New York 18, N. Y. 
Litho in USA — 

February 17, 1961. 



a ff Transactions Peper 57-1077 

SUSPENSION INSULATOR FLASHOVER UNDER HIGH UCULSE VOLTA 

by B. &. Kingsbury 

Closure by B. z. Kngsbury 

The discussions which have been presented by Messrs. Concordia, Frite and Rohlis | 
exe greatly appreciated, 

it. Prite aske some questions which are beyond the scope of this Paper and will 
require further work and Stucy before their answers can be forthcoming. In those 
CaSeS where long counterpoise systems Ske tequired because of voor ground resistances, 
the advantaze of Scverai microseconds uelay in flashover for the shorter spaced 
insulators would provide definite protection in view of the long perioda before alley~ 
iation Of the stricken structure Can be effected, 

AS tir. Roehl fs points out, the correlation of this and the colpanion paper are 
g00G and the data should provide oeneSite fox transmission design. 
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4 Ee ean be evaluated under both standards. By using the ASA standard as the base _ 

: ‘the two standarde for any one particular voltage clase, and, also, whether or not the - 
trend of the panulte: using the IC method agrees with the base line as the tests pro- : . gress upward through the voltage classes. It is logical to consider that the reuubiing. 

ey | the American standard for most types of insulators, may not be coincidental for the [uc 
standards. It may not have the seme slope, and may not even have the same semblance of — 

pected true performance as obtainable with the particular test standard. ‘his average — 
. @arve would then be used to determine whether. or not « plausible comparison existe both 
. between the two standards and between the ratings and the Muropesan stendards. The mean 
ae of. a came enere can then ” : examined as | to ance wohy Arsaad fit the overall 
Ce accmioh bas cere 9 ialie Ca ene | shes : Ree aa a 

a © general. pattern as do the majority of others. This, then, might indicate one further 
point tobe gained from this investigation; i.e., that some geometrical shapes, while 
Ce desig 

cise and mey not. perform as “expected. 

Sit tthe reliability of ‘the wet test. is depiadiant upon ‘hee. ‘heen as een a variation . 
a a possible between the high and low values obtained, ‘upon which the average value is 
lf predicated, It was noted that the INC stwa@iimdc seemed to consistently yield results — 
Which were more erratic than those of the American standard. ‘This erratic ocitenanee. 

men. Date have been plotted so as to develop frequency distribution curves showing the 

By plotting ie: : iahever Nae versus. ‘dials nietinte, a  oaieebauian pas or ete ay 

| Jane, it can then be readily determined whether or not there exists a difference between A a3 e 

eurve of fleshover voltage versus arcing distance, while fairly linear as determined by — . ae 

 Ldnearity. In plotting these curves, only the mean of the average values of eimilar fess ioe 
specimens ig shown. ‘he average curve drawn through these pointe would depict the exe 

le sone Cases | it is cae ‘that eartate: een. of tdaulatone do not ie ihe: game | a : se - 

cae sbely meet existing ASA standards, vyeact in an ageravated manner to ‘dite oe 
ferent conditions. of test. That is, wy are: de a aac to ee nen * eon me  &§ 

| > exists not only from specimen to specimen, but. A160, from arc to are on the same 2 Bpeci~ —. 

cumulative percentage of teste as a function of the flashever voltage range. : e range et | 

. for each test has been expressed as a percentage based upon the average of the particular _ | 
| oi test BO that all of the data for each type of insulator can be consolidated and. plotted — 

| ae inouletors t ee 

: - SUSPENGTON RSUIATORS 

bet oe ‘Both conventional had sikchiew inaudatore vere. ae, so. ‘that the tek oe geom= 
me na. gould be determ: 

gether. Seagecsedns can be made, between me ‘two standards for the different — of a8 : 

ned. The flashover test values for conventional insulators ob- . ye 
_ famed with both the ASA and Isc test methods, when plotted against arcing distance, — 2 a a 
| Sppear to be linear. ‘he test values sliowm for the IC method have a greater variaotlity eee 
agen the ak yess but do not deviate by. more than 8. Sp from the Arerege ‘curve values. ae 

ae seinire those for the AGA test method. (Wig. 2). An average curve can be readily drawn — 

“ermined, then no ) valid correlation would seem to exist, 

: om X oo & re yt based upon the average flaeshover voltage for that specimen, end. 

a Function of the per cent ee : aed aiacniige test. method would, head 

Whe mann ‘eines of ‘the Ie ‘teat method. fer: fogetype insulators are generally higher i : 28 

“the means of the ASA data, and, in comparing specific I8c test date points with | 

SA: mean ‘curve, it is found that as much as a 24.36 difference exists. such large dif- — “ - 
: j indicete that more date should be obtained, end, at a ike’ differential is de- 

ge be . moses on individual tests for conventional insulators is shown by Fig. 3. The . a 
Aah the minimum ond maximum flashover voltage for each test specimen is ex- © =) 

then consolidated so that the frequency of occurrence. of tests ee be Ne : : E 
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PROGRESS REPORT OF AGING TESTS ON THE 20,000 1b. INSULATORS 

Author; | ke | 

at | | 
Distribution: 

ae, U.Plo 2 GM Boyd © me 
ES Wheeler R. Weller | : CD Croskey Product Engineer 
J Kaminski, Jr. 

BE Kingsbury 
RH Lester 

WB Lounsbury Approved: 
HM Williams 

Lester, Manager 
Ceramic Insulator Engineering 

INSULATOR DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
October 15, 1968 
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_ TECHNICAL REPORT NO. LK - 919 

REPORT OF TESTS ON CAST ALUMINUM SUSPENSION 
| | CAP BY ALCOA 

Author: 

R, Weller 

Product Engineer 

Approved: 

R. H, Lester, Manager 
Ceramic Insulator Engineering 

INSULATOR DEPARTMENT GENERAL ELECTRIC COMPANY 

Distribution: 

ES Wheeler © 

J Kaminski, Jr. 

J Kelenfy 
BE Kingsbury 

RH Lester 

~__AL Libby 
HM Williams 

BALTIMORE, MARYLAND 
January 29, 1969 



TECHNICAL REPORT LK-927 

AGING TESTS ON INSULATORS HAVING 

TWO COATS OF ADIPRENE 

Author: 

LL 7 | Distribution: 

bert ES Wheeler 

R. Weller WG Chiodi 
Product Engineer JA Hart 

BE Kingsbury 

RH Lester 

HM Williams 

Approved: 

R. H. Lester, Manager 

Ceramic Insulator Engineering 

INSULATOR DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
April 28, 1969 
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TECHNICAL REPORT NO. LK-917 

EVALUATION AND TESTS ON THE CATALOG 4058298 

FOG TYPE INSULATOR 

Author: 
Distribution; 

“Pe Wade ES Wheeler 

! J Kaminski, Jr. 

R. Weller J Kelenfy 

Product Engineer BE Kingsbury 

Ei: Lester 

AL Libby 

Approved: WB Lounsbury 
HM Williams 

Tike 
RNH. Lester, Manager 

Ceramic Insulator Engineering 

INSULATOR DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 

January 13, 1969 



TECHNICAL REPORT LK-CR 201 

HYDRAULIC TESTING OF NOs. 18290A - 40,000 lb. and 
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AUTHOR: 

Distribution: 
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C. D. Croskey JM Jesatko 

Manager-Ceramic Laboratory J Kaminski, Jr. 
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Manager-Engineering RF Worden 

CD Croskey (3) 
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Product Engineer 

Distribution: CD Croskey 
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J Kaminski 
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CH Matthews 

ES Wheeler 
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Product Engineer 
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ES Wheeler 
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Author: 
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R. Weller 

Product Engineer 

Distribution: 

Approved: 

Insulator Department Baltimore, Maryland 
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JM Jesatko 

J Kaminski 

BE Kingsbury 
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CH Matthews 
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Author: 
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R. Weller 

Product Engineer 

Approved: 
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Distribution: 
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CD Croskey 

JM Jesatko 

J Kaminski 
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CH Matthews 

ES Wheeler 
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STATUS OF RESEARCH ON STABILIZED GLAZED INSULATORS 
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Distribution: 

GM Boyd 

ES Wheeler 

BE Kingsbury 

RH Lester 
P, 

AL Libby -—~ 
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E. S, Wheeler _ Pare | : HM Williams 

Manager-Engineering 

Approved: 
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Author: 

/) Distribution: 

si ble ES Wheeler 

R. Weller CD Croskey 

Product Engineer » BE Kingsbury 

RH Lester 
AL Libb 

Approved: HM Williams 

Nai 
Lester, Manager 

Ceramic Insulator Engineering 

INSULATOR DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 

February 25, 1969 



TECHNICAL REPORT NO. LK-924 

DEVELOPMENT OF A PEARLITIC MALLEABLE IRON CAP FOR 30,000 LB. INSULATOR 

Author: 

Distribution: 

ES Wheeler 
“J Kelenfy 
BE Kingsbury 
RH Lester 

AL Libby 
HM Stickles 

Product Engineer 

Approval: 

» H. Lester, Manager 
Ceramic Insulator Engineering 

INSULATOR DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
) March 3, 1969 
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TECHNICAL REPORT LK- 930 

SOLID STATION POST INSULATORS 

Author: 

Distribution: 

NE Dillow 
GM Boyd 

JS Craig 
ES Wheeler 

GF Young 

HM Carmichael 

KW Cermak 

WG Chiodi 
RT Fleming 

| JA Hart 

. Hv Lester, Manager WF Hiel 
Ceramic Insulator Engineering J Kelenfy 

BE ‘Kingsbury 

RH Lester 

AL Libby=<==—— 

INSULATOR PRODUCTS DEPARTMENT GENERAL ELECTRIG COMPANY BALTIMORE, MARYLAND 

June 30, 1969 



TECHNICAL REPORT LK-CR 212 

FEASIBILITY STUDY --- CONDUCTIVE GLAZES 
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Author: 

Distribution: 

(4 

C. D. Croskey, Man GM Boyd 

Ceramic Laboratory TH Dressel, Jr. 

PB Horton 

JM Jesatko 

BE Kingsbury 
Approved: 3 RH Lester i 

__AL Libby / 
R Weller 

F HM Williams 

E. S. Wheeler 

Manager- Engineering 

INSULATOR PRODUCTS DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
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RECORD OF TESTS NO. 24242 

THERMAL ENDURANCE TESTS 

SU 

A. L. Libby | 

Product Engineer 

KD, 
R. Weller 

Product Engineer 

ze 

C. Bowen 

Baltimore Gas & Electric Co. 

ys H. Lester, Manager 

Ceramic Insulator Engineering 

INSULATOR DEPARTMENT 

ON > 

SPENSION INSULATORS 

FOR 
CONEMAUGH PROJECT 

GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
December 2, 1968 



Tietos (7-86) GENERAL CO ELECTRIG. 
| a INSULATOR PRODUCTS DEPARTMENT 9 lela ics hake 

BALTIMORE, MARYLAND 

| Nature of Tests: : | Material 
: RADIO INFLUENCE VOLTAGE AND CORONA OBSERVATION 

| AT 60HZ ON DUAL CONDUCTOR SPACERS Dual Conductor — 
| Refer to 7: | Test Req. No. | : em nate Sheet No, 24554 Le 

Copies | 

te 

Preformed Line Products Co, 

Dept. of Water & Power, City 

of Los Angeles | 

L. GENERAL 

The tests described below were performed in the High Voltage Laboratory, 

Insulator Products Department, General Electric Company on September 23, 1969 
on 500Kv-AC rated two-conductor spacers, 

IT, CUSTOMER AND SPECIFICATIONS 

These tests were made for the Preformed Line Products Company of Cleveland, 

Ohio, The tests were run to qualify conductor spacers for sale to The Department 

of Water and Power of the City of Los Angeles (abbreviated ''LADWAP" on occasion) 

and specification No. 7248, a ae os 

IIT, WITNESSES 

The following persons, other than laboratory personnel, were present during 

all tests: ome 

Mr, Tom Eistrat Department of Water and Power, 
| City of Los Angeles — 4 

Mr. Raymond J. Champa Preformed Line Products Company 7 
Mr, Mike Hathway | Preformed Line Products Company 

Mr, Jim Jung Preformed Line Products Company 

IV. MATERIAL 

The following material items were included in some or all of the tests 

performed: | | 

L. Alcoa ACSR Conductor, 2050 MCM 76/19 Stranding, 1.700 inches 
| outside diameter, with Alcan Aluminum fittings | 

2, Alcan All Aluminum Conductor, 2,500 MCm 91 strands, each 

O,1657 inches in diameter, total outside diameter 1,823 
inches with Alcan Aluminum fittings | 

3, Preformed Line Products Helical Spacer SU-MS-5462 (Dept. of 
Water & Power item #11-A) 7 

This report is the property of General Electric Company, and it may not be reproduced or | Signed AV__. | 

used in whole or in part for advertising, publicity, promotional, catalog or similar purposes 

without the written permission of General Electric Company in each instance. Approved 
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Manager- Engineering 
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Distribution: 
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J Kélenfty™~ Product Engineer 
BE Kingsbury 

RH Lester 

eA) 
“HM Williams — 

Mer, Manager 
Ceramic Insulator Engineering 

INSULATOR PRODUCTS DEPARTMENT GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
December 5, 1969 
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Author: 
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Product Engineer 

Approved: 

. H, Lester, Manager 

Ceramic Insulator Engineering 

INSULATOR PRODUCTS DEPARTMENT 

Distribution: 
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AL Libby 

HM Williams 
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DESIGN TESTS ON CATALOG NO. 208185 FOG TYPE INSULATOR 

Author: 
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R. Weller 
Product Engineer 

Approved:. 

S r, Manager 

Ceramic Insulator Engineering 

INSULATOR PRODUCTS DEPARTMENT 

_ Distribution: 

ES Wheeler 
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AL Libby 
HM Williams 

GENERAL ELECTRIC COMPANY BALTIMORE, MARYLAND 
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R. Weller 
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DESIGN TESTS ON THE CATALOG 305263 

FOG TYPE INSULATOR 

Distribution: 

AL Libby 

GENERAL ELECTRIC COMPANY 

ES Wheeler 

RT Fleming 

J Kelenfy 

BE Kingsbury 
RH Lester 

HM Williams 
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TECHNICAL REPORT LK-936 

THERMAL ENDURANCE TESTS 
ON 

SUSPENSION INSULATORS 
FOR 

PUBLIC SERVICE ELECTRIC AND GAS COMPANY 

OCTOBER 27, 1969 

Pah, libby, “Manager 
fiigh Voltage and Mechanical Laboratory 

INSULATOR PRODUCTS DEPARTMENT GENERAL ELECTRIC CO, BALTIMORE , MARYLAND 
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Fige 9-e Apparent Tower Surge Impedance 
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FACTORS AFFECTING THE LIGHTNING PERFORMANCE OF TRANSMIS: ON LINES 
ds tl Hagenguth ae : J. G. Anderson Fellow - AITEE : 

Member ~ ATER 

NITRODUCTION 

In recent years there have been an unexplained large number of outages on the 345 kv OVEC system. In a co-operative investigation several of the factors that may influence the outage rate have been investigated. The prin- cipal factors involved in the lightning performance problem are: 

Insulation , 
Configuration of line. 
Frequency of strokes to line, 
Frequency of oceurrence of current - amplitude 

~— front time 
| . ~ rate of rise Charge distribution in the leader channel and in the ground. Induced voltage. fe 

Ground resistance, 
Coupling effects, 

This paper will discuss the charge distribution and resulting induced volt- age, as well as a comparison method of calculating lightning performance, and will investigate available Statistics to explain the flashover performance, 

it is now believea (1) that the concept of the lightning stroke as a Simple generator (injecting a current into the line at the point struck) may be a drastic over-simplification for some lines, The stroke not only injects current into the stricken point, but also induces voltages into lines and towers by the electric and magnetic fields produced around the Stroty channel, Calculations of these voltage components have been made by Wagner\1 - Szpor (2) , and Razevig and Rozen- fed (3), ae experimental measurements of the electrostatic components were made by Akopian 4), in such caleulations the channel is generally assumed to be of constant charge density (or constant axial gradient) in order to facilitate solu- tion, and solutions are based on field equation calculations. 3 

However, for complex geometries and charge conditions, the use of the field equations becomes difficult because of the diversity of boundary conditions. A 

fects of other conductors or upward streamers from the groundwire. It also per- mits a study of the buildup of electric fields at the surface of the earth, the measurement of the charges concentrated at various regions of the stroke channel, and an evaluation of phase-conductor induced voltages, 

In Fig. 1, a model cloud 12' x 12' was Suspended six feet above a conducting ground plane, Since this is a 250:] model, it represents a cloud 1500 feet above the earth. Greater cloud height could not be obtained because of space limita- tions, but as long as the cloud is at a considerable distance from the transmission line, it is only the gradients produced near the line that are important, not the 
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NOTES ON RADIO INTERFERENCE 

Introductory Remarks: 

All forms of radio communications are based on the establishment and pro- 

pagation of electro-magnetic waves in space. These waves when properly 

controlled or modulated may be used to transmit signals, intelligence or 

entertainment. in a large variety of ways. The most familiar form is 

found in the present day commercial broadcasting of entertainment and 

news. in order to avail himself of these facilities the listener must 

provide himself with a suitable antenna for intercepting the electro- 

magnetic waves propagated by radio broadcasting stations. These waves 

cutting across the conducting antenna, induce feeble alternating volt~ 

ages in 4+ with reference to ground potential. These voltages, by moans 

of a suitable receiver, may be amplified, rectified and converted into 

eudible sound or other intelligible signals, according to the purpose in- 

tended. 

Since the antenna to some degree responds to all electro-magnetic waves 

which cut across it, the receiver mst have a ieans of selecting the one 

desired, and must be of sufficient sensitivity to respond adequately to 

the signal to be received, Because of the relatively small magnitude of 

the voltages induced in practical antennas, the receiver must be an ox- 

tromely sensitive device eapable of rosponding to almost infinitesimal 

voltago changes in tho antenna. Accordingly it will respond to all 

electro-magnetic disturbances which eut across the antenna and which 

have frequency components corresponding to that to which the recoiver is 

tuned. It is for this reason that the radio frequoney spectrum (rango 

of frequencics usoful for radio communication) is divided into channels 

by governmontal control and international agreoment. These channols are 

allocated with suitable power levels to broadcasting and other forms of 

commnication to prevent what would otherwise be a chaotic condition 

which would render radio communication impossible or at least unrcliable. 

It is unfortunate, but nevertheloss truc that a large varioty of un- 

wanted clectro-magnetic disturbances oither occur in naturo or are in- 

cidentally produced by many devices which have come to be nocessitics 

in the modern modo of living. Theso may interfere or mar the reception 

of the desired signals. Natural disturbances (usually reforred to as 

atmospheric static) of which lightning is tho most common varicty, are 

caused principally by clectrical discharges in tho atmosphore. Lightn- 

ing strokes produco and propagate clectro-magnotie disturbances having 

frequeney compononts throughout most of the useful radio spectrum. With 

tho established system of broadeasting thore is little that is now known 

that can be donc to climinato this souree of interferwneo cxcept to im- 

prove transmitting and receiving oquipment and attempt to impreve the 

stroneth of the dosired signal in relation to the unwanted ono. Other 

types or systoms of broadcasting, such as froquoncy modulation, now 

mainly confined to ultra high frequencies, practically eliminate natural 
static and much that is man made. Genoral accoptanco and change-over, 

if evor, to froquency modulation is still several yoars away on account 

of the tremendous investment wo have in amplitude modulation broadsast- 

ing stations and recoivers,. | 



METHODS OF MEASURING 
RADIO NOISE 
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A Report of the Joint Coordination Committee on 
pn Radio Reception of E.E.I.,. NEMA and R.M.A. 

La 

SUMMARY 

This report contains the recommendations of the Joint 
Coordination Committee on Radio Reception of E.E.L, 
NEMA and R.M.A., as to the nature, essential characteristics 
and performance of a meter for the measurement of radio 
noise. It further gives detailed descriptions of recommended 
practices in the use of the meter for measuring directly radio 
noise from low and high voltage apparatus, for making radio 
noise measurements along overhead lines, for determining 
broadcast field strengths, and for collecting data for the 
establishment of radio noise standards. 
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DEPARTMENT OF TRANSPORT 

we ) AIR SERVICES BRANCH 
\" TELECOMMUNICATIONS DIVISION 

ELECTRICAL INTERFERENCE TO TELEVISION 

Subjective tests to determine the degree of 

annoyance caused by interference from automobiles 

and electrical appliances to television viewers. 

OTTAWA, AUGUST Ist, 1952. 



TY and Badio Interference P ices, JW Seaman 

Problems = File P5702. Ga Goddard 

a ee ee | RL Macoy 

: fC Yose Tepper a8 aby eee eI OM: ae 

/ heitimore, August 24, 1994. 

BR. A. Preyi~ 

Om Auguet 17th I called on Mr. Jamee A. McCutchen of the BLA in Washington for 

the purpose of obtaining advice ‘and inf@rastion pee radio and TY in- 

terference problem. Mr. MeCutehen is recognized as am Gap eyt on thie subject, 

and this cali wae eimedc epecifieally teward setting up & oes ible program te 

make evaluation tests In the Locke laboratory. 
| | 

In addition to a long discuseton with Mr. MeCuteh@n;-2s-BL.Cn he @id mogt oF the 

talking, we also adjourned to his new noise laboratory which tw being © itted up 

near the REX offices and observed demonstrat nd Locked oper semples of in- 

suleters that were known to be nolay in opergetion : 

= ie 
my oe 

The following ie a List of answers by Mm 

Sadie nolee and TY noise are not compaq ins2. 
bardware on e string of insulators, guche@ two Ho. 16503's in suspension, 

> 

Orr eso”? a7 % ond 2 gece Cal$Se 

both Radio ond TY tater ference 

Cervesress gt ¥ atl Caodse T-v 

yn terferenc € ot /7 

hardware on & string of sus pons ton insulaters before noise will reault. This 

te in e clean atmosphere in 6 rural iocel ity. 
the. ae 

2) It takes from four to seven years to develop enough corrosion oa galvenised 

3) Samples of No. 165635 suspensions which ere known to be moley appeer to be 

hardly corroded at #11 except ror tightly adhering black apote anc blotches 

where hardware carte are in eontect with one another. Examples of this ere 

corpresion on the cotter bolt where 1¢ comea in contact with the clevis hole 

and on the eye bolt where it comes in eomtact. with the cotter bolt. Also on 

the bearing surface of the clevis MeCutehen thinks high frequency charging 

currents cause some sort of electro pleating on aijacent hardware serte te 

make the bleck corroded spots. 
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The Calculation of the Radio Interference 

Level of Transmission Lines Caused 

by Corona Discharges 

G. E. ADAMS 
ASSOCIATE MEMBER AIEE 

Synopsis: The mechanism by which the 
principal wave, which travels along the 

line and interferes with radio reception, is 

generated is expressed in mathematical 
terms and related to the currents which 
flow during laboratory tests of samples of 
conductor. These tests are described in 
detail. The generating functions so de- 
termined are used to calculate the electric 
and magnetic intensities of the interference 
field near the line. The statistical proper- 
ties, namely, the correlation function and 

the spectral density of the field intensities 
are employed to superimpose the effects of 
several line conductors. As an example, 
a comparison is given of the interference 
level of two lines equipped with the same 

conductor but one of horizontal and the 
other of vertical configuration. 

T THE present time, considerable 

interest in the radio interference 
level (RIL) of high-voltage transmission 

lines exists as evidenced by the numerous 

papers which have appeared recently on 

various phases of the subject such as test 

facilities and results, field experience, 

noise measurements, and announcements 

of future plans for study. 

The purpose of this paper is to present 
a method of calculation of the RIL of an 

actual transmission line from the results 

of laboratory tests on conductor samples 

and knowledge of the geometry of the 

‘Jine. Such a method of calculation is 

useful for many purposes including: 

1. Planning and interpreting the results 
of field tests. 

2. Evaluating the effect of the various 
line design constants on RIL. 

Paper 56-222, recommended by the AIEE Trans- 
mission and Distribution Committee and approved 

by the AIEE Committee on Technical Operations 

for presentation at the AIEE Winter General 

‘Meeting, New York, N. Y., January 30—February 

3, 1956. Manuscript submitted October 20, 1955; 

made available for printing December 20, 1955. 

G. E. Apams is with the General Electric Company, 

Schenectady, N. Y. 

The analysis is an application of a more complete . 
unpublished mathematical development by R. M. 

Lichtenstein, Rensselaer Polytechnical Institute 
Troy, N. Y.. The author also wishes’ to 

acknowledge the many helpful suggestions and 

comments made by S. B. Crary and C. Concordia 
and the preparation of the calculating machine 

programs used in this study by Mrs. M. A. Fuller, 

all of the General Electric Company, Schenectady, 
DN.Y. 

3. Comparing different line configurations 
as to RIL. 

4. Calculating the absolute RIL of a pro- 

posed line. 

Many studies of radio interference have 

been made. However, these have con- 

sisted almost entirely of test programs, the 

results of which have usually been very 

difficult to interpret. Thus, an analysis 

such as is outlined here becomes a prac- 

tical necessity. 

The corona which is distributed along 

the line on the surface of the conductor 

has been considered to be the source of the 

radio interference. This conductor co- 

rona is influenced by many variables in 

addition to the line geometry such as 

conductor surface condition, precipitation, 

temperature, humidity, etc. Since the 

effect of these additional variables cannot 

be determined by analytical methods, the 

calculation procedure must be based upon 

the results of experiments or tests. These 

tests should be performed under labora- 

tory conditions so that accurate control 

of the variables (particularly weather) can 

be obtained. 

Nomenclature 

E=electric intensity, volts per meter 
H=magnetic intensity, ampere-turns per 

meter 

J=current density, amperes per square 
meter 

V2=02/(0x?) +02/(dy2) +0?/(0z?) Laplacian 
operator 

@(") =scalar potential function, volts 
x, Y, 2=rectangular co-ordinates, meters 

h=conductor height above ground, meters 
R=conductor radius, meters 
V =i0/0x+j 0/Oy+k 0/dz, nabla operator 
t=time in seconds 
c=3X108 meters per second=velocity of 

light in free space 

i, j, k=unit vectors in x, y, and 2 directions 
respectively 

grad @=i 0¢/0x+j 0¢/0y+k 0¢/02 = gra- 
dient, volts per meter 

foo =4a X1077=permeability of free space, 
henrys per meter 

€)=1/(367) X10-9=permittivity of free 
space, farads per meter 

M=number of sections into which line is 
divided 

/=length of one section of line in meters 
R(r) =correlation function 

SD =spectral density 
i,=current which flows in external circuit 

when sample of conductor is placed 

in test cage, amperes 

U, =field factor 
k=test cage current spectral density factor 
Y=scalar potential of charge cloud in test 

cage, volts 
p =charge density, coulombs per cubic meter 

b=test cage radius in meters 
<> =mean (with respect to time) value of 

Corona Discharges 

A strong electric field exists in the region 

adjacent to the transmission-line conductor 

during normal operation. This electric 

field varies periodically with time in the 

same manner as the applied voltage. 

Since the frequency of the applied 

voltage is relatively low, the distribution 

of the electric field can be calculated by 

the methods employed when studying 

electrostatic fields. 
The characteristic of the electric field of 

primary interest is the spatial distribution 

of electric intensity near the conductor. 

The electric intensity is a vector quantity 

having both magnitude and direction. 

The magnitude will be called the ‘voltage 

gradient” and the direction is along a flux 

line drawn through the point in question. 

If the voltage gradient is plotted as a 

function of distance along a particular 

flux line, it is found that the gradient 

attains its maximum value at the con- 

ductor surface. Moreover, the surface 

gradient depends upon the geometry of 

the conductor surface near the point in 

question and, in fact, is greatly intensified 

by the presence of sharp projections or 

irregularities on the surface.* 

If a free electron is present near the 

conductor, it will be accelerated by the 

electric field and move either toward or 

away from the conductor, depending upon 

the direction of the field near the conduc- 

tor. Ifthe gradient along the path taken 

by the electron is great enough, the elec- 

tron will ionize an air molecule by colli- 

sion, thereby creating both a positive ion 

and another free electron. A separation 

of charge results since the electron is 

accelerated in a direction opposite to that 

of the positive ion by the electric field. 

Both free electrons can be accelerated 

further and create additional electrons by 

collision. In this manner, an electron 

avalanche is formed. 

This movement of charge, both positive 

and negative, constitutes an electric 

current. This electric current flows in 

the space near the conductor and can be 

characterized by the current density? 

J(x,y,2,). If the axis of the conductor is 

taken to be along the z axis of the co- 

ordinate system employed, the x and ¥ 
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of the proper magnitude, breakdown would occur and act as a small transmitter 

a ee) 

< * 

/ 

Paul Schratter 

Baltimore, June 13, 1956. 

J. W. Taulman (3) ae 

Dallas. 

In response to your request, I am writing a summary of our television inter- 

ference investigation conducted in the High Voltage Laboratory. 

During 1955 we received a few reports from the field that in isolated cases AY 

it was believed that suspension insulators were the source of television in- ee 9 

terference. The Engineering Section requested that our field representatives 

obtain a string of suspension insulators which had been established as the Or oe 

probable source of television interference. "apes — 

In the meantime, the High Voltage Laboratory initiated a project to develop 

a technique for creating recording, and measuring television interference. | CR 

This course of action was necessary since television interference, unlike , b 

radio interference, is relatively new, no standards of measurement have been a 

developed, no levels established nor have the techniques of recording tele- | 

vision interference been standardized. 

Our engineers recognized that it was theoreticdly possible for suspension 

insulators to generate television interference. It was thought that the 

the principal source of such interference would be in the connecting elements 

between units, which, in the case of ball and socket type insulators, would 

be between the ball of one unit and the socket of the next lower unit. This 

condition could exist when a film of corrosion would form between mating sur- 

faces serving as insulation between them. When this film was sufficiently 

stressed electrically, and when the constants of the associated circuits were 

in the very high frequency band, It was not expected that this condition 

could exist when there was any appreciable load on the insulators which 

would provide a reasonable pressure contact. — 

The technique of developing television interference on suspension insulators 

basically was accomplished by inserting a thin sheet of paper between thee oe 

ball and socket connections of two insulators, 9tressing the insulators be" a 

trically sufficient to cause breakdown of the paper, showed a very defin® 

interference pattern on the television screen. This pattern is essentt oe 

the same as electrical breakdowns similar in nature which have been re@  ? 
A 

and publicized in the past. These would include interference of the & 

produced by the spark plugs of an automobile. 3 

On the picture screen, interference consists of numerous short-black ft 

chasing across the screen,of narrow band width which would Slowly moj 

vertically on the television screen. As the intensity of breakdown 

ereased by raising the voltage, the number of pulses in the St 

It was observed that the first interference rec on 
rq bil Wal r aE. 

screen consisted of a single narrow os 
down of the negative half cycle of OY FY" 
te: aes % 1s. + 
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ia Mr. R. O. Lanoue 

/. | °° PITTSBURGH 

a: Ralph, please accept my deepest apologies regarding the long delay in providing 
ee | you with some dope on the television interference (TVI) problem. Ian take 
e eredit for two months of the delay, anyway, as your letter became mislaid upon 
. a reaching my desk. 

Ralph, what I plan to do is give you a brief run-down of what I know on the 
Subject in general and relate some of the very meager test findings which we 
have, and also lend to you several booklets which, themselves, may throw wore 
light on the subject. 

Our initial contact with the problem was in 1955, regarding 69 KV circuits 
employing suspension units in the Florida Light and Power System. Their 
problem seemed to be quite severe, periodically, That is, after a damp, foggy 
day followed by a day or so of very hot, and relatively dry weather, TVI would 
become a problem in certain areas. Mr. H. A. Frey discussed the general problem 
with them and they agreed to send us a string of insulators believed to be the 
cause in order that we might perform laboratory investigations. 

In the meantime, Mr. L. J. Stevens and myself went to see a quite qualified expert 
in the techniques of measuring and deciphering the TVI field (Mr. James McCutcheon, 
REA). He filled us in on some of his work and field analysis of the problem and 
gave us a start in the right direction, so that we might better cope with the 
above mentioned insulators upon their receipt. 

It was at his. suggestion that we obtained a standard television set of relatively 
low quality (one containing no filters other than those required in receiver's 
line cord and related circuits), so that any possible outside disturbances would 
be discernible on the screen of the set. This TV set is set up in the standard 
manner to watch any program - an antenna was mounted on the roof with leads 
brought into the set. In addition a testprobe antenna (several different sizes 

a according to frequency range desired) was added to the receiving circuit and 
_  * placed in parallel with the outside antenna. Thus we have a “measuring” system 
eae in which we can at least obtain qualitative data which is of some value for 
Bile comparison purposes. Our set-up is as shown on the attached photograph. In 

aa the foreground is the TV receiver and in the background is the insulator string 
under test, and to its left is the test-probe antenna (which is merely a loop of 
wire). In order to obtain more realistic conditions of operation, an alternator 
was placed in the main antenna circuit, so that, in effect, we could cut down the. 
incoming signal and simulate a quite distant TV station. 

ar To digress a bit, let's examine some of the mechanisms which must be available to : 
ae, provide TVI. To date, I have seen no literature which indicates in any way that aaa in corona, as such, can cause TVI. Therefore, that leaves only the spark, which 
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THE USE OF ALUMINUM ALLOY AND HIGH STRENGTH 

LOW ALLOY STEEL FOR POLE LINE HARDWARE 
a 

John L, Eberly 

INTRODU CTION 

In recent years there have been vast improvements in the chemical 

treatments applied to wooden utility poles and cross arms and, as a result, 

there has been a substantial increase in the service life of these poles and arms. 

Consequently it has been necessary to supplement the ordinary galvanized steel 

pole line hardware with materials which are more resistant to corrosion, Depend- 

ing upon the severity of the corrosion problem as well as the longevity required 

for the hardware, it has been found that this problem can be solved by using both 

aluminum alloy and high strength - low alloy steel as a material, Both of these 

materials are being used successfully and this paper will discuss both solutions 

to the problem in two separate parts, 

PART I - ALUMINUM ALLOY POLE LINE HARDWARE 

REASONS FOR SELECTION OF ALUMINUM ALLOYS 

The need for aluminum alloy hardware has been prompted particularly 

in areas where there is a severe atmospheric corrosion situation which has caused 

galvanized hardware to fail prematurely, These areas can be placed in three cate- 

gories; namely, heavy industrial, seacoast, and chemically contaminated, Alumi- 

num alloys also will perform well in locations where erosion is the problem, This 

situation is normally encountered along seacoast areas where the wind blows sand 

and particles continuously to the point where any protective material is completely 

removed on the windward side, There are also many areas inland, especially in 

some of the plains states, where winds sweeping over unobstructed prairies cause 

this same situation, There are also locations where maintenance is extremely 

costly due to the inaccessibility of the hardware, 

EASONS FOR ALUMINUM ALLOYS RESISTANCE TO ATMOSPHERIC CORROSION 

REASONS FOR ALUMINUM ALLOYS RESISTANYS eee 

The superior resistance of aluminum alloys to atmospheric corrosion 

is due primarily to an inherent characteristic of aluminum; namely, the fact that 

aluminum has a natural affinity for oxygen. When aluminum is exposed to the at- 

mosphere,a coating of aluminum oxide begins to form on the surface and normally 

the coating will attain a depth of approximately 50 angstrom units or one fifth of a 

| Se ee ee aan 

Note: Figures in parentheses indicate number of reference which will be found 

at end of paper, 
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CONCLUSION 

After 10 cycles, there was a loss of 35% in 
T.S. and 33% in Y.S. Approximately one-third | 
of this loss is attributed to the effect of con- 
crete and two-thirds due to the temperature of 
the autoclave. Percent elongation does not 
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Loss in mechanical properties by affects of 
concrete occurs during the first curing cycle, 
and is due to reduction in area and pitting 
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PHeLORR OE pearane Stesh have evaiuated its corrosion 
TECHNICAL SERVICE DIV. PITTSFIELD 

ae ee PW Data Bureau | 26 

corrosion rate than a Similar steel w 
addition. = 

ee Chemical treatments on aluminum have shown that 
after two years exnosure, the Alodine(hot dry)process is 
equivalent to chromic or sulfuric acid anodizing. 
3 Speculum electroplateSon copper or brass base have 
good corroSion resistant properties. On steel it does not 
Show up so well, as 

4. e same thickness of tin on a steel base deposited 
either from a fluoborate bath or a stannate both shows 
a different corrosion rate. 3 | 
Oo. ‘The many proprietary processes for putting a chemi- 

cal film on zine electroplate(Cronak:, Ebonal Z, Iridite, 
etc.) have proved of doubtful value. . 

6, Indium diffused into various metal electroplates on 
a steel base accelerates the corroSion rate rather than 
lowers it. 

_ t Zine alloys (Zn-Cu-Be) have not exposed long enough 
to evaluate them properly. 

out the copper 

By cutting out this rectangle and folding on the center line, the above information can be fitted 

into a standard card file. 
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CORROSION AS Iv AFFECTS INSULATOR AND CONDUCTOR HARDWARE 
BY A. W. BARDEEN AND J. M. SHRADEL 

DISCUSSION BY H i. J. SANDWICK (THE BREWER-TITCHENER CORPORATION, / | CORTLAND, NEW YORK) | 
The material in thie paper ie of interest particularly Qt this 

tine, when the problem of Corrosion of insulator com mponeats and conductor hardware has become the aubjeet of inoreas ing concern on the part of 
Utilities Rpaaeting seanentasion lines in isolated sea coast or indus 
trislz areas. 

| 
We, at the Sieeiinlanciihiliaaiis Corporation, &8 producers of forged 

steel and non-ferrous tranamission materials diacussed in this. paper, are quite naturally concerned with this corrosion problem, 
There is little to he added to the first part of the paper dealing : with the causes, the variables, the classes, and the effects of corrosion, 

SUSPENSION INSULATOR COMPONENT Parts 
C
R
 

A few ‘utilities, & part of whose linea operate under severe corrosion conditions, cxpress 4 preference for malleable iron versus forged steel Suspension insulator Caps. A major portion of suspension insulator manu. facturera use forged steel caps beceuse of their inherent Brester strength | and dimensional fidelity. From a corrosion standpoint, it would seem thet too much emphasig is being placed on the cap material. Both the sap and stud are subject. to corrosion. The critical cross section of the forged sap is approximately five tines that of the wies} ball pin. Astual 
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Technical Report No. LK-187-CR 

SUBJECT: 

ACCELERATED CORROSION TEST 

FOR SUSPENSION INSULATOR BALL BOLTS 

P. B. Horton 

This report contains; 

Les. 4 typewritten pages 

ue | 4 pages of photographs 

eg Baltimore, Maryland 
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SUBJECT: Catastrophic Damage 
To Chipping 

Messrs. R. Weller 

J. Kaminski 

comm 
8* 272-9 

ES Wheeler 

HA Frey 

AJ Pezdek 

COPTES' 

Due 

I refer you to Test Report No. 23101 in which we reported the potential 
catastrophic damage that may result from chipping the inner petticoats 
of the NGK 20,000 lb. suspension insulator (NGK 557MG-20). Similar 
tests have also been performed to compare the NGK six inch insulator 
with our six inch insulator (LJ-16583 versus 16583). 

These latter tests were performed in essentially the same manner as 
was done on the ten inch insulators. 

follows: 
Briefly, the procedure was as 

A. Impact, with steel nosed pendulum, the second petticoat (There 
are three petticoats, counting the outer rim.) The magnitude 
was started at 10 inch-lbs. and increased in 10 inch-lbs. 
increments until chipping occurred. 

B. Electrical test the units 

C. Thermal shock the units. Three cycles were employed, with bath 
temperatures being 32° F and 212° F 

D. Electrical test the units 

E. Perform M&E test on units 

The results were as follows: 

IMPACT TEST 

Electrical 
Catalog No. Sample No. Impact, in.-lbs. Test Remarks 

LJ-16583 1 20 Punctured cracked shell | 
ae 30 FO chipped petticoat 
3 20 FO chipped petticoat 
4 20 FO chipped petticoat 
> 20 FO chipped petticoat 

11 20 FO chipped petticoat 
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INSULATOR ee Date ncre/ 20/66 | 
BALTIMORE, MARYLAND 
RECORD OF TESTS Page 1 of 4 

Copies 

to 

Nature of Tests: Material 
Impact, Thermal, Flashover, M&E, and Ultimate 

NGK-557MG-20 

Refer to Test Req. No. | , 
7297 

The following testing was performed in order to determine a means of dis- 
crimination between suspension insulators of different manufacturers regard- 

ing the susceptibility to catastrophic cracking of the porcelain component. 

Catastrophic cracking is defined as being damage to the insulator either to 

a critical degree or to a critical area as contrasted to the damage normally 

expected to be encountered by the type of test here after described. 

Insulators from two manufacturers--General Electric Company and NGK-~-were 

subjected to tests. 

I. These tests consisted of the following: 

A. Impact Insulators were mounted in the standard ASA impact machine. 

Instead of striking the edge of the shell, as is normal, the pendulum 

was adjusted so that the nose would impart an impact to the third 

petticoat from the edge of the shell (second petticoat from the pin 

hole). Each insulator was impacted with successively increasing 

magnitude in 10 inch-lbs. increments until chipping occurred. 

B. Electrical Test Then, all insulators were flashed over electrically 

C. Thermal Test Then, all insulators were subjected to one cycle of 

thermal shock ( 32° F to 210° F), ten minutes each half cycle. 

D. Electrical Test All insulators were flashed over electrically 

E. Impact Test All insulators were again impacted as in "A", above, 

except that the inner petticoat was impacted. 

F, Electrical Test. Then all insulators were flashed over electrically 

G. Thermal Test All insulators were subjected to five (or less depending 
| upon results) cycles of thermal shock (32° F to 210° F), ten minutes 

each half cycle. | 

H. Electrical Test Then, all insulators were flashed over electrically 

I. M& E’and Ultimate Test All insulators were then subjected toMé& E 

test 

This report is the property of General Electric Company, and it may not be reproduced or Signed ae 

used in whole or in part for advertising, publicity, promotional, catalog or similar purposes | 
without the written permission of General Electric Company in each instance, | Approved ee | 

Z 
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Date of report: _October 10, 1966 _ | 

cc: CA Calkins BE Kingsbury —~ 
JS Craig WM Nave 

HA Frey WE Taylor 
- PB Horton ES Wheeler 

J Kelenfy MR Sloan 

“To: G. M. Boyd 

Report of visit by: R. H, Lester and M. Jadvani 

Visit to: Section Meeting of IEEE with tour of 

Lapp Insulator Co., Leroy, New York 

Persons contacted: -G. E, Representatives Present ¢ 

Steve Bobak of EUSO ( Secretary of 
Buffalo Chapter) 

Summary: See attached 
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INSULATOR DEPARTMENT 

8* 272-9 3934 

2525 Insulator Drive COPIES: 

Baltimore, Md. 21230 GM Boyd 
| HA Frey 

«BE. Kingsbury 

September 27, 1966 = NRL Saha 

COMPETITIONS CLOSET: pa sea 
A. B. Chance Epoxiglass Insulators ES Wheeler 

All District Managers 

All Headquarters Marketing Personnel 

Chuck McKinley learned that A. B. Chance, in recent weeks, has had a delegation 

at Louisiana Power and Light Co. to determine just what to do about replacing 

all the epoxiglass insulators that Louisiana Power and Light Co. has installed. 

Also, Bob Bauer has learned of a series of failures of the "Epoxy-Glas" struts 

being used as 55-5 pin-type insulators on the Pacific Power & Light Co. system. 

In the latter case, struts were being used in an extremely contaminated coastal 

environment and damage is due to excessive leakage currents. This resulted in 

charring or burning of the strut, with some units burning the full length of 

the strut. Apparently, no radio interference problems have been encountered, 

but Pacific Power & Light is going to replace all units. 

We have made tests on the style used by Louisiana Power and Light and a copy 

of these test results is attached. In the column showing "Equivalent 5-3/4 x 9" 

insulators these are catalog values of strings of porcelain insulators which 

resulted in approximately the same flashover value as the epoxiglass-porcelain 

combination. 

Under Test Group D, it is noted that severe tracking took place in 3/ minutes 

under a special wet flashover test. These results appear to support the situation 

that is occurring in service. 

Under Group F, the mechanical strength of the unit severely limits its application. 

We have pointed out in previous communications that epoxiglass and other similar 

organic insulators are very susceptible to tracking and subsequent breakdown. 

Our GEPOL insulating material, on the other hand, a patented formula, has a high 

degree of freedom from tracking which gives us the confidence that chances for 

GEPOL's success are very high! 

L | pe | neni 

‘Je minski, Jf. 
Product Planner & Application Engineer 

pr 

ATT. 
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GENERAL @@ ELECTRIC Se en 
INSULATOR DEPARTMENT 

2525 Insulator Drive #, 1966 namie’ 

Baltimore, Md, 21230 SEP 2 AJ Pezdek 

J. Kaminski 
ENG. FR McVicker 

ES Wheeler 

September 22, 1966 

Arc-Over Tests on OB 

and NGK Insulators 

Subject: 

Mr. B. E. Kingsbury: 

The laboratory recently had the opportunity of making tests on both OB insul- 

ators and NGK insulators which had been subjected to short circuit arc-over 

tests. The arc-over tests were made by the Baltimore Gas and Electric Co. 

at their Windy Edge test facility and was a continuation of the investigation 

for Stone and Webster for the Keystone Line. The objective of the tests was 

to obtain a comparison between the OB and NGK insulators so that a decision 

could be made on the usage of the insulators for the Keystone Transmission 

System. : | 

The tests were made on a string of three units, which is similiar to the 

procedure used at §.C.E. in their arc-over tests. 

The insulators were brought into our laboratory for conducting the mechanical 

test after having been subjected to arc-overs of approximately 4,000 - 6,000 

amp-sec. Mr. Bill Logan and Mr. Gordon Gaertner of the Baltimore Gas and 

Electric Company witnessed these tests and also took the insulators back for 

examination and review by other interested individuals. 

The results obtained in the laboratory tests on the OB insulators are as 

follows. These units were rated at 25,000 lbs. M&E strength. 

Sample M& E Ultimate Remarks 

1 32,100 32,100 Broke Socket 

2 38,350. 38,350. Normal Break 

*3 Punctured 16,750 Normal Break 

1A 34, 300 34, 300 Normal Break 

2A": 39 , 800 39 ,800 Broke Socket 

*3A 30,400 30,400 Normal Break 

1B 33,900 33,900 Normal Break 

*2B 17,100 17,100 Normal Break 

*3B Punctured 17,600 Normal Break 

1C 36,100 36,100 Broke Socket 

2¢ 32,800 Broke Socket 32,800 
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MEMORANDUM 
August 31, 1966 

Subject: NGK Quality Problem--Reports and 

Information on Hand To Date 

Messrs. WM Nave 

GM Boyd 

AJ Pezdek 

ES Wheeler 

ho The first indication of trouble with NGK insulators received by us came 

from Pacific Gas and Electric Company. It was reported that a 230 Kv 
circuit dropped under normal operating conditions--no wind, no rain, no 

abnormal loading. It was further reported that when additional NGK 
insulators on the same circuit were examined some (an unknown quantity) 

were found to be cracked. The NGK representative is reported to have 

told PG&E that the insulators had been roughly handled in construction 

and pointed out that a very light impact on the underside of the unit 

could cause breakage of the shells and subsequent reduction in M&E 

strength. When these reports were received, a simple test was made 

here (the so-called screw driver test) by simply dropping a screw driver 

so as to strike in the trough between any pair of the inner corrugations. 

It was found that a surprisingly light blow at this point would cause 

a part of the shell to break off. These tests were made on Japanese 

18,000 1b. units and, in some cases, the units after being so broken were 

found to have mechanical strength tests of as low as between 5,000 and 

6,000 lbs. Needless to say, not all units were so affected. 

tes Pursuing further simple tests of this sort at Baltimore, it was found that 

by simply tapping the tips of the smooth inner corrugations with a screw 
driver or other metallic object, it was very easy to cause chips to spall 

off. Subsequently it was found that on insulators so chipped, there was 

a tendency for glaze to continue to flake off around the chip and after 

a single cycle thermal shock test some of the insulators cracked radially 
with the cracks progressing up into the head. This, of course, is a very 
dangerous situation since even if the mechanical strength is unaffected, 

a crack in the head of the insulator would represent an electrical failure 

and charging currents passing over this crack over.a period of time in 

serivce could cause a blow-apart. 

an It was after the rather preliminary work indicated above had been done that 
Baltimore Gas and Electric Company (John Jones) called me to ask if we would 

be willing to make some tests for them on competitive insulators. In the 

course of the conversation it developed that they wished us to make tests 

on Japanese insulators and that they had heard from PG&E of the above 

difficulties. The tests were to be made under the direction of Stone and 

Webster, with representatives from BG&E, Pennsylaniva Electric and NGK 

present. These tests were made, and Mr. Weller has reported on them in 

detail. However, a brief resume of the results is worth repeating here. 
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GENERAL ELECTRIC COMPANY 

INSULATOR DEPARTMENT 

Baltimore, Maryland 

Technical Report No. LK-819 
September 1, 1966 

IMPACT TESTS ON NGK AND OB INSULATORS 

MADE FOR STONE AND WEBSTER 

This Report Contains 

13 typewritten pages 
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GENERAL @@ ELECTRIC le ¢ ee 
INSULATOR DEPARTMENT 

SUBJECT COPIES: 

e Engineering Comments 
File #4412 

‘Baltimore, September 25, 1961 

Mailing List 9 Tab D 

Subject: Tests on A. B. Chance (Porcelain Products) 15000 Lb. 
Suspension Insulator #66255 

We have recently completed a series of tests on the subject insulator and 
I thought you might like to see the results. 

Physical Measurements 

Sample Dry Arcing Leakage 
No. Distance Distance Length Weight 

1 7 15/16 | ae 5 13/16 12 lb. 5 oz. 
2 8 11 15/16 5.13/16 12 lb. 6 oz. 
3 8 1/16 La BLLs 5 3/4. 12.1b. .6 oo. 

M & E and Ultimate Strength (Lbs. 

sample No. M& E Ultimate 

1 17150 20250 
2 20100 24100 

3 20150 25050 

4 21150 ~ 22250 
(+45 26400 26900 
6 23150 23550 

/ 17100 21700 
8 15800 20350 

9 19800 21750 
10 19800 24200 

Average 20060 23010 
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_ Table VI. Repeatability of Readings 

us Difference Between 
. Paired Readings, Db 

2 Number —-————__—_—____— 
of ene Standard 

pas Samples = Mean Deviation 

Dampers : 36 a8 —1.2 4.9 
Suspension Insulators with Clamps 30. sy 1.3 3.8 
Compression Joints - 6 3 +3.6 12.9 
Dead-End Insulators with Clamps 4 —8.0 o.2 
Loop. Support Insulators with Clamps 6 —6.0 2.5 

type requires a polarizing battery and a cathode follower. The 
model selected has a threshold sensitivity of 4.3 nanobars, a 
frequency upper limit of 20 kc, and is so insensitive to external 
fields that its performance is not impaired even directly under 
a 600-kv test line. . see ie” 

Tests after assembly showed that this microphone-reflector 

combination gives adequate directionality, the 6-db beamwidth: at 10 ke being 4.2 degrees. This directionality is sufficient to 
enable a skilled operator to locate a noise source 100 feet away 
with an accuracy of about 1 foot and to separate sources which 
are 3 feet apart. The sound absorption by the atmosphere is 
negligible at these frequencies in a 100-foot path 

- The coronaphone amplifier, filter, and meter circuits, tozethiens _,with the necessary batteries, are housed in the box shown in ‘Fig. 1. . Transistors are used throughout the amplifier to reduce battery requirements, thereby increasing portability. Between 
the microphone and the first stage of the amplifier is a high-pass 
filter for the attenuation of the relatively large noise energies 
of low harmonics of 60-cycle and voice frequencies. The maxi- 
mum voltage gain of the amplifier is 100,000. The effective 
frequency response is 10 db down at 1,500 and 20,000 cycles. 
The QP detector has time-constants of 1-millisecond charge time 
and 600-millisecond decay. An audible output is provided. 
- The arbitrary units quoted are based on 0 db =2 10-1 
microbars, when the band-pass filters and reflector have been 
removed from the system. eat te 1-tH 

Insulation Requirements, Corona Losses, 

and Corona Radio Interference — 
_ for High-Voltage D-C Lines fore 

_ N. Hyltén-Cavallius, Member [EEE S. Annestrand “H, Witt: Ye Madzarevié . - 

Insulation Requirements 4 

GENERAL CONSIDERATIONS . Wace Soe ty | 

Both a-c and d-c line insulation is stressed by lightning over- 
voltages, internal overvoltages, and normal operating voltage. 
The first two stresses impose requirements mainly on the in- 
sulator chain length, while the latter influences the choice of 
leakage distance, especially when pollution is considered. — 

For direct current, the fault clearing characteristics can 
be made much more effective than for.alternating current by 
means of grid control. Further, the internal overvoltages in 
d-c systems are considerably lower than in a-c systems. The 
lower requirements on chain length thus imposed means that 
the insulators’ capability to. withstand. normal operating 
voltage will be dimensioning in all zones of pollution. As a 
consequence, it may pay to use d-c insulators with especially 
long leakage paths even in relatively clean areas. This possi- 
ble reduction of chain length is of great economic importance 
as, usually, the largest part of a high-voltage power line passes 
through clean areas. : 

The mechanism responsible for insulator pollution and sub-- 
sequent flashovers, ¢an be.as follows. The airis contaminated 
with small dirt particles which become: deposited on the 
insulator asalayer. The layer is dampened, especially during 
fog, and if it contains dissociable matter, it also becomes con- 
ducting. An are may develop which dries the surface layer | 

Paper 63-998, recommended by the IEEE Transmission and Distribu- 
tion Committee and approved by the IEEE Technical Operations 
Committee for presentation at the IEEE Summer General Meeting 

and increases in length. If the leakage resistance of the entire 
chain is small enough, the are will carry a large current and 
will grow quickly. Eventually it will flash over the entire 
chain if the arc grows at a quicker rate than the rate at which 
the chain is dried by the leakage current. | 

Thus, the severity of the insulator pollution depends both on 
the atmospheric pollution and on the amount of dissociable 
matter, for example, salt. (The disscciable matter may be 
increased by the presence of gaseous SOs.) . But also the fre- 
quency and intensity of rain is of vital importance, as rain 

Table |. Characteristic Data for Atmospheric Pollution, SO, 

Content, and Equivalent NaCl Deposit on Line Insulators in 

mc Various Districts 

‘Equivalent 
NaCl Deposit 

Atmospheric SO; Content on Line 
ae ; Pollution, — in Air, Insulators, 

Nig/Cm? */Month Parts Mg/Cm? 

Clean areas 0.01-0.2 10-8 0.02-0.05 
. Industrial areas 0.2 -0.8 1078-1077 0.05-0.10 
Heavily polluted areas 0.8 -4 10°-7-10"6 0.10-0.40 

* Milligrams per square centimeter. 

Table ii. Influence of Distance From Sea on Salt Deposit on 

| Insulators | 
tienen nnn NE 

* NaCl Deposit on Line Insulators, 
and Nuclear Radiation Effects Conference, Toronto, Ont., Canada, - Distance to the Coast, m* Mg/Cm? June 16-21, 1963. Manuscript submitted March 21, 1963; made 299 fo che 0.4 
available for printing April 19, 1963. ton eS : 3,000 a 0.2. 
N. Hytrén-Cavauiius, S. ANNESTRAND, and -V:' MApzAREvI¢ are a hae Hager ee _ with ASEA High-Voltage Laboratory, Ludvika, Sweden; H. Wirr is of 
Pinneberg, West Germany.” jail * AG eve oi ES * Meters. - 
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INCE THE FIRST long high 

J voltage DC link connecting 

the island of Gotland and the 
Swedish mainland was commis- aes 
sioned ten years ago, six major I 
HVDC projects have been under- ae 
taken in various parts of the world. = = © 
Several other projects are contem- 

plated, including two of very high 

capacity and length which involve 

power systems in North America. i 

The theoretical advantages of ae 

By P. G. Engstrom, Chief Engineer direct current for transmission — Re 
and Manager and H. Stackegard, have been recognized. These ben- | cre 

Application and Project Engineer efits stem primarily from the fact | 
DC Transmission Department that the operation of the DC line 

ASEA, Ludvika, Sweden is independent of line inductance 

and capacitance. Basic limitations 

on the general use of DC power 

systems are the impracticability of 
transforming direct voltage, the 

more efficient method of generat- 
ing power at alternating current, 

The Role of HVDC. 

Today 

Sia gee 

Editor’s Note: Interest in the pos- and economic factors involved in 

sibilities of high voltage dc trans- 

mission (HVDC) has been rapidly 

mounting in the United States and 
Canada. As we go to press, final 

Congressional approval has: just 

been given on two 750-kv HVDC 

lines, connecting the Bonneville 

power system with Los Angeles 

and Hoover Dam. | 
Successful applications through- 

out the world indicate that this 
method of power transmission 
should be studied objectively, with 

careful analysis of the engineering 

a particular case. 

. Heretofore, discussion of 

HVDC transmission in this coun- 

try has been largely confined to 

comparisons of construction costs. 

Other factors of operating char- 

acteristics and equipment reliabil- 

ity must also be considered. These 

are discussed in this article. Ad- 

ditional special design considera- 

tions which are related specifically 

to HVDC equipment and its ap- 

plication will be treated in a sub- 

sequent T&D article. 

and the difficulty of breaking direct 
current. | e | 

- Modern use of HVDC. for 
power transmission became prac- 

tical with the development by — 

ASEA of a high voltage mercury- 

The Authors... 

Mr. P.G. Engstrom, Chief Engineer at the 
HVDC Department at ASEA, is a graduate of 
the Royal Institute of Technology, Stockholm, 
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Gotland-mainland link as well as with the develop- 
ment of all equipment for d-c cable connections 
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committee on Mercury-Arc Converters. 
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nology, is an application and project engineer 

at ASEA’s HVDC Department. Prior to this he 
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able reactor development with the Hevi-Duty 
Electric Company, Milwaukee, Wisconsin. 
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Above photo shows construction cur- 
rently in progress on New Zealand’s 
Haywards substation. The pit for 
the smoothing reactor can be seen 
in the foreground and the two valve 
damping resistors in the center of 
photo. Interior views of the sub- 

TRANSMISSION & DISTRIBUTION 



HVDC TRANSMISSION 

STATUS REPORT: MARCH 15, 1965 

High-voltage d-c has economic application for the movement of large 
blocks of power from mine-mouth steam plants or remote hydro stations 
to load centers. It can usually be proved in where the overhead transmis- 
Sion distance is in excess of 400 to 600 miles or in metropolitan areas — 
where overhead right-of-way is unattainable and cable must be used if the 
length exceeds 25 to 30 miles. Politics as well as engineering will play 
an important role in the decision for any specific undertaking. Experience 
has shown that it is most unwise to attempt to generalize on the break-even | 
distance of a-c versus d-c transmission distance. Conclusions should be 
reached only after careful study of specific cases. 

Five HVDC applications have been made by ASEA outside the Western 
Hemisphere (for listing, see Table I). Two are in commercial operation 
(Gotland and-Cross Channel), and the other four are scheduled for com- 
missioning in 1965. The New Zealand and Konti-Skan applications are 
particularly significant because of the dependence placed on the d-c link 
between the a-c networks. The operation of these systems will be fol- 
lowed with interest by all those having like applications. 

In this part of the world, plans have finalized for an underseas link 
to Vancouver Island in British Columbia. ASEA is the prime contractor 
for the terminal equipment. Canadian General Electric will manufacture 
the converter transformers. 

Also, congressional approval has been given to the overland d-c 
Pacific intertie. The Dalles-Los Angeles section is presently scheduled 
for operation for the fall of 1968. The second Dalles-Hoover Dam line 
is set for 1971. Orders for the terminal equipment and the transmission 
lines for this project will be placed in 1965. 

As to the future pattern of growth, reference may be made to the 
National Power Survey Report issued on December 12, 1964, by the 
Federal Power Commission. | Its projected 1980 transmission pattern 
includes the possibility of three major East-West EHV interties and | 
another long-distance interconnection between the Northwest and Middle 
‘South, in lengths ranging up to nearly 2,000 miles and with power flows 
of as much as 4 million kilowatts. | , 

The report visualizes that transmission will continue to be primar-| 
ily over a-c networks but suggests that +900-kv or + 750-kv d-c may be 
considered for these long-distance interconnections. 

————___—____ 
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5 Mr. J. Kamtnwks: | 

ae During a visit to etiamesk aby: ‘wast week, Mr, cingebery and I epent a s betet 

i You ere particularly faterested in contacts. to make to secure the elas 
. performance business associated with this work. 

. General Electric representatives on the joint venture team are Ceorge 
. Bauptuen and Glen Brewer. 

_ porcelains. 
the problem ie that of determining exactly what porcelains will be required. or 

iT would, ier) —— thet you call on or write Mr. Brever on thie. ae a 

: Incidentally, if othen information is “required, Gener Mateon, of fenenactady, oe 

The usterial must be on the site nde for eiskiestion by pres | 1968. | 

(Clip Dismond is Bonasville purchasing agent). 

Gene Munter said that Gene Starr of iceeviiie: ees ‘Keel te edtval wine = 

pressed by glass. 

that iu panel information should be avaiiable within a few weeks. 

July 12, 1965 

peries with Gene Hunter dioevasing. DB. ae qanelat ex aitustion. 

Mr. Hunter said that the | 

Glen Brewer would be the man to contact ciomeorning an Aa 
G. £. already hae the order on the substation equipment, so thet 

matter, 

has the complete re layouts, 

This facludes a Large nusber of wall bookings for 400 Kv ping and wal mae 

The ewitehyard and line insulators will be purchased by Bonneville rest, | 
The first line will involve See 
The second Line ba Bae: oe Sa ae wiles and is scheduled for 1968 or sooner. 

same lengths is echeduled in 1970 or igi. 

witnessed a number of tests om the glass insulators and is tremendously fm” 
This will be one obstecle that we will have to overcome. 

When our D. C. insulators are ready, =e. we should ” hin. bere te counters oe 
act the weniyer saiesieamcaco’ gh | 

tn response to specific questions esusersing the most recent vecsieasiiiatiieds i asm ES 
om leakage distance, Mr. Munter gave us the following information: ASEA vecom 
mended leskage distance for outdoor application at D. C.: 2.3 i per Kv line 3 ™“— 
to ground. ASEA recommended leakage a enee for indoor pacers: oc at B.C.1 fey Me 
1.4 CM per Kv lines to ground. 

These values sre gcmewhat ouster vie had bean + tobi Peau atin ine 
mation and Mr. Hunter indicated that this wae not yet completely frosen /. 

eh 



CONVERTER VALVE HOUSE, and dc switchyard at Benmore Hydro Station sends 
power transmitted at 500-kv dc to North Island 220-kv network 

HARMONIC FILTER GROUP is shown at Benmore Ac-Dc Hydro Station which ex- 

ploits South Island’s hydro potential for transmission to North Island network 

HAYWARDS SUBSTATION is the northern terminal of dc transmission and southern- 

most point on the North Island 220-kv ac system supplying city of Wellington 

New Zealand 

The 500-kv (+250 kv to earth) 
de transmission system recently put 
in Operation at Benmore Station, 
South Island, places in New Zealand 
one of today’s major advances in 
electric power technology. The line, 
now in commercial service and 
operating in conjunction with the 
submarine cables across Cook Strait 
(EW, March 29,1965, p 24): has 
a capacity of 600 Mw. 

The new line links Benmore Sta- 
tion with Haywards Substation. The 
latter is the southernmost point of 
North Island’s 220-kv system. This 
project, like virtually all generation 
and transmission on both islands, 
was executed by the New Zealand 
Electricity Department, a govern- 
ment agency. 

Inauguration of the line en- 
countered some delay when a fault 
developed in one of the three 25- 
mile submarine cables spanning the 
water between the islands. But the 
fault was rectified, and the compli- 
cated project has been brought to 
fruition without further hitch. 

Bold Step Endorsed 

Some interference with telephone 
circuits and with the remote control 
equipment of two power supply 
authorities, also occurred during 
testing of the line. Extra temporary 
filtering equipment at Benmore re- 
duced the noise to an acceptable 
level on South Island, but the con- 
verters at the Haywards Substation 
occasioned no major interference 
with telephone circuits on North 
Island. 3 

North Island has 70% of New 
Zealand’s population and 71%. of 
the industry, and its last year’s win- 
ter peak amounted to 1,314 Mw. 
Although South Island’s comparable 
demand was only 560 Mw, it pos- 
sesses far more abundant hydro- 
electrical sources, some so attractive 
technically and economically com- 
pared with North Island’s remaining 
potential, that the country’s power 
planner endorsed the bold step of 
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IN Brizr: There are many reasons for eng '0 transport electric power over long distances - the desire to build power plants far Irom cities, the advantages of exchanging power between regions where demand Occurs at different times of the day OF SEGSONS ‘Of +h year, and the need to in- terconnect widely separated areas that have different SOUrcEes of power. The key to carrying electricity over hundreds of miles, 
and doing jt economically, is to use high 

0-kV line can carry about four 

INTERNATION “Aster eae 

times as many watts as a 345-kV line. H Ow- 
ever, there’s.also the question of whether 
fo use ac entirely or convert ac to de for the 
actual transmission. Now that high-voltage 
convertors are practical, the latter method 
has been making a comeback in some of the 
new long-distance links. As the number of 
applications calling for the uninterrupted 
transmission of power over transconti- 
nental distances continues to grow, you can 
expect that de will play an increasingly im- 
portant role.—M.F.W. 



Direct Current 

UNDERGROUND 
DC LINK 

FOR LONDON 

City to have world's first 
underground dc link 

for metropolitan area 

he world’s first underground dc link for a 

metropolitan area, a 5l-mile 266 kv trans- 

mission system is planned for London, England. 

A $23 million order for electrical conversion equip- 

ment has been awarded to English Electric by 

Britain’s Central Electricity Generating Board. 

The line is scheduled to be in service by 1970. 

Power will be carried from a 2,000-Mw_ steam 

generating plant now under construction at Kings- 

north, in southeast England, to two points in Lon- 

don — first to Beddington, near Croydon 37 miles 

northwest of Kingsnorth, and then under the 

Thames to Willesden, a further 14 miles. Under- 

ground cable will be used for the entire 51-mile 

route. It will be the first dc power link to operate 

on the British mainland. 

The Kingsnorth to London line will be used to 

move power in quantity underground into a heavily 

built-up area where overhead lines are out of the 

question. An important advantage is that dc trans- 

mission does not increase the receiving end fault 
level as power is added to the system. This arises 

from the precise and almost instantaneous control 

provided by the converters. The Kingsnorth- 
London dc link has been designed to operate as 

an integral part of a network and not, as in most 

schemes up to now, as a parallel adjunct to an 

existing alternating-current network. 

The English Electric order covers the supply of 
electrical equipment for a 640-Mw converter sta- 
tion at Kingsnorth and similar equipment for two 

receiving stations. Half the power (320 Mw) will 

PAGE 50 

be available at each receiving station and the flow 
of power into each will be separately controlled. — 

The design and engineering for this contract 

will be undertaken by English Electric’s DC Trans- 

mission Division at Stafford, England, where the 

major part of the equipment will be built. The 

company is at present completing a 200-Mw de 
link between Sardinia and the Italian mainland. 

One positive and one negative cable at 266 kv 

de to ground, together with a neutral cable, will 

carry the power over the 37 miles from Kingsnorth 
to Beddington. At Beddington, 320 Mw of power 

will be taken from one of these lines and the 

neutral. The other line and the neutral will con- 

tinue 14 miles to Willesden to make another 320 

Mw of power available there. 

At the receiving stations the power will be fed 

directly into separate secondary transmission Sys- 

tems at 132 kv. When the receiving stations are 

isolated from the sending end, the dc link can be 

used as an interconnection for the transfer of power 

between south and northwest London. 

The 56 4-anode mercury arc valves to be manu- 

factured by English Electric are each rated at 133 

kv, 1,200A de in 3-phase bridge connection. At 

the converter stations, they will be arranged in 

groups of seven (six form a 3-phase bridge and 

one is a bypass valve); there will be four such 

groups at Kingsnorth (640 Mw) and two at. each 

of the two 320 Mw receiving stations. Most of 

the equipment for the three converter stations will 

be installed indoors. a 

Inquiry Number T&D 2786 . eee 
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F 76 228-7 
STUDY ON THE INSULATION DESIGN OF OVERHEAD DC LINES 

Y. Watanabe 

Central Research Institute of 
Electric Power Industry 

Tokyo, Japan 

ABSTRACT 

This paper presents the results of the study on the insulation 

design of overhead dc lines. Items are as follows. (1) General method 

of insulation design is discussed. (2) Withstand characteristics of 

air gaps and insulator strings for all types of voltage stresses are 

presented. (3) Features of the insulator string arrangements on the 

dc lines are discussed. 

INTRODUCTION 

The overhead transmission lines are subjected to stresses of vari- 

ous types such as the lightning overvoltages, the internal overvoltages 

and the operating voltage, and they are also exposed to the various 

meteorological conditions such as wind, rain, snow, icing and pollu- 

tion. The insulations should be maintained as possible under these 

various situations. However, it has been generally recognized that it is 

uneconomical to design to withstand the most severe voltage stress 

under the most severe meteolological condition. 

For the ac lines, the simple and convenient insultation design 

method, in which the combination probabilities of electrical and 

meteorological events are roughly considered, has been developed. 

As the basic concept of the insulation design of the dc lines is as same 

as that of the ac lines, the similar method is applied on the dc lines. 

Same concept has been already proposed in ref. 1. | 

The types of voltage stresses induced on the dc lines are dif- 

ferent from those induced on the ac lines. Therefore, it is necessary 

to investigate the withstand characteristics of air gaps and insulator 

strings for the voltage stresses of the dc lines. 

This paper presents the concept of the insulation design of the | 

dc lines and the necessary withstand characteristics. 

GENERAL CONCEPT OF INSULATION DESIGN 

In the ac practice, the line insulations are generally decided by 
the requirements of the operating voltage and the internal over- 
voltages. Against the lightning, the countermeasure such as setting 
of ground wires or reducing tower foot resistance are considered 
to reduce the outage rate. Especially when the more reduction of 
the outage rate is necessary, the line insulations will be decided by 
the lightning requirement. According to this concept, lightning 
outages are induced frequently, while the other outages are restrained 
to the small frequency. The sensitivity of the insulation level to the 
lightning outage rate is far duller than those to other outage rates. 
In other words, while the lightning outage rate is not affected large- 
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ly by the insulation level, other outage rates are sensibly affected. 

Therefore, it is necessary for safety that other outage rates are con- 

trolled to smaller level than the lightning outage rate. The estimation 

of the lightning outages can be made by the method used for the 

ac lines. In this paper, the operating voltage and the internal over- 

voltages are generally discussed. 

The internal overvoltages induced on the de lines are classified 

to three types such as a switching impulse type, an ac type and a 

dc type. The characteristics of important overvoltages of each type 

Table 1 Overvoltages on the dc lines » 

Cause Builtup time | Crest voltage 

(ms) (p.u:) 

Induction to healthy 
poles when one pole 

grounding. 

Type 

Switching 
impulse 1S aa L328 

Misfire of one or more | Basic 

value frequency 

Start with an open 2” 20 POP 23 dc 

end. ; 

_ are shown in Table 17°? The switching impulse type is a damped 

oscillation wave with the relatively steep front. The ac type is a basic 

frequency ac wave superposed on a dc wave. The dc type is a unilat- 

eral wave with a long front and a long tail. 

The insulation design is made in accordance with several basic 

insulations, which are “String Length’’, “Horn space” , ‘Strong 

Wind Space’’, “Middle Wind Space’’ and ‘‘Normal Space’. Latter 

three spaces are tower spaces. These basic insulations are the min- 

imum insulations maintained under certain conditions. 

“String Length” is decided by the withstand characteristics 

of the strings contaminated with salt, snow, etc. for the dc operating 

voltage. The most severe overvoltage to the contaminated string is the 

dc type overvoltage, but its frequency is very small, so that the 

probability of the simultaneous occurrence with the severe contami- 

nation is negligible. The contamination withstands for other over- 

voltage are more than 2.6 times that for the dc voltage, while the 

overvoltage factors are 2.3 p.u. at most. Therefore, the internal over- 

voltages are not important to “String Length”’. 

“Horn Space” is decided by the internal overvoltages. As the 

horn spaces are always constant, it is necessary to be correspond 

to the high withstand probability. However, only the dc type over- 

voltage is corresponded to the lower withstand probability than other 

overvoltages, because the dc type overvoltage is induced less fre- 

quently than other overvoltages. As discussed later, “Horn Space” 

is not important to the dc lines, because the required insulator string 

lengths is larger than the required air spaces. Therefore, the actual 

horn spaces will be decided almost freely. 
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ABSTRACT 

This paper presents the results of the study on the insulation 

design of overhead dc lines. Items are as follows. (1) General method 

of insulation design is discussed. (2) Withstand characteristics of 

air gaps and insulator strings for all types of voltage stresses are 

presented. (3) Features of the insulator string arrangements on the 

dc lines are discussed. 

INTRODUCTION 

The overhead transmission lines are subjected to stresses of vari- 

ous types such as the lightning overvoltages, the internal overvoltages 

and the operating voltage, and they are also exposed to the various 

meteorological conditions such as wind, rain, snow, icing and pollu- 

tion. The insulations should be maintained as possible under these 

various situations. However, it has been generally recognized that it is 

uneconomical to design to withstand the most severe voltage stress 

under the most severe meteolological condition. 

For the ac lines, the simple and convenient insultation design 

method, in which the combination probabilities of electrical and 

meteorological events are roughly considered, has been developed. 

As the basic concept of the insulation design of the dc lines is as same 

as that of the ac lines, the similar method is applied on the dc lines. 

Same concept has been already proposed in ref. 1. | 

The types of voltage stresses induced on the dc lines are dif- 

ferent from those induced on the ac lines. Therefore, it is necessary 

to investigate the withstand characteristics of air gaps and insulator 

strings for the voltage stresses of the dc lines. 

This paper presents the concept of the insulation design of the : 

dc lines and the necessary withstand characteristics. 

GENERAL CONCEPT OF INSULATION DESIGN 

In the ac practice, the line insulations are generally decided by 

the requirements of the operating voltage and the internal over- 

voltages. Against the lightning, the countermeasure such as setting 

of ground wires or reducing tower foot resistance are considered 

to reduce the outage rate. Especially when the more reduction of 

the outage rate is necessary, the line insulations will be decided by 

the lightning requirement. According to this concept, lightning 

outages are induced frequently, while the other outages are restrained 

to the small frequency. The sensitivity of the insulation level to the 

lightning outage rate is far duller than those to other outage rates. 

In other words, while the lightning outage rate is not affected large- 
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ly by the insulation level, other outage rates are sensibly affected. 

Therefore, it is necessary for safety that other outage rates are con- 

trolled to smaller level than the lightning outage rate. The estimation 

of the lightning outages can be made by the method used for the 

ac lines. In this paper, the operating voltage and the internal over- 

voltages are generally discussed. 

The internal overvoltages induced on the dc lines are classified 

to three types such as a switching impulse type, an ac type and a 

dc type. The characteristics of important overvoltages of each type 

Table 1 Overvoltages on the dc lines - 

Cade Builtup time | Crest voltage Type 

(ms) (p.u.) 

Induction to healthy Switching 

poles when one pole 0.3~1 1.5~2.0 impulse 
grounding. : 

Misfire of one or more | Basic 
value ° frequency - 

ar . 

Start with an open 

end. 

- are shown in Table 1*°3 The switching impulse type is a damped 
oscillation wave with the relatively steep front. The ac type is a basic 

frequency ac wave superposed on a dc wave. The dc type is a unilat- 

eral wave with a long front and a long tail. 

The insulation design is made in accordance with several basic 

insulations, which are “String Length’’, “Horn space” , ‘“‘Strong 

Wind Space’’, “Middle Wind Space’’ and ‘“‘Normal Space’’. Latter 

three spaces are tower spaces. These basic insulations are the min- 

imum insulations maintained under certain conditions. 

“String Length’ is decided by the withstand characteristics 

of the strings contaminated with salt, snow, etc. for the dc operating 

voltage. The most severe overvoltage to the contaminated string is the 

dc type overvoltage, but its frequency is very small, so that the 

probability of the simultaneous occurrence with the severe contami- 

nation is negligible. The contamination withstands for other over- 

voltage are more than 2.6 times that for the dc voltage, while the 

overvoltage factors are 2.3 p.u. at most. Therefore, the internal over- 

voltages are not important to “String Length’. 

“Horn Space” is decided by the internal overvoltages. As the 

horn spaces are always constant, it is necessary to be correspond 

to the high withstand probability. However, only the dc type over- 

voltage is corresponded to the lower withstand probability than other 

overvoltages, because the dc type overvoltage is induced less fre- 

quently than other overvoltages. As discussed later, “Horn Space” 

is not important to the dc lines, because the required insulator string 

lengths is larger than the required air spaces. Therefore, the actual 

horn spaces will be decided almost freely. 



esign News 

Basic Parameters 

Of A-C and 

D-C Circuits 
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This nomograph provides a simple method of 
establishing and relating the basic parameters 

of both a-c and d-c circuits. It provides nomog- 

raphic relations of the fundamental param- 

eters allowing rapid comparison of equivalent 

alternating and direct current circuits in terms 

of basic functions. For a-c, this graph relates 

power, apparent power, phase angle, current, 

voltage and impedance or reactance. For d-c 

circuits, it relates power, current, voltage and 

resistance. 

With either a-c or d-c, the current can be 

considered as electronic drift or flow. The 

force that produces this flow, the electromotive 

force, is measured as the potential between 
two points. This potential, or voltage, which 

tends to produce current or electron move- 

ment, can be expressed in electrostatic units 

but is more commonly expressed in voltage. 

A volt is the potential that produces a current 

of 1 amp through a resistance of 1 ohm. 

Resistance is the capacity of resisting elec- 

tron flow. It is the effective force of retardation 

of current, measured in ohms. An ohm is the 

resistance that causes a potential drop of 1v in 

a Current of 1 amp. Resistance is the reciprocal 
of conductance. 

Impedance, the vectorial addition of resis- 

_ tance and reactance, is the tendency to im- 

pede the flow of an alternating current. Re- 
actance, either inductive or capacitive, is the 

resistance to react to a sinusoidal current. It is 

the imaginary part of electrical impedance. 

The reactance varies with the frequency of the 

current. Its reciprocal is admittance. 
Power, the time rate of transforming energy, 

(commonly measured in watts, kilowatts or 

horsepower) is directly proportional to both 

the voltage and current. A watt is the power 

expended in T joule in 1 second or 10,000,000 

ergs in 1 second. An erg is the work accom- 

plished by a force of 1 dyne exerted through 
1 cm. 

Active power is the time average of instan- 

taneous a-c power: 

P = El cosh (1) 
Apparent power is the a-c product of volt- 

age times current: 

Pp =: FE] (2) 
The power factor is the ratio of active 
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power to apparent power: 
P = P/P’ = cosd (3) 

Power loss may be determined by the re- 
-active power, measured in vars (volt-ampere 

reactive) and is the product of the reactive cur- 

rent times the effective voltage. This may be 

equated: 7 

ps BS El sing (4) 
The reactive current, /|,, sometimes referred 

to as wattless current or quadrature current, 

contributes to power losses without contrib- 

uting usable power. This current can be 

equated: 
I = / sind (5) 

To minimize PR losses, the phase angle can 

be reduced to its lowest value consistant with 

other circuit requirements. A phase angle of 

zero produces no reactive current. 

The active current may be considered as the 

current divided by the cosine of the phase 

angle while the effective resistance may be 
equated as the actual resistance divided by 

the efficiency. 

TO USE THE NOMOGRAPH: 

D-C CIRCUITS: , 

To Determine the Power: 

1) Extracting the decimals, select two of the 

following: 

a) The resistance on the left line 

b) The current on the right line 

c) The voltage on the line at center 

2) Align these values to intersect the power 

on the line second from right. Restore the 

decimal notation as indicated. 
To Determine the Resistance: 

1) Extracting the decimals, select two of the 

following: | 

a) The current on the right line 

b) The power on the next line 

c) The voltage on the line at center 

2) Align these values to intersect the resis- 

tance on the left line. Restore the decimals as 

indicated. 

To Determine the Voltage: 

1) Extracting the decimals, select two of the 

following: 7 

a) The current on the right line 

b) The power on the next line 

c) The resistance on the left line 

2) Align these values to intersect the voltage 

at center. Restore the decimals as indicated. 

To Determine the Current: 

1) Extracting the decimals, select two of the 

following: 

a) The resistance on the left line 
b) The power on the line second from right. 

c) The voltage on the centerline 
2) Align these values to intersect the current 

at right. Restore the decimals as indicated. 

Example: 
What is the power when the current is 2 

amps and the resistance is 5 ohms? 
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dissipated without significant change for more than 50 
days. Fe30, appears to be the conducting element and the 

glaze was probably fired in air. 
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Pag hn iumersion test, sinilar to the: Preece “test / tor galvanized stecl, : 

a deveiapsat ‘for determining the uni formity and thickness of the aluminum 

coating 0 on aluminized steel. A variety of etching ‘solutions were explored. 
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ABSTRACT 112 steel has been hot-dip aluminized, 
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appearance, mechanical properties and corrosion 

esistance, have been examined. 
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CONCLUSION : | 
Better aluminum coatings were obtained on 

ild steel without any flux preparation. Aqueous 

lux solutions had no significant advantage, while 

olten fluxes appear desirable for larger ferrous 

arts to obtain uniform coating thickness. 

The presence of 3% Fe in a commercially 
ure aluminum bath increased coating thickness up 

to 25% with no significant effect on ductility or 
corrosion resistance. 

Accelerated corrosion tests show the 

Superiority of aluminized steel in industrial- 

type atmosphere. 
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SPRAY APPLICATION OF SILICONE GREASE 
TO COMBAT INSULATOR SURFACE CONTAMINATION 

By R. H. Lester 
Ceramic Research Engineer 

Insulator Department 
General Electric Company 

Industrial and natural contaminations have created 
operating problems on electric utility systems for many 
years. Attempts to nullify the effects of these contam- 
inants on electrical insulators have included special 
insulator designs, umbrella shields of varying shapes, high 
pressure washing equipment, and the application of special 
waxes, oils, and greases. Each method has its specific 
benefits and shortcomings. 

Over-insulation, the use of insulators larger than nor- 
mally required, has solved many problems. Special fog 
type insulators, built with lengthened leakage distances, 
have been used with reasonable success in a number of 
areas. This added leakage distance may not be sufficient 
when considering the tremendous decrease in surface 
resistance caused by the electrolytic form of the moistened 
contaminants. . 
Periodic washings with high pressure water jets has 
been necessary in some areas. In some local applications, 
it has been a practice to take a station out of service for a 
period of time, remove the insulators, clean them by hand 
with special preparations, and replace them. Boiling in 
caustics has sometimes been necessary to remove certain 
bonding contaminants. 

An early approach to the solution of the contamination 
problem was the trial of surface treatments with oils, 
waxes and greases, but the organic nature of these 
materials often resulted in their rapid deterioration under 
corona conditions. In October 1950, a silicone fluid, (see 
page 6, Ref. 1), was introduced and showed considerable 
improvement over the organic material. Other noteworthy 
investigations have since been made in the use of silicone 
greases and waxes, (see page 6, Refs. 2, 3, 4 and Sag time 
1958 a forward step in the solution of contamination 
problems was made by the introduction of a new silicone. 
This new silicone is suitable for use in the conventional 
grease form but has the outstanding advantage in that it 
may be placed in solution for spray application. 

a 

Field and laboratory tests show that the liquid silicone 
can be applied to moderately contaminated insulators 
without the necessity of first cleaning the insulator to 
remove the contaminant and successful reapplication of 
the liquid silicone has been achieved. with cost savings 
benefits by simply spraying over dirt saturated orease, 
The purpose of this article is to explain the coating theory 
of the new silicone and to briefly describe the laboratory 
testing required to demonstrate its effectiveness. 

THEORY OF SILICONE FUNCTIONING 

The theory of the use of the early silicone waxes was to 
provide a hard, smooth surface, and to hinder the dis- 
solved contaminating salts from spreading by capillary 
action. The wax tends to “bunch” the moisture droplets, 
retarding the formation of a continuous electrolytic film, 
hence the low resistance paths are broken up, reducing 
the flow of leakage current and the formation of exces. 
sively distorted voltage gradients. 

The intent of the new silicone is three-fold. The first js 
to accomplish the same droplet “bunching” obtained by 
the waxes, the second is to provide a thick durable layer 
of silicone capable of prolong weather exposure, and the 
third is to provide a material that engulfs the individual 
contaminating particles as they are deposited on the sili- 
cone surface. The result of the third factor is that the 
engulfed particle is prevented from becoming an elec- 
trolyte through the exclusion of its contact with moisture. 
Yo better understand the hydrophobic, or water shed- 
ding, properties of the ~silicone greases consider the 
solid-liquid-gas system shown in F igure 1, (Also see page 
6, Refs. 6 and 7.) This figure depicts the equilibrium that 
exists between a water droplet, air, and a silicone grease 
surface. _The phases present contact each other along a 
line such that the points X are intercepts. There are three 
interfacial energies involved in the system, each of which 
tends to minimize the area of its own interface. They are 
represented in the figure by the vectors YSG; YSU and yg. Vector yzq tangential to the liquid surface at 
X forms with the solid-liquid interface an angle ®, which 

LIQUID 

Figure 1 
Schematic of Contact Angle Showing 

Interfacial Forces Acting on a Liquid Drop 
on @ Solid Plate in Air 
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Industrial and natural contaminations have created 
operating problems on electric utility systems for many 
years. Attempts to nullify the effects of these contam- 
inants on electrical insulators have included special 
insulator designs, umbrella shields of varying shapes, high 
pressure washing equipment, and the application of special 
waxes, oils, and greases. Each method has its specific 
benefits and shortcomings. 

Over-insulation, the use of insulators larger than nor- 
mally required, has solved many problems. Special fog 
type insulators, built with lengthened leakage distances, 
have been used with reasonable success in a number of 
areas. This added leakage distance may not be sufficient 
when considering the tremendous decrease in surface 
resistance caused by the electrolytic form of the moistened 
contaminants. 

Periodic washings with high pressure water jets has 
been necessary in some areas. In some local applications, 
it has been a practice to take a station out of service for a 
period of time, remove the insulators, clean them by hand 
with special preparations, and replace them. Boiling in 
caustics has sometimes been necessary to remove certain 

bonding contaminants. 

An early approach to the solution of the contamination 
problem was the trial of surface treatments with oils, 
waxes and greases, but the organic nature of these 
materials often resulted in their rapid deterioration under 
corona conditions. In October 1950, a silicone fluid, (see 
page 6, Ref. 1), was introduced and showed considerable 
improvement over the organic material. Other noteworthy 
investigations have since been made in the use of silicone 
greases and waxes, (see page 6, Refs. 2, 3, 4 and 5.) In 
1958 a forward step in the solution of contamination 
problems was made by the introduction of a new silicone. 
This new silicone is suitable for use in the,conventional 
grease form but has the outstanding advantage in that it: 
may be placed in solution for spray application. 

Field and laboratory tests show that the liquid silicone 
can be applied to moderately contaminated insulators 
without the necessity of first cleaning the insulator to 
remove the contaminant and successful reapplication of 
the liquid silicone has been achieved with cost savings 
benefits by simply spraying over dirt saturated grease. 
The purpose of this article is to explain the coating theory 
of the new silicone and to briefly describe the laboratory 
testing required to demonstrate its effectiveness. 

THEORY OF SILICONE FUNCTIONING 

The theory of the use of the early silicone waxes was to 
provide a hard, smooth surface, and to hinder the dis- 
solved contaminating salts from spreading by capillary 
action. The wax tends to “bunch” the moisture droplets, 
retarding the formation of a continuous electrolytic film, 
hence the low resistance paths are broken up, reducing 
the flow of leakage current and the formation of exces- 
sively distorted voltage gradients. | 

The intent of the new silicone is three-fold. The first is 
to accomplish the same droplet “bunching” obtained by 
the waxes, the second is to provide a thick durable layer 
of silicone capable of prolong weather exposure, and the 
third is to provide a material that engulfs the individual 
contaminating particles as they are deposited on the sili- 
cone surface. The result of ‘the third factor is that the 
engulfed particle is prevented from becoming an elec- 
trolyte through the exclusion of its contact with moisture. 

To better understand the hydrophobic, or water shed-— 
ding, properties of the silicone greases consider the 
solid-liquid-gas system shown in Figure 1. (Also see page 
6, Refs. 6 and 7.) This figure depicts the equilibrium that 
exists between a water droplet, air, and a silicone grease 
surface. The phases present contact each other along a 
line such that the points X are intercepts. There are three 
interfacial energies involved in the system, each of which 
tends to minimize the area of its own interface. They are 
represented in the figure by the vectors ygq, ysu 
and yrq. Vector yr¢ tangential to the liquid surface at 
X forms with the solid-liquid interface an angle ®, which 
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Figure I 

Schematic of Centact Angle Showing 
Interfacial Forces Acting on a Liquid Drop 

on a Solid Plate in Air 



SPRAY APPLICATION OF SILICONE GREASE 

TO COMBAT INSULATOR SURFACE CONTAMINATION 

By R. H. Lester 

Ceramic Research Engineer 
Insulator Department 

General Electric Company 

Industrial and natural contaminations have created 
operating problems on electric utility systems for many 
years. Attempts to nullify the effects of these contam- 
inants on electrical insulators have included special 
insulator designs, umbrella shields of varying shapes, high 
pressure washing equipment, and the application of special 
waxes, oils, and greases. Each method has its specific 
benefits and shortcomings. 

Over-insulation, the use of insulators larger than nor- 
mally required, has solved many problems. Special fog 
type insulators, built with lengthened leakage distances, 
have been used with reasonable success in a number of 
areas. This added leakage distance may not be sufhcient 
when considering the tremendous decrease in surface 
resistance caused by the electrolytic form of the moistened 
contaminants. 

Periodic washings with high pressure water jets has 
been necessary in some areas. In some local applications, 
it has been a practice to take a station out of service for a 
period of time, remove the insulators, clean them by hand 
with special preparations, and replace them. Boiling in 
caustics has sometimes been necessary to remove certain 
bonding contaminants. 

An early approach to the solution of the contamination 
problem was the trial of surface treatments with oils, 
waxes and greases, but the organic nature of these 
materials often resulted in their rapid deterioration under 
corona conditions. In October 1950, a silicone fluid, (see 
page 6, Ref. 1), was introduced and showed considerable 
improvement over the organic material. Other noteworthy 
investigations have since been made in the use of silicone 
greases and waxes, (see page 6, Refs. 2, 3, 4 and 5.) In 
1958 a forward step in the solution of contamination 
problems was made by the introduction of a new silicone. 
This new silicone is suitable for use in the conventional 
grease form but has the outstanding advantage in that it 
may be placed in solution for spray application. 

Field and laboratory tests show that the liquid silicone 
can be applied to moderately contaminated insulators 
without the necessity of first cleaning the insulator to 
remove the contaminant and successful reapplication of 
the liquid silicone has been achieved with cost savings 
benefits by simply spraying over dirt saturated grease. 
The purpose of this article is to explain the coating theory 
of the new silicone and to briefly describe the laboratory 
testing required to demonstrate its effectiveness. 

THEORY OF SILICONE FUNCTIONING 

The theory of the use of the early silicone waxes was to 
provide a hard, smooth surface, and to hinder the dis- 
solved contaminating salts from spreading by capillary 
action. The wax tends to “bunch” the moisture droplets, 
retarding the formation of a continuous electrolytic film, 
hence the low resistance paths are broken up, reducing 
the flow of leakage current and the formation of exces- 
sively distorted voltage gradients. 

The intent of the new silicone is three-fold. The first is 
to accomplish the same droplet “bunching” obtained by 
the waxes, the second is to provide a thick durable layer 
of silicone capable of prolong weather exposure, and the 
third is to provide a material that engulfs the individual 
contaminating particles as they are deposited on the sili- 
cone surface. The result of ‘the third factor is that the 
engulfed particle is prevented from becoming an elec- 
trolyte through the exclusion of its contact with moisture. 

To better understand the hydrophobic, or water shed- 
ding, properties of the silicone greases consider the 
solid-liquid-gas system shown in Figure 1. (Also see page 
6, Refs. 6 and 7.) This figure depicts the equilibrium that 
exists between a water droplet, air, and a silicone grease 
surface. The phases present contact each other along a 
line such that the points X are intercepts. There are three 
interfacial energies involved in the system, each of which 
tends to minimize the area of its own interface. They are 
represented in the figure by the vectors ysq, ysu 
and yzuq. Vector yrq tangential to the liquid surface at 
X forms with the solid-liquid interface an angle ®, which 
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Engineering Comments 
File #4412 

Baltimore, October 30, 1961 

Mailing List 9 Tab D 

Subject: INSULJEL-INSULGREASE PRESENTATION AT DETROIT EDISON 

Attached you will find a copy of a presentation given to Detroit Edison | 
and information on the small pressure sprayer we found useful for spraying INSULJEL. Many of the utilities will have these sprayers in their shops, 
but if this is not the case, the investment is only slight and will soon save the dollars spent on aerosol cans. Packing replacements are required 
from time to time, but this is a Simple purchase and the packing cost but 
four cents. 

Presentations such as attached can be made most effective when we hear 
from each of you in the field. Each innovation or new use of INSULJEL 
and INSULGREASE is a potential piece of sales promotion. My thanks to 
Paul Jorgenson and Heintz Burnham who have been feeding back this field 
information enabling us to talk about our good points and improve upon 
our weak ones. 

Ronald H. Lester 
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UNION SILICONES DIVISION. 

CARBIDE 
UNION CARBIDE CORPORATION 

270 PARK AVENUE, NEW YORK 17, N. Y. 

Mr. B.E. Kingsbury, Supv. 

High Voltage Lab. 

General Electrie Company 

So. Charles & Cromwell Sts 

Baltimore 30, Md. 

Dear Sir: 

Thank you for inquiring about our new UCAR Silicone Metal 

Protectants. We appreciate your interest. 

I believe you will find that the enclosed Product 

Information and Price Bulletins will answer most of the questions you 

may have. However, we would like to call to your attention the fact 
that, due to their limited shelf life at room temperature, these 
iaterials are not suitable for aerosol packaging. Also, they cannot 
e used on silver or pewter hollowware, although a product for this 

pplication is available under separate license. 

To facilitate your preliminary evaluation of UCAR Metal 

’rotectants, we have established a Sample Treating Service which you 
vill find fully described in the enclosed Customer Service Bulletin, 

| 
| | 

| 

| 

| 

| ] 

| 

Se 

\ 

= ee ee 

For your convenience in ordering samples for in-plant 

evaluation, we have enclosed a Sample Order Form and reply envelope 

which may be used to order the minimum sized one pint samples at $15.00 

per pint. 

If you have any further questions, why not use the back of 

this letter and the reply envelope, or if you wish, you can contact 

any Silicones Division Sales Office for further information. 

Thank you again for your interest. We hope that you will 

evaluate UCAR Metal Protectants at your earliest convenience, and see 
for yourself how these new materials can help you solve your corrosion 

problems. 

Very rul yours, 

A ae Ae 

oe Manager 

GFB/em 
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Oe Ficortunze FOR RELIABILITY EVALUATIONS OF TRANSMISSION SYSTEMS 

eee Ringlee | S.D. Goode 

General Electric Company 
Schenectady, New York 

ABSTRACT 

| A step-by-step procedure for reliability 
evaluations of transmission systems is described 
in this paper. Simple algebraic results for pre- 
diction of frequency and duration of transmission 
contingencies are obtained with the use of renewal 
process theory. | | 

INTRODUCTION 
A continuing interest in quantitative reli- 

ability evaluations of transmission systems has 

prompted the preparation of this paper. With the 
substantial progress that has been made in the 
perfection of methods for simulating network 
power flows by fast methods on digital computing 

machines, the time for the general realization of. 
quantitative transmission system reliability 

evaluations may be near. One limiting area 

appears to be the practical, rapid evaluation of 
stability limits. Techniques for predicting the 
frequency with which certain transmission con= 
tingencies will occur have been known for some 
time. The combination of rapid simulation 

methods with event prediction techniques may 
offer a practical method for carrying out trans- 
mission system reliability evaluations. To the 
already substantial body of technique published 
on the subject of transmission system reliability, 
this paper offers a generalization of the con- 
cepts of the component run-fail-repair "life 
cycle" and describes a step-by-step procedure 
for performing reliability evaluations. Com- 
ponent reliability/availability models have been 
investigated using renewal processes. The tech- 
niques described have proved quite feasible for 
hand as well as machine computations. 

RESUME OF RECENT EFFORTS 

Suggestions of numerical reliability criteria 
for transmission and distribution systems extend 
back at léast three decades to Dean! who reported 
on interruption frequency and duration measures 
as an aid in decisions to modify circuit protec- 
tion arrangements. Frequency and probability 
measures were suggested for generation and trans- 
mission systems nearly four decades ago by Lyman? 
and Smith.3 . 

Cohn4 suggested a criterion for generation 
and transmission reliability based upon the risk 
of overlapping transmission and generation out- 
ages. Todd? developed a probabilistic approach 
for transmission and distribution circuits. 
Treating circuit and component outages as inde- 
pendent events, he developed expressions for the 
probability of outage of one or more series- 
connected components and the probability of over- 
lapping outage of parallel paths. Todd's criteria 

1 

was based upon each outage lasting 24 hours, or 
conversely, counting "one day" interruption for 
an outage event. Two outages overlapped if they 
occurred within the same 24-hour span. It is, 
interesting to note that the component failure 
rate expressed in failures per day will be very 
closely estimated by Todd's component probability- 
of-outage. Parallel paths were assumed to be 
fully redundant such that the criterion of suc- 
cess could be measured by the existence of a path 
from the source to the load. 

Modeling of repairable systems was greatly 
enhanced by the use of the Markov Chain with 
continuous time parameter. Barlow and Hunter® 
gave a brief analysis of such an approach, and 
DeSieno and Stine’ presented a state-description 
approach which employed Boolian Algebra and 
Markov Chains for the analysis of system reli- 
ability problems. The Boolian Algebra approach 
has been applied by Esser, Wasilew, and Egly.8 
Effects of less than full redundancy in parallel 
circuits, effects of environmental states and of 
scheduled outages were investigated by Gaver, 
et al? and Montmeat et al. Formulas were 
developed for the prediction of the frequency and 
duration of outages in series and parallel paths. 
This work was extended by Mallard and Thomas!l 
to multiple path transmission circuits. Expres- 
sions were developed for the probability of path 
overload given that specified paths were out of 
service. Path overload contingency curves were 
developed for cases of single and multiple path 
forced outages. Patton, in a discussion of the 
paper, questioned the method employed to estimate 
the risk of cascading outages, of overload out- 
ages precipitated by other overload outages. The 
essential point in question was the degree of core 
relation between loads at various points in the 
system and upon various components. It was 
Patton's observation that there was a definite 
correlation between loads which must be accounted 
for in probabilistic models of overload occur- 
rence. 

Methods of analysis and criteria discussed 
so far were directed to the prediction of inter- 
ruptions at specific points in a network. While 
the methods are readily adaptable to predictions 
of broader scope, the preparation of numbers of 
individual "reliability diagrams" or diagrams of 
paths between sources and load points appears to 
be needlessly repetitive. An alternative 
approach, long used in reliability predictions, 
literally a state-enumeration technique, offers 
an alternative for developing predictions of 
system effect rather than load-point effect. 
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CORONA AND RIV INVESTIGATION ON INSULATORS 

AND RELATED CONDUCTOR SUPPORT ACCESSORIES \ : 

J. Kaminski, Jr. 

 . purpose of this paper is to publish results of RIV investigations on insulators 

elated hardware carried out at the High Voltage Laboratory in Baltimore. 

' ghe general area covered by this report is: 

RIV and Corona Performance of Long Insulator Strings 

Comparison of RIV and Corona Performance Between Rod Type 

and Suspension Insulators 

Comparison of Single and Bundled Conductor Shielded and 

Unshielded Arrangements for 460 kv Operation. 

Comparison of Shielded V String Assemblies for 345 kv and 

460 kv Operation 

| PERFORMANCE OF LONG INSULATOR STRINGS 

Investigations were carried out on long strings of insulators using conventional 
5-3/4 x 10-inch standard suspension insulators in single and quadruple strings of 34 
units per string. Independent measurements of the test equipment were made including 

readings with the 600 mmf capacitor located in several different -locations in the 
aboratory, to obtain the minimum of RIV background noise in order to obtain the 

‘Lowest possible effect on subsequent tests. A 4-1/2 inch 0.D. aluminum conductor was 
attached to the capacitor and supported from overhead by a glass rope. A control ring 

was used to suppress the possible corona effects of the supporting hardware. An attempt 

was made to place the ring in such a position that its influence on the lower units would 

be minimized, Background noise measurements weremade with the test arrangement as just 
described. : 

The RIV general characteristics of long insulator strings is shown on Figure 1 as 

gradual ascending RIV levels with major distortions to the pattern occurring at corona 

onset points. Observations show that the highest stressed area occurred on the bottom 

insulators at the base of the cap. The presence of glow type corona was readily detect- 

able at the values shown on the curve., The variation in corona readings, as well as RIV 
values between single and quadruple strings, can be attributed to a difference in grading 
effect provided by the control ring used to shield cable support hardware. 

In order to minimize the effect of the insulator string as a source of RIV, further 
investigations were made with quardruple strings of insulators to determine the appro-~- 

priate shielding required for improvement of corona onset voltages. Subsequent tests 
made with variations in shielding positions resulted in corona starting voltage of 396 kv 
for a quadruple string as compared to 214 kv without insulator shields, 

COMPARISON BETWEEN SPECIAL ROD TYPE INSULATORS 

AND STANDARD SUSPENSION INSULATORS 

a special rod type insulators each having a dry arcing distance of 20 inches and a 
leakage distance of 37 inches were used in the following test. Each rod type insulator 
was substantially equivalent to a string of three standard suspension insulators having 
a 5-3/4 inch spacing. 
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Part I 

== ee EE ee SM ae = 

and its Effect on Insulation 

—aqa Résumé 

By T. W. Liao, Consulting Engineer, High Voltage Laboratory, Transformer 
Division, General Electric Company, Pitisfield, Mass. 

Foreword: This article tells what corona is and how it occurs, as well as cover- 

ing. us inception and effect on insulation. Corona in electrical equipment is also 
discussed. The paper reviews the subject of corona and its effects based on 
some of the pertinent published articles in this field. The references cited give 
leads to many findings which broaden what is briefly discussed here. This article 
is of @ comprehensive nature primarily written for the users and manufacturers 
of electrical and electronic equipment who are not very familiar with the subject. 

What Corona Is 

Once, a questionnaire was sent to 

several people asking them to give 
their description of what “corona” is. 

There were a variety of answers such 

as: (1) corona gives a hissing sound 
and an ozone smell; (2) corona is a 

bluish glow discharge in air; (3) 
corona is an electromagnetic phenom- 
enon causing radio interference; (4) 
corona is a form of ionization in a 

_ piece of electrical equipment sometimes 

causing damage to its insulation; and 
(5) corona is the luminous envelope 
surrounding the sun, seen only during 
a total eclipse. Apparently the last 

statement came from an astronomer. . 

All of these answers are right and 
strangely, there are many more right 
answers, each signifying a method of 

sensing or detecting the phenomenon 
known as However, this 
article will deal primarily with the sub- 

ject matter of the fourth answer— 

“corona.” 

18 Insulation, March 1957 

corona ts a deadly enemy to electrical 

insulation. | 

How Corona Occurs 

Corona can occur only in insulating 

media such as air or other gases, oil 

_or other liquids, and paper or ‘other 

Under normal 

conditions.. all such substances consist 

insulating materials. 

of myriads of neutral molecules and a 

relatively small number of free harm- 

less-electrons bearing negative electric 

charges. However, under high electric 

stress, the electrons are accelerated to 

such high speeds that by virtue of col- 

lision, they can break up the neighbor- 
ing neutral molecules into two types of 

charged particles—-positive ions and 

more free electrons which in turn can 

break up more neutral molecules. This 

chain reaction gives rise to millions of 

‘free ions and electrons existing in a 

called. corona. turbulent condition, 

which manifests itself in many different 

ways. 

Corona Inception. 

The question of how high an electric 

stress this chain reaction will start is 

of great importance to the design of an 
clectrical system. For instance, the 
critical voltage (V,.) for a transmission 

line of smooth conductors in terms of 

the spacing between conductors (S), 
the radius (r), and the air density {d) 

is given by!: pee 

V. (KV rms.to neutral) =123 rd log | 

S 

r 
For a more complicated system, 

which corona may occur in an air gay 

between solid insulating materials, the 

corona. starting voltage can be de 
termined by means of a. graph?*. a» 
shown in Figure 1. For an electrode 

system consisting of two 14-inch diam 

eter square edge electrodes on opposite 
sides of a sheet of insulation, the vol - 

age (V..) at which corona starts on the 
surface of the insulating materials wv 

given by!: 

V, (V-rms) =720( - 0.46 
ES ban a LE A ee Loe oe tine 0 nn wert OT in et 

i eto ie 

Ce ee a ne een eee ee nee 
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Internal Corona Spaces in Cables 

~ Manometric Detection of Internal Corona and 

Autographic Mapping of Corona Spaces 

D. W. KITCHIN 
ASSOCIATE MEMBER AIEE 

Synopsis: This paper describes two 
methods of studying corona spaces in 
cables between insulation and conductor. 
The manometric method makes it possible 
to determine the internal corona level 
unambiguously. Effects of outside elec- 
trical disturbances are, excluded. There 
appears to be no upper voltage limit to the 
applicability of this test. It is performed 
by observing on a sensitive manometer 
the pressure decrease inside the cable that 
results from absorption of oxygen activated 

by corona discharge. These studies have 
been carried out principally with poly- 
ethylene, but also with rubber, polyvinyl 
chloride, silicone, Teflon, and glass. In the 

autographic method silver is deposited on 
all copper surfaces accessible to the silver 

cyanide solution. This clearly maps the 
projection of the corona spaces on the 
conductor. The method is extremely 

simple and the results are direct and 

conclusive. 

4N THE MANUFACTURE, and espe- 

cially in the development of high-volt- 

age cables, it is necessary to be able to 

measure the voltage at which corona, or | 

ionization, occurs. Discharges can take 

place outside the insulation, in voids 

entirely within the insulation, or between 

insulation and conductor. If there is 

strand shielding, corona may exist be- 

tween this and the insulation wherever 

they are separated, for example, by severe 

bending. 

Much interest is attached to the prob- 

lem of eliminating internal corona spaces 
- between insulation and conductor. The 

conventional method at present is to use 

semiconducting strand shielding. This is 

done on the theory that the insulation is 

not sufficiently tight on the conductor, or 

at any rate may become so loosened dur- 

ing installation that corona spaces are 

formed. The other approach to this 
problem is to try to apply the insulation 

in such a way that it remains tight even 

Paper 57-711, recommended by the AIEE Di- 
electrics Committee of the Communication and 
Electronics Division and approved by the AIEE 
Technical Operations Department for presentation 
at the AIEE Summer General Meeting, Montreal, 
Que., Canada, June 24-28, 1957. Manuscript 
submitted March 25, 1957: made available for 
printing April 26, 1957. 

D. W. Kircuin and O. S. Pratt are with the Sim- 
plex Wire and Cable Company, Cambridge, Mass. 

O. S. PRATT 
NONMEMBER AIEE 

after bending at least as severe as any 

likely to occur during installation. 

Whether or not this has been accom- 

plished in any particular case seems at 

present to be a matter of conjecture 

based on results of indirect tests. If real 

progress is to be made it is necessary to 

have an unambiguous means of detecting 

this type of corona and distinguishing it 

from corona in other regions of the cable, 

or even from corona in the test equip- 

ment. The manometric test accomplishes 

this. | 
The autographic mapping applies only 

to cable without strand shielding. It 

marks distinctly those regions where there 

are gaps between conductor and insulation 

in which corona will occur above some 

threshold stress. It is a destructive test, 

but it requires only a few feet of sample, 

and it appears to be more sensitive than 

the manometric test. As evidence of 

presence or absence of corona spaces 

around the conductor it is conclusive. 
This paper is concerned exclusively with 

the detection of this type of internal 

corona, and with mapping the spaces 

All ratings and test » where it can occur. | 

voltages in this study are 60-cycle rms. 

Principle of the Manometric Method 

The manometric method differs from 

the customary corona tests in that it 

depends on chemical rather than electrical 

effects. The only electric equipment 

involved is the source of voltage. 

When corona occurs in air spaces be- 

tween conductor and insulation there is 

an immediate and irreversible decrease in 

internal gas pressure. Itis convenient to 

call this ‘‘corona absorption.’’ The rate 

of pressure drop increases rapidly as the 

voltage is raised above the onset value. 

If a stopcock is connected at one end of 
a cable and a sensitive manometer at the 

other, the pressure changes observed at 

various stresses can be used as a criterion 

of existence of internal corona.. 

Corona absorption is a result of the 

action of electrical discharges on. the 

oxygen present in the corona spaces. 

If the air is replaced by pure nitrogen 
there is no absorption even though severe 
corona is present. Traces of oxygen, 

whether residual oxygen, or oxygen that 

diffuses in through the wall, produce a 

detectable pressure ‘drop as soon as there 

is internal corona. Two mechanisms can 

contribute to this pressure decrease: (1) 

chemical reaction of activated oxygen 
with the insulation, and (2) contraction 
resulting from the reaction 302203. 

In cables with the usual organic insulation 

both actions probably occur, with chem- 

ical absorption the predominant one. 

Fortunately, an exact understanding of 

the chemistry is not nécessary in order to 
take advantage of the phenomenon. 

Whatever the mechanism, the mano- 

metric test provides an unambiguous 

criterion of internal corona. This method 

has been used successfully up to 120 kv 
on cables with polyethylene insulation. 

The upper limit is set only by the break- 

down strength of the test sample or the 

power of the voltage supply. Cables in- 

sulated with polyethylene, rubber, silicone 

and polyvinyl chloride have been tested. 

This test can reveal whether the in- 

sulation is orginally tight, or the strand 

shielding effective, and how much bend- 

ing a cable can tolerate without suffering 

a dangerous lowering of the internal 

corona level. 

Principle of Autographic Mapping 

Since corona in the spaces involved in 

this study manifests itself by a change in 
the manometer reading, these spaces must 

be connected by channels, so that they 

are accessible to a liquid. Wherever 

silver cyanide solution can contact the 
copper conductor a bright silver coating 

deposits. Thus gaps between insulation 

and the outside surfaces of a stranded 

conductor can be mapped, so that they 

can be examined or photographed after 

removal of the insulation. To make cer- 

tain that the solution reaches the voids 
one end of the sample is connected to a 

vacuum pump while the other dips in the 

solution. 
This method of detecting corona 

spaces is more searching than the mano- 

metric test. If in a given cable the 

amount of corona space is very small the 

pressure change resulting from corona 

absorption may be masked by fluctuations 

caused by variations in ambient tempera- 

ture or pressure. The silver mapping 

method is free of these troubles. It can 

serve equally well where insulation having 

high dielectric loss would develop too 

much heat to permit use of the mano- 

metric test. 
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PULSE DISTRIBUTION ANALYZER FOR CORONA ANALYSIS 

ABSTRACT 

This report describes a new instrument which can determine the 

amplitude distribution of electrical pulses generated by corona discharges. 

The corona signal is fed from a wide band amplifier to the "Pulse Distribution 

Analyzer" which counts the number of pulses that fall within a specified band 

Bath. This band (or window) can be continuously moved from O until che laren’ 

pulse Pap iitide has been reached, counting only those pulses whose amplitudes 

P fall at any voltage {iy binge range o ‘The pulse distribution is displayed on an 

beeilloscope. The amplitude of Dae Gules petke counted positions the trace 

on the X axis of the oscilloscope. A count rate voltage, proportional to the 

_ number of pulses whose amplitudes fall within the window, positions the trace 

on the Y axis of the oscilloscope. Photographs are shown of the pulse dis- 

_ tribution of corona produced using melamine glass laminate stressed at 6,100 

volts and of corona produced using polyethylene stressed at 7,000 volts. 
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CONTROL OF (CORONA)AND RADIO 
INFLUENCE VOLTAGE-ON DISCONNECTING 

SWITCHES FOR 330 KV 

J. B. OWENS* 

MEMBER AIEE 

INTRODUCTION 

The development of electrical equipment for operation at 330,000 volts has placed 

new emphasis on the problem of control of visual corona particularly as it relates to 

radio influence. The close relation between the start of corona and the threshold of 

radio influence has been demonstrated, 1, 2 and the maintenance of satisfactory levels 

of radio noise depends upon proper attention to corona control in apparatus design. 

The widespread use of television receivers in fringe areas has intensified this problem, 

This design of disconnecting switches to operate at this voltage required the 

development of several new shielding techniques for various switch components. A new 

Switch has been tested which demonstrates a high corona starting voltage and an ex- 

ceptionally low level of radio influence at normal operating voltages. The data 

gathered on effective shield sizes, and the techniques employed, may well find appli- 

cation on other high voltage apparatus. 

PRELIMINARY TESTS 

Work by Pakala and Fahrnkopf in the Trafford laboratory of the Westinghouse Elec- 

tric Corporation to determine the radio influence threshold voltage for conductors of 

various diameters was of great value in determining the design specification for a 

switch to operate at 330 kv. Their work indicated that a stranded dry conductor re- 

quires a 1/2 inch minimum radius to achieve an r.i. threshold of 330 kv. To allow for 

adverse effects of rain and field discontinuities in practical switch design a one inch 

minimum radius was established for all unshielded parts. 

To determine the proper termination of a tubular switch blade standing vertically 

in the open position, a test was made using a 3-inch outside diameter tube 13 feet in 

length mounted on an insulator column of seven 14-1/2 inch high insulator units. The 

tube was vertical and its upper end was approximately 30 feet below the ceiling beams 

in @ Shielded room. Spun brass spheres of various diameters were attached to the end 

of the tube and the start of visual corona determined with the following results: 

SPHERE DIAMETER | CORONA STARTING VOLTAGE 

INCHES KV 

3 175 

227 

6 285 

* Westinghouse Electric Corporation, East Pittsburgh, Pa. 
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Coupling capacitor for radio-noise measurements at the Coldwater ehv test 

project, in assembly stage. Designed for operation up to 350 kv to ground, the 

capacitor will be movable for convenience of measurement on each phase. 
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Technical Report No. IX-659-DR 

| September 29, 1959 

SUBJECT 

RIV TESTS ON BUNDLED CONDUCTOR ASSEMBLIES 

Joseph Kaminski, Jr. 

‘This report céntains: 

5 typewritten pages 

7 curves 

3 drawings 
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On Bundled Conductor Assemblies 

Joseph Kaminski, Jr. 
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l- The vroblem of Svacers for multiple conductor installation for 
high and extra high transmission oystems is certainly of egual if not of 
superior importance in tne choice of Fittings. | 

2- The experience about Soacers in the international field is still 
limited and so little known, ana the opinion so contradictiny among 
electrical line sangineers, that it is not nossible to draw statistical 
data, which mi::ht be taken as a basis for tie projecting and the choice 
of Spacers, which may ¢ive ample certainty of dependable service operation, 
also under the most precarious climateric conditions. 

3< The report of an exverienced trencn ungineer, after the tests carried 
out on a twin experimental horizontal line, is reully not very encouraging, 
and its conclusions -ive once more great eviaence to the above problem. 

hoe It is believed that the pessinism of many well known angineers, | 
specialized in the construction of high transmission lines, is due to the 
fact that they have not been able, so far, to dispose of Spacers 
Summarizing all the necessary requirements, 

: The troubles which have been disclosed in those countries where 
multiple condictor lines have been rullt, have however nermitted to 
determinate the characteristics a aevenaable Spacer should have to 
embody. | 

5 « Our own experience in this field nas led us to the conviction that 
a reliable Snacer should summarize the following main requirements: 

a) - The clamps connected with tn conauctors must absolutely avoid any 
slinoing, also under the action of most violent wind, irregular snow 
and ice overloads, 
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THE USE OF AND EXPERIENCE WITH 
BUNDLED CONDUCTOR LINES 
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Exchange, New Orleans, Louisiana, April 7 & 8, 1955 

GENERAL 

Although bundled conductors are usually associated with transmission © 
lines of 230 KV and above, our Company has made use of this type of construction 
as an economical means of handling increased loads on two existing transmission 
lines in the lower voltage class. 

This paper will outline the reasons for the selection of bundled conduc- 
tors on two of Carolina Power & Light Company's 110 KV transmission lines; some 
of the problems involved, which are common to bundled conductor lines irrespective 
of whether or not they are used in the high voltage class or as we made use of this 
type of construction; and our operating experience with these two lines. 

ADVANTAGES OF BUNDLED CONDUCTORS 

Some of the advantages offered by the use of bundled conductors as a 
means of handling“increased loads on these two lines, as compared to other plans 
which were considered, all of which were the single-conductor type of construction, 
are as follows: 

1. Lower construction cost. 

ee The reuse of the existing conductor fittings and other 
accessories, This advantage was of real importance as 
it eliminated the return of these items to the Warehouse 
and the possibility of a slow turnover, and possible 
junking of the fittings and accessories. 

3. <A reduction in reactance in the order of 25%. Although 
this factor is of greater importance in the high voltage 
lines, it was still a very important factor in our appli- 
cation. 

. In addition to the above major factors, bundling offered the following 
advantages: | 

1. A reduction in conductor temperature for a given current 
value due to the increased surface area of multiple con- 
ductors . 

2. an increase in capacitance to neutral. 



- BUNDLED CONDUCTORS FOR 
TRANSMISSION CAPACITY INCREASE 

By 

H. L. Deloney 
& 

W. L. Rush 

Louisiana Power & Light Company 

New Orleans, Louisiana — 

x | 

The possibilities of using “Bundled Conductors" for inc reasing transmission line 

 eapacity had long intrigued us as being a means of augmenting capacity of some 2000) 

miles of 115 KV Transmission lines already in service and on new lines to be built in 

the future, So in the spring of 1951 we started an investigation to determine its 

feasibility. We had as a starting point, certain information available conceming | 

some "Super-Voltage™ applications in foreign countries where bundling of three or more 

conductors per phase had been employed to solve the corem problem, but had no inmforma- 

tion as to the use of “bundling® on lower voltage transmission for capacity purposes. 

Determining electrical performance data far comparison with single conductor per 

phase construction was a matter of mathematics, The following tabulation will illus 

trate some of the electrical data for 115 KV "H*® frame cmstruction using different 

combinations of ACSR conductor sizes: — 7 : 

Resistance Reactance Charging Approx, Current 

Type of 5 Weight Ohms /Mile  Ohms/Mile Micromhos Carrying Capacity 

Line Lbs/mile 29°C _s—s-— _O._Amps r Mile Ampe res 

Bundle 2-2/0 5820 0353 2685 290 54,0 

Bundle 2-4/0 9252 0223 0657 7.07 | 680 

Bundle 2-336 0k MCH 14652 . Pe i 0591 Teak 1060 

Bundle 1-2/0 1-336.4 MCM 10236 2219 2632 7.07 790 

Bundle 1-4/0 1-336.4 MCM 11952 0185 619 7.11 B45 

Standard 2/0 Line 2910 «706 2902 493 270 
Standard 4/0 Line 4626 oh L5 »872 5.09 34,0 
Standard 336.4 MCM Line 7326 o278 78 5 30 530 
Standard 666.6 MCM Line 13581 147 - 760 5.58 B00 

Note: (A) All bundle conductor lines use a 9" subconductar spacing 

(B) Equivalent phase cmductor spacing is 17.6 ft. | 

To determine some of the mechanical and magneto-motive effects, we decided a) 

build about three spans of bundled constructions using 336,400 CM ACSR conductors fer 

tests. Test conductors were pulled in on a section of readily accessible transmission 

circuit having span lengths of approximtely 510', Tests consisted of various current 

values with phase conductor spacings of 6, 9 and 12 inches with both horizontal and 

vertical conductor arrangements, The following Curves show the values at which con- 

ductors pulled together, or just held, after being brought togethers 
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BUNDLED CONDUCTORS -- INDEX 

Characteristic Sheet No. 1473 - #18360 Suspension Tnsulator 

ee 

characteristic Sheet No. 1479 ~- #18250 Suspension Insulator 

characteristic. Sheet No. 1478 - #18251 Suspension Insulator 

sparacteristic Sheet No. 1480 - #18252 Suspension Insulator 

Dwg. U-93206 - Single Suspension Bundled Conductor with Corona Shield 

Dwg. y-93204 - Bundled Conductor Corona Shield 

= * et 

Dwg. U-93205 - Dead End Bundled Conductor 

“Dwe. U-93207 - Dead End Bundled Conductor 

Dwg. V-43659 - Socket Eye 

Dwg. V-43668 - Socket Clevis 

 Dwe. V-43657 - Ball Clevis 

Dwg. V-43634 - "Y" Clevis Socket 

"Dwg. V-43633 - “Y" Clevis Ball 

Dwe. U-93152 - Bundled Conductor Spreader 

Dwg. U-93153 - Twin Conductor Panta 

4 Dwe. U-93208 - Bundled Conductor Spreader 

Dug. W-93209 - Dead End Assemblies Fe Strain Bus Sub-stations 

Dwg. V-93210 - Bundled Conductor Assemblies 

Record of Tests - Radio Influence Voltage ~ Bundled Conductor Assemblies - Page 1 

Decora of Tests - Radio Influence Voltage - Bundled Conductor Assemblies - Page 2 

Record of Tests ~- Radio Influence Voltage - Bundled Conductor Assemblies - Dwg. 1 

Record of Tests - Radio Influence Voltage - Bundled Conductor Assemblies - Dwg. 2 
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| | Phe following tabulation of RG-/U Cable characteris- 

|) ities has: been compiled from various manufacturers’ 

iterature and presents a cross-section of the values 

Ontained therein. For the sake of completeness, all 

/) @vailable RG-/U numbers have been listed. Thus, 

_ the listings include waveguides and stub or bead sup- 
_ ported coaxial lines. For RG-/U waveguide character- 

| jistics, the reader is referred to the Rigid Waveguide 

Standards and Comparisons chart that appeared on 

|p. 51 of the Dec. 1956 issue of ELECTRICAL DE- 
SIGN NEWS. 

Cable covering and conductor information has been 

ted in order from outermost covering to. innermost 

luctor. The “Armor” is a metallic (usually alum- 

) braid which protects the outer jacket of the 

e against abnormally severe abrasion. ‘The 

ket” protects the cable from moisture, weather 

asion, and other mechanical and electrical effects. 

ket materials, as listed in the tabulation, are: 

PAC Rl... Copper tube 

CLOT OR ai. | Chloroprene 

PIGCTELOS i653)... Fiberglas braid impregnated 

with a high temperature sili- 

cone varnish for operation to 

5OOF. 

Re ee. 3 Extruded Trifluorochloroethy]- 
ene. Operates from —370F to 

+ 390F and has a high chemi- 

cal resistance. 

(0.21) 2 OO ata Lead sheath. 

Pee ack .\. ; . Non-contaminating thermo- 

plastic for use at low tempera- 

tures (to —40C). 

PeOOTen e's, 

ae Extruded black nylon. 

oS ae Polyethylene. 

UC er eS, 

“Teflon”. .....Tetrafluoroethylene. Operates 
from —Il100F to +500F. Has 

virtually no water absorption. 

_ Vinyl, Black .. .Polyvinylchloride (Vinylite) 

with a non-resinous plasticizer. 

Migration of the plasticizer 

may contaminate the dielectric, 

MWELECTRICAL i 

Guide to RG-/U Cables 

M. GoupstEIN, Electronics Engineer, American TV, Inc., Chicago, IIl. 

ay) | : For Free Reprints of the Above Article, Circle 477 on Reader-Service Card 

DESIGN NEWS—SEPTEMBER 1957 

ELECTRICAL DESIGN DATA | 

ise 
eh: x AS

I 
| 

thereby increasing attenuation 

and reducing: the breakdown 
voltage. 

Vinyl, Grey ....Non-contaminating Polyvinyl- 

chloride with resinous plasti- 

cizer. 

‘The dielectric materials as listed are: 

Copo Oa else Copolene, a combination of 

polystyrene and polyisobutyl- 

ene. 

NEE eee: Magnesium oxide, | 

Poly amt oe Extruded solid polyethylene. 

Riu 2a Fa Synthetic rubber. 

Sob OU four ml Semi-solid polyethylene  (air- 

spaced). 

So Lejoen..-) semisolid ““"Letion’. 

| 

SERCO Gin cee 45, Extruded tetrafluoroethylene. 
Has low losses, high breakdown 

voltage and good efficiency at || 

high temperatures. “Teflon” || 
dielecric is usually covered with 

one or two silver-coated or 

plain copper shield braids and 

two wrappings of “Teflon” 

tape for a moisture seal. 

eam. wots 2 1. Metlon "tape. 

Abbreviations employed for the inner conductors and q 
the shield braids are as follows: 

Gren Ae aie aS Copper 

3 les eer Siete © “Copperweld” (copper covered |} 
| steel wire) . : 

Ged oe ak ne ree ea Silver coated “Copperweld.” 

‘ies (a aed Gas ponent Tinned “Copperweld.” 

Sr ee Pe Formex F, wound in helix. 

Pee eee ae “Karma” wire. 

Ne intae FBS ....Nichrome 

Biers Pale beet ole tie Silver coated copper. 

Pet ea ae oe eS Tinned copper. 

T and Galv 

SiCel. es ze es Three braid: tinned copper, 

galvanized steel, tinned copper. 

(Continued on page 38) 
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Mr. J. J. LaForest 

PITTSFIELD 

As I discussed with you about ten days ago, we are interested in determining 

whether or not our standard suspension insulator, as per the attached 

drawing U-1840, can be designed to be more corona-free than is now the 
case. 

*» 

Let me digress for just a moment to give you a little background on the 

overall problem. As you know, our scope of business covers all types 

of line hardware, such as clamps, yoke plates, and fittings, as well as 

insulators. In fact, we are concerned with the entire assembly which 

supports the power conductor to the tower. Sometimes a customer speci- 

cation will demand that the assembly, when subjected to a given voltage, 

will have less than a specified amount of RIV. At other times the spec- 

ification will demand that there be no corona at the specified test volt- 

age. The third possibility is that both a specified RIV level and no 

visual corona will be required at the test voltage level. 

Generally speaking, it is quite feasible to design an assembly to meet 

the RIV levels specified, and the hardware parts can also be. designed 

to meet the visual corona requirements, But, it becomes quite impos- 

sible to design to eliminate visual corona from the insulators, even 

when using quite elaborate shielding (grading rings). The amounts of 

visual corona on the insulators do not usually cause very much noise 

(RIV), at least in comparison with the noise caused by a brush discharge 

on a piece of hardware. 

See the attached curve sheet which shows a generalized plot of RIV versus 

Test Voltage. The lower section of the curve will be created solely by 
insulator noise, and the upper part by corona on hardware parts. Usually, 
the RIV, as caused by the insulators, is about as shown, increasing 
linearly with test voltage. 

As far as I am concerned, where there is RIV there must be corona (at 
least 10-15 microvolts). Then, the question arises, can we correlate 
the visual corona levels on the insulators with the RIV curves? The 
answer 1s no. The visual corona levels obtained on the insulators depend 
upon a variety of things such as how dark the laboratory is, how good 
the observers vision is, and how long the observer has waited to allow 
his eyes to adjust to the darkness. This situation has created some 
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RADIO INTERFERENCE FROM E. H, V. 
TRANSMISSION LINES AND SUBSTATIONS 

ML-9, Tabs L and N 

As most of you are by now already aware, the subject of radio noise generated 

by conductors and insulator assemblies on E. H. V. transmission lines has 
been one wnich has been very controversial for some two or three years and 

there has undoubtedly been a tendency to go way overboard by many utility and 

consulting engineering organizations in the specification of very severe corona 

and radio influence voltage requirements on insulator assemblies of all kinds. 

This undoubtedly has arisen from the fear that E. H. V. lines may preduce 

trenf@ndous amount of radio interference and thus be a cause of poor public 

relations between the utility and people living in areas adjacent to or near 
EK. H. V. transmission lines. 

The relationship between radio influence voltage on insulator components 

measured in the laboratory on a directly coupled basis to the radio field 

intensity which these devices would produce on the line has not. been well 
understood in the past and it now appears that radio noise suppression on 

insulator assemblies and components has in most cases been greatly overemphasized 

far beyond the actual needs. 

At the inception of E. H. V. work in the early years after World War. II, with the 
almost complete lack of knowledge and understanding about these things, the concept 
was that insulator assemblies should never show any visible or audible corona at a 
voltage at least 10% above line to neutral voltage and that the R. I. V. on the 
components as measured in the laboratory should be held at 50 to 100 microvolts 
or lower when the assembly was energized at1l0% of line to ground voltage. This 
has resulted ina lot of costly designs with all components made with either large 
and bulky radii at the edges or eise has involved rather complete and thorough 
shielding. 

More recently, these R. I. V. specifications for insulator assemblies for E. H. V. 
“projects have been somewhat liberalized where specifications have permitted the 
R. I. V. levels to go to 350 to 500 microvolts at voltages applied. equal to 110% 
of the maximum line to ground operating voltage. 

It now becomes apparent that these liberalized specifications are requiring much 
better performance radio interference wise than is actually needed, which is 
causing the cost of insulator assemblies to be higher than is necessary for the 
actual’ performance of the line. : : 

In the final analysis, the utility iuilding an E. H, V. circuit is concerned with 
what the radio interference field is at the edge of the transmission line 
right-of-way, usualiy 100 to 150 ft. from the centerline of the transmission circuit. 
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correlation between the disturbance field measured under the medium tension line and the 

insulators: in the first case the disturbance field decreases markedly in fog or rain, 

simply supported at the insulator neck by a:lashing-like attachment, so that, if some 
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"CONTRIBUTION TO THE STUDY OF RADIO NOISE GENERATED BY MEDIUM VOLTAGE LINES" 

By 
MM. C. Gary and M. Moreau 

4 44 Article from "Revue Général de L'Electricité » October 1963, pages 503 to 518 Inclusive 

Translation by D. D. MacCarthy 

Giving account of work showing the possibility of evaluating the radio noise fields 

created by high frequency currents which are generated by insulators on medium voltage | 
lines. In the first part, the authors analyze the process of forming these currents both 
in rigid insulators and then in suspension insulators; they show that the spectrum of 
the disturbing current is characterized by the line geometry and by the capacitance between 
the two metal parts of the insulator. An equivalent circuit of the insulator and line 
proves that they behave as a current generator injecting high frequency current in the two 
halves of the line on each side of the insulator. This current, determined by a series of 
laboratory tests, is the principal characteristic of insulator noise. | 

In the second part of the article, the authors reveal the possibility of obtaining 

disturbance current injected in the line and determined from laboratory tests. A formula 
is established allowing the prediction of attenuation of the disturbance field in a 
direction perpendicular to the line as well as the absolute value of the disturbance field. 

PART I: STUDY OF INSULATORS 

Radio noise disturbances observed under lines of medium voltage cannot be attributed 

to the conductors, as is the case for high voltage lines, because the gradient to which 
they are subjected, of the order of 3 to 6 kv/cm, is much too low to generate, except during 
rain, leakage currents caused by corona. In the present work, we propose to demonstrate 

the possibility of evaluating the disturbance field of a medium voltage line due to the 
insulators, basing it on the laboratory measurements of the high frequency currents gener- 
ated by the latter. 

Ll. THEORETICAL STUDY OF INSULATORS. 

Experience shows that the disturbance field of a medium voltage line does not vary 
in the same way, depending on whether the line is equipped with rigid (pin? or suspension 

whereas the opposite occurs beneath lines with suspension insulators. It seems then that 
insulators are, according to their type, the seat of different phenomena, phenomena that 
we are going to attempt to explain in what follows; 

A. Rigid Insulators | ; - In the case of rigid insulators, the conductor is 

portions of the conductor are in intimate contact with the insulator body, others must be 

separated by small air gaps. Because the insulation resistance is very high, it is justi- 
fiable to represent by independent capacitors the lines of force bordering on the zones 
of intimate contact and the lines of force bordering upon the air spaces. The same 

representation is valuable in the case of a defective insulator, where air gaps are caused 
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SUSPENSION INSULATOR FLASHOVER 

UNDER HIGH IMPULSE VOLTAGES 

B. E. Kingsbury 

Some of the unpredicted flashovers on high voltage transmission lines which © 

have been experienced during the last few years have raised questions as to the 

flashover performance of suspension insulators when subjected to impulse voltages 

considerably higher than the normal critical impulse flashover value. There has 

been some indication that on some of these circuits the flashovers may have occurred 

due to very high impulse voltages of very brief duration. These have been commonly 

spoken of as steep wave front surges. 

The rated impulse flashover voltage of a suspension insulator String is 

based upon the application of a 1-1/2 by 40 microsecond wave applied to the line 

end of the insulator string with the tower end grounded. This so called critical 

impulse flashover rating is the voltage at which an insulator string may be expected 

to flashover on 50% of the applications under standard test conditions. 

On transmission structures which are protected by ground wire, it is most 

likely that the lightning discharge will occur to the tower or the ground wire so 

that the impulse is applied to the tower end of the insulator string, and, rela- 

tively, the conductor end may be considered to be grounded. There is some question 

ae to whether the normal critical flashover voltages which are established in the. 

laboratory by standard test methods properly measure the performance of an insu- 

lator string when subjected to this condition.. 

The curve, Figure 1, shows the normal critical impulse flashover voltage of 

insulator strings tested under standard laboratory conditions. In this curve, 

arcing distance is plotted as abscissa, and it is recognized that with a good 

degree of accuracy the flashover voltage of conventional suspension insulators 

B, Sie” 
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GENERAL @@) ELECTRIC Ms ot ie 

} INSULATOR DEPARTMENT: Baltimore, March 26, 1963 Wey, | = 

| SUBJECT: : COPIES : « =e 

R. A. Chatterley, Quincy J. M. Brady, New York . 

D. P, Lacock, Pittsburgh H. M. Carmichael, Atlanta ; @ 

R. D. Hilley, Jr., Birmingham C. Forsyth, Charlotte _ 

R. Pyle, Des Plaines | _ €. B. Vaughn, St. Louis . ¢ 

L. M. Brock, Kansas City J. W. Taulman, Jr., Dallas _ 

R. E. Bauer, Portland J. J. Dobel, Denver | ig 

T. E. Traugott, Burlingame P. E. Jorgenson, Los Angeles B | 

On February 13, 1963, at Fort Meade, Md., our Engineering Section staged | : S| 

a test to determine the relative resistance of several insulating structures ; 

to gunfire. All firing was done by expert riflemen stationed at Ft. Meade. :.@ 

Tests were conducted on each of the following: ‘ : | 

1. Lapp Strut Insulator, Cat. No. 73770, a 12 unit equivalent suitable ! ‘ 

for 230 kv application, 15,000 1b. ultimate tensile strength. ¥ 

——— 

2. Locke Unispar, Cat. No. 18713, a 13 unit strut suitable for 230 kv 

application, 13,000 1b. ultimate tensile strength. 
‘eis 

a = ae ee a 

‘ 

1a 2 ~| ey 

ire ae is 

ee a 

3. Locke unit-type Polymer suspension insulator (developmental) suitable 

for 69 kv application, 15,000 1b. ultimate tensile strength. 

All shots were made at a distance of 60 feet. The guns and ammunition used 

were as follows: 

1. 22 long rifle - 40 grain lead match bullet, velocity 1300 ft./sec. 

2, 45 cal. service pistol - 230 grain lead match bullet, velocity 830 = 

ft./sec. | — 

3. 308 Magnum service rifle - 180 grain lead match bullet, velocity 2650 | 3 

ft./ seein 
| . ta 

4. 30 cal. type M-1 service rifle - 173 grain lead bullet, velocity 2640 | 

ft. /seas 

The first firings were made at the bottom of each insulator structure, and 

successive shots were made up the structure as to be hitting undamaged parts 

as the tests progressed, | 

The following series of photographs show the damage sustained by each of the 

insulators. 
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Sets Look at Locke... 
You are a welcome visitor to the plant of the Locke Insulator Corpora- 

tion--the world’s largest manufacturer of wet-process porcelain insulators. 

_Qur company was founded in 1893 in Victor, New York, by Fred M. Locke. 

Mr. Locke was a telegraph operator on the New York Central Railroad. He con- 

ceived and developed the first wet-process porcelain insulator because of 
the difficulties that he personally experienced with the insulators then in 

use on telegraph lines. | 

From a small beginning in 1893 has grown a whole industry that is funda- | 

mental in making possible the safe and economical transmission and distribu- 

tion of electric power. With the advent of the high-voltage transmission 

line around the turn of the century came a big problem--insulators that 

would stand such high electrical stresses and yet were, strong and reliable. 

Mr. Locke’s insulators proved to be the answer. In fact, it is the only 

material manufactured today for such use. | 

Our company’s only plant was in Victor until 1920 when the Baltimore 

plant was started. From 1920 until 1935 both plants were operated. In 

1935, the plant at Victor was abandoned and all manufacturing was taken 

over by Baltimore. 
& 

[Continued on inside-back cove | 
- 
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- THELOCKE INSULATOR COMPANY 

: OPEN HOUSE & PLANT TOUR 

ee se _ _— s+ “itis a great pleasure to welcome Locke retirees, employees, and 
family members to visit our facility. Here you will be able to see why nvy 
Locke co-workers and | are proud of the over 2,000 products manufac- 
tured here in Baltimore. These electrical insulators and other porcelain 
products are used throughout the North American continent and in many 
countries of the world. : | 

i 

I 
i 
i 
1 

| 
*pora- i 

itors. ' 

| “All of us are engaged in a difficult struggle to help Locke become the 
au i success Story of Maryiand. If, in each job, we apply dedicated determina- 
aaa | | Hon, willing cooperation, and skilled experience, | feel certain that we will 
ven in | make ithappen. Such confidence can be greatly strengthened by the 

|| support and understanding of the members of our respective families. | 
| Thank you for coming to visit with us.” E funda- i ; uf | 

-tribu- | 

[ss1on I --Gus Isobe, President 
; that \ 

table. | 

> only rf 

imore | 
j In 1 

taken i i 

i Locke Insulators, Baltimore, Maryland, USA Pee ‘| 
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FOR YOUR INFORMATION: Do you know that... 
..LOcke Insulators provides, as the following Paragraphs detail, a flow 

of m ‘iMlions of dollars into the ec nomy of greater Baltimore and the State 
of Maryland, heiping to create jobs for hundreds of other Marylanders. 

her equipment, lastyear Locke spentneariy one 
f natural gas. 

eee ae Ut get 

to runthe kilns ando 
million dollars ($968,840) fo 

the over 2,000 Locke products range from a list price of $3.00 to over 
$3,000 each. La 

..LOcke’s electrical billfor 1987 was over a half million dollars ($575,302). 

we used /5,954,164 gallons of water last year costing over $26,000. 

Locke's 1987 and projected 1988 tax bills from the City of Baltimore and 
Slate of Maryland will total over $344,000. 

..Locke ships its products to all 50 ofthe United States, plus Puerto Rico, 
and, through the cooperation of NGK, to over 11 countries. 

the total 1987 anc id projected 1988 pay yroll for Locke empioyees will be 
about $23,745, 000. “ex 

ine Locke facility is under neaey eU acres of 1235 Sep yarate n najor roots; 
ntire area would ca Ost an estimated $5 to 6 million. tn roof 
one, Locke spends $300 to $350: thousand eacn year. 
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Nie of Locke’s tunnel kilns are about 400 feet long with firing tempera- 
tures as high as 2300 degrees Fahrenheit. — 

_ dhe grand total figure for 1987 and projected 1988 salaries, wages, and 
benetits paid by | Locke will amount to near ly $32,000,000, 

i SF BESS LT | ocke Insulators, Balti imore, Maryland, USA oa 
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LOGKE INCORPORATED 
Bal.timore, Maryland 

TECHNICAL REPORT NO, 5h6 : 
May 23, 19h9 

| 

| SUBJECT 
LATA GOR STI), sid 

:. | | 
) HIO BRASS COMPANY SUSPENSTON INSULATORS | 

This report contains: 

k ‘Typewritten copies 
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ee en Lod, Moy 

Schenectady, 

| evewitiy. is a copy of ibe: above A.I. k.#. Peper | 
which is te be presented at the Pacific General Meeting 
at San. Francisco, Calif., August 23-26, 1949. I esssume. 
that. you will oe interested in thie subject and may: eC 
te Perea: for Er erer ethan. of discussion. 

ALL discussions must be een norad ‘shrpuet the 
re ular pannel a before being submitted in triplicate — 
to A.1.E.E, Headquarter. It will be advisable to _ 
prepare an acditional copy to be handed to the repre- 
sentative of ELECTRICAL WORLD who will be in attendance 
at the eee: | 

By copy Y. this letter to the individuals listed a 
below I am asking thet they also endeavor to arrange for 
preparation of discussion, | 

F, P. CALLAHAN 

- ‘lng 5 ¢ 
2 ae NES 
ea invade | 

Now fe oz" 
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MAGNETIC HEATING OF TRANSMISSION LINE CLAMPS 

E. | V. L. Crabb | 

a a Member AIEE - Both of: 
4 4 | The Ohio Brass Company 

a | = de M. Sheadel Barberton, Ohio 

Associate AIEE 

Advance Copy 
Not Released for Publication 

. .. All Rights Reserved by the 
American Institute cf Electrical Engineers 

33 West 39th Street, New York 18, N. Y. 

A paper recommended by the AIFE Committee on Transmission and Distribution 
and approved by the AIFE Technical Program Committee for presentation at — 
the AIEE Pacific General Meeting, San Francisco, Calif., August 23-26, 
1949. Manuscript submitted May 23, 1949; made available for printing June 

PRICE: 30¢ To Members 

60¢ To Nonmembers 
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- Technical Paper 

53-81 
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| @ n-: 1952 
_ Litho in USA _ 

REAL POWER AND IMAGINARY POWER IN ALTERNATING CURRENT CIRCUITS 

ae 7 C. F. Estwick 
Be. ree 7 Member AIEE 

| 43 Cambridge Place 

Brooklyn, N. Y. 

Advance Copy 
Not Released for Publication 

All Rights Reserved by the 

American Institute of Electrical Engineers 
33 West 39th Street, New York 18, N.Y. 

A paper recommended by the AIEE Committee on Transmission and Distribution 

ees and approved by the ATEE Committee on Technical Operations for presenta- 
| tion at the AIFE Winter General Meeting, New York, N. Y., January 19-23, 

1953. Manuscript submitted April 30, 1952; made available for printing 
December 3, 1952. | 

PRICE: 30¢ To Members (5¢ per copy additional if 
60¢ To Nonmembers first class mailing desired) 



MEASUREMENT OF EARTH RESISTANCES* 

A.B. OSLON 

Zlatoust 

(Received 28 August 1955) 

A three-electrode circuit is used to measure the resistances of an earthing 

System, these being: the earth electrode (earthing circuit), the current 

electrode and the potential electrode. All quantities referring to the 

earth electrode are denoted by the K, those referring to the current 

electrode by subscript 7 and those referring to the potential electrode 

by P. 

Current is passed through the earth and current electrodes. The potential 

of the circuit is measured via the potential electrode. The earth resis- 

tance equals the measured potential divided by the current passing. 

In Fig.1 the voltmeter and ammeter are instruments specially designed 

for measuring the resistances of earthing systems. 

It is usually assumed that the 

current and earth electrodes must be 

sufficiently far apart not to distort the 

field and that a sufficiently large zero 

potential zone remains between them. 

The potential electrode must be placed 

in the zero potential zone [1,2]. 

Let us assume that we already know 

Fig. 1. the earth resistance of the circuit R,. 

Is it then possible, having placed the 

current electrode at an arbitrary point, to so locate the potential elec- 

trode that the measured resistance is equal to Ry? If this is possible, 

how can we determine the ‘locus of precise measurements’ ? 

To answer this question we will use the analogy between an electrostatic 

field and the field due to a current in a conducting medium. 

* Elektrichestvo No.2, 56-58 (1957). [Reprint Order No. EL. 10] 



Impulse tests of turn insulation of an h.v. machine 105 

(5) The inter-turn voltages expected in travelling-wave tests can be 
calculated approximately from the machine Winding data. As a rule, the 
test voltages will be sufficiently high in machines with few (two to four) turns per section. 

REFERENCES 

1. V.A. Karasev and Z.G. Kaganov; Wave propagation in the windings of 
electrical machines. Elektrichestvo No.4 (1949), 

2. G.N. Petrov and A.I. Abramov; Inter-turn voltages in the windings 
of electrical machines during wave processes. Elektrichestvo 
No.7 (1954). 

3. A.A. Timofeenko; Set-up for testing the inter-turn insulation of 
electric motors. Elektricheskie Stantsii No.6 (1950). 

4. N.V. Smirnov; Checking and Testing Windings in Electric Machines and Apparatus. Gosenergoizdat, 1955. 
o. N.V. Smirnov; Testing the turn insulation of electric motor 

windings under service conditions. Elektrichestvo, No. 5 (1955). 
6. Deckans; Investigation of surges in H.V. motors. A.S.E. — Bull. 

No.35 (1953). 
7. G.G. Shvets and S. Gretskii; Experimental investigation of surges 

in the windings of electric machines. Electrical Insulation No.2 
(1938). 

8. R.C. Robinson; Distribution of impulse voltages in bar-wound high- & Speed turbogenerators. Proc.Instn.Elec. Engrs. No.77 (1953). 9. A.P. Aleksandrov et al. The Physics of Dielectrics. GT. T. Fe (1982): 



A METHOD OF DERIVING EQUATIONS FOR THE 
ELECTROMECHANICAL TRANSIENT IN ELECTRIC CIRCUITS * 

S.V. STRAKHOV 

(Received 5 Onna 1956) 

There are basically two methods of investigating the transient electromechanical © 
processes in electric circuits, viz: 

1. Physical modelling. 

2. Mathematical modelling, this comprising two sections, viz: 

(a) the section using physical analogs; 

(b) the section using digital computers (integrators) with continuous 
and discrete action. 

The method of physical modelling, comprehensively treated in papers of 
V.A. Venikov [1-3], M.P. Kostenko [4-6] and of other authors, consists in the 
replacement of large rotating electric machines and hydraulic turbines by simi- 
lar units of small ratings with due consideration to the laws of similitude. Trans- 
mission lines, tranformers, saturable reactors and static loads are replaced by 
assemblies of capacitances and inductances, networks with repeated members 
being used for transmission lines. In other words, in this case the physical 
character of the model and of the original are the same. 

Among the advantages of the method of physical modelling, where rotating 
machines are concerned, we should mention the possibility of considering eddy 
currents, saturation, hysteresis, the actual distribution of stator and rotor wind- 
ings in space, and of other factors. A drawback of this method is the difficulty 
of varying the parameters of individual machines, usually necessitating the 
availability of a number of inter-changeable rotors for them. It is, therefore, more 
convenient to use the method of mathematical modelling in cases where the para- 
meters of the machines must be variable; because this method can deal in a much 
more simple way with such variations. However, physical modelling will still be 
preferable in all cases in which the system of differential equations describing 
the process is very complicated. 

* Elektrichestvo No. 7, 5-10, 1957 [Reprint Order No. EL 39]. 
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THE INDUCTION LAW FOR AN KLECTROSTATIC MACHINE* 

A.A. BAL’CHITIS 

(Received 19 December 1956) 

Introduction 

The fundamental equations of the classical theory of electrodynamics, the first 
and second equations of Maxwell point to two possible methods of conversion of 
mechanical into, electrical energy. For example, by the first equation of Maxwellt 

aD 
curl H = y Bt (1) 

such a conversion is possible when an electric field changes with time, i.e. by 
mechanical action on the electric field it is possible to obtain the magnetic field 
connected with it in space. 

According to the second equation 

a OB fake i 2 curl F= Fy (2) 

it is possible to obtain an electric field by changing the magnetic field associated 
with it. | 

The second equation of Maxwell was the generalized form of Faraday’s ex-_ 
perimental law of electromagnetic induction, viz. 

E=B lv, (3) 

which was discovered in 1831 and forms the basis of the design of a large variety 
of electric machines, covered by the general term “electromagnetic machines”. 

Machines working on the principle of a mechanical change of an electric 
field (Maxwell’s first equation) are not nearly so widely used; they are known as 
electrostatic machines. These machines are used for obtaining high and very high 
voltages for research purposes. 

For a long time electrostatic machines did not find practical uses. The suc- 

* Flektrichestvo No.7, 11 — 14, 1957 [Reprint Order No.EL33]. 

' All equations are given in terms of the absolute practical rationalized system of units. 

156 



Conference Paper 

RESEARCH BY THE CENTRAL ELECTRICITY AUTHORITY 

J... Forrest 
Nonmember AIEE 
Central Electricity Research Laboratories 
Leatherhead, Surrey, England 

Submitted in abstract or outline form only to the AIEE Committee on Re- | 
search for the AIEE Winter General Meeting, New York, N. Y., January | 
380-February 3, 1956.. Manuscript submitted November 29, 1955; made 
‘available for printing December 9, 1955. 

Price: 40¢ To Members All Rights Reserved by the 
80¢ To Nonmembers American Institute of Electrical Engineers 

“ ‘on 33 West 39th Street, New York 18, N.Y. 
(5¢ per copy additional if | Litho in USA 

first class mailing desired) 

Paper No. OP goa | | | e 

56-267 



TELEVISION IN THE WORLD TODAY 

Gherles J. Hirsch 

Hazeltine Corporation 

intitle Neck, LA1:3 N.Y. 

A conference paper for presentation at Winter General 

Meeting of American Institute of Electrical Engineers, 

New York City, Thursday, February 2, 1956, at 9:30 A.M. 

CP 56-354 



WIND PRESSURE ON OVERHEAD TRANSMISSION LINE 
CONDUCTORS * 

V.V. BURGSDORF 

(Received 9 January 1957) 

The correct assessment of wind pressure on conductors is of great importance 
in the design of transmission lines. This applies particularly to double-circuit 
lines and lines equipped with release clamps and safety (swivelling or collap- 
sible) cross-arms, since in these cases there is an upper limit imposed for the 
maximum permissible wind loading. In designing large installations, it is neces- 
sary to know accurately the aerodynamic characteristics of conductors and the 
distribution of wind pressure. 

As is well known, strong winds are always of turbulent nature and consist 
of fast-and slow-moving air masses. In other words, the wind velocity is never 
uniform along the front of a gust. The total load on a long object is therefore 
determined not by the maximum, but by some mean value, of the wind velocity. 
For spans longer than 200 m this lack of uniformity may be of considerable 
importance. 

The first experimental investigations to ascertain the extent of the non- 
uniformity in the distribution of the wind velocities affecting the total load on 
conductors date back over 25 years [1] and [2]. These tests showed that for 

wind speeds up to 20 m/sec. this non-uniformity can be neglected for spans 
up to 100 m. long, but that it becomes sufficiently noticeable on spans about 
200 m. long. 

Later investigations carried out in Sweden in 1939 revealed a possibility 

of reducing the design value of wind load because of the finding that the wind 

pressure becomes less uniform with velocity [3]. Similar experiments were also 

carried out in other countries: France in 1951 [4] and [5], Australia in 1949 

[6]; Belgium in 1952 [7]. Recently investigations were made in West Germany 
[8] and in the U.S.S.R. where eight experimental stations were erected with 

span lengths from 220 to 350 m. 

The reduction co-efficient considering the non-uniform distribution of the 

pressure along the span was introduced in the Soviet Regulations for Trans- 

* Elektrichestvo No.5, 47-52, 1957 [Reprint Order No. EL 23}. 
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CORONA LOSSES ON LIVE TRANSMISSION LINES * 

V.D. KRAVCHENKO, V.I. LEVITOV and V.I. POPKOV 

(Received 7 February 1957) 

The corona loss on an energized transmission line constitutes only a small fraction 

of the transmitted energy and is commensurable with or sometimes even smaller than 

the heat loss. Therefore, it is practically impossible to determine this loss by 

separating the current component which corresponds to the corona loss from the total 

line current as measured by conventional methods. 

The corona loss is due to the cross currents, that is, the currents that flow be- 

tween the conductors and between the conductors and earth. If it were possible to 

measure quantities which are proportional to these currents, or to their corresponding 

charges this would be the best solution of the problem of measuring the corona 

losses on energized lines. 

Fig. 1 shows an arrangement consisting of a single phase-conductor, 1, and an 

aerial, 2, which is earthed through a measuring element 4 connected to the middle of 

the aerial. 

The e.m.f. induced electromagnetically in anaerial isolated from earth is so dis- 

tributed that it is zero at the middle of the aerial [1]. Therefore, if this point is 

earthed through a measuring element Z, no current can flow in the element owing to 

the magnetic field of the line. The current which flows in the element is determined 

only by the electrostatic coupling between the line and the aerial. 

The minimum height at which conductors are suspended on conventional lines 

is 7—8m. At this height the space charge in the region G (Fig. 1) is distributed 

practically symmetrically with respect to the conductor axis, i.e. the space charge 

density depends only on the distance from the axis of the conductor of the element 

of charge considered. Consequently, the integrated electrostatic effect of the space 

charge on the aerial is the same as that of a linear charge of equal magnitude placed 

at the axis of the conductor. 

For sufficiently small values of the impedance Z the relation between the charge 

on the aerial and the total charge of the conductor is given by: 

0109, Xoo == 0 (1) 

* Elektrichestvo No. 7, 31 — 34, 1957 | Reprint Order No. EL 35]. 
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THE NOMOGRAM FOR DETERMINING PROTECTIVE 
ZONES OF LIGHTNING CONDUCTORS * 

L.M. LOPSHITS 

(Received 24 April 1956) | ‘ 

This nomogram supersedes an earlier one (Elektrichestvo, No. 10, 1947) and is deemed 
necessary because of the distinction made in the latest instruction book on overvoltage 
protection of electrical installations for 3 - 220 kV (Gosenergoizdat, 1954) between the 
formulae for lightning conductors up to and above 30 m. 

The nomogram is constructed for single and double lightning conductors up to 150 m 
using an emphirical formula based on laboratory test results and on the assumption that 
orientation of the lightning stroke onto the lightning conductor takes place at the height of 
H = 600 m (for an open country). 

The use of the nomogram is explained with three examples. 

That part of the latest Code of Practice on protection against overvoltages [ 1] 
which deals with protection against direct lightning strokes is based on laboratory 
investigations carried out at the V.I. Lenin All Union Electro-technical Institute, 
and differs from the earlier edition of the Code [3] in that in it a distinction has 
been introduced between the formulae for rod lightning conductors up to 30 m high 
and above 30 m high. Thus, the earlier nomogram for determining protective zones, 
constructed for lightning conductors up to 60 m has become obsolete and now may 
be used only for lightning conductors up to 30 m. 

Figs. 1 and 2 give curves constructed from the data included in [2] which des- 
cribe protective zones of single and double lightning conductors respectively. The 
geometrical sense of the parameters of the protective zone a, h, ha, Ix, bx, and rn, 
is clear from Fig. 4; by H is denoted the height at which orientation of the light- 
ning channel onto the lightning conductor takes place for open country. 

For taller lightning conductors, h > 30 m, H was taken as 600 m, and for 
shorter lightning conductors, A < 30 m, the constant ratio of H/h = 600/30 = 20 was 
taken. It should be mentioned here that the Code of Practice does not set definite 
limits within which its recommendations are valid but merely states that the value 
of H= 600 m can be used for “very tall lightning conductors”. 

The curves given in Figs. | and 2 can be applied in these cases when the 
height of the lightning conductor does not exceed 150 m (H/h = 4), which corres- 

* Elektrichestvo No. 7, 76 — 78, 1957 [ Reprint Order No. EL 39]. 
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ARCING SHORT-CIRCUITS ON 400 kV TRANSMISSION 

LINES AND METHODS OF DEALING WITH THEM* 

A.S. MAIKOPAR and N.N. BELIAKOV 

Central Scientific and Research Electrotechnical Laboratory, 

Moscow Electric Station 

(Received 19 September 1957) 

On 400 kV transmission lines with a solidly earthed neutral, we have to expect 

mainly single-phase short-circuits to earth. As opposed to the lines with lower 

voltages, the restoring of the electric strength of the path of the arc after switch- 

ing off the phase becomes more difficult on 400 kV lines because of appreciable 

influence of the current at the point of damage caused by capacitive and electro- 

magnetic connections between the disconnected phase and the working phases. 

The supply current which will flow at the point of the fault, after automatically 

switching off the faulty section of the line, will sustain the electric arc for a cer- 

tain time. The next reclosing can be done only after the extinction of the arc and 

restoration of the electric strength. This circumstance not only defines the plac- 

ing of protective relays but also exerts an influence on the total lay-out of switch- 

gear on the 400 kV lines. In particular, the problem of connecting shunting reac- 

tors directly to the line or through the circuit-breakers is strictly connected with 

the extinguishing of the sustained current arc. Several works are known dealing 

with research on the sustained current arcs [1-5]. Nevertheless, they do not give 

a clear idea of the range of sustained currents, for which it is possible to use 

single-phase automatic reclosing. As a result of these works, it is assumed that 

the extinguishing of the sustained current arc is possible for the currents of the 

order of 12-15A. 

Research into powerful open arcs, carried out by the C.S.R.E.L., has shown 

that an electric arc is capable of self-extinction even for currents of a few hun- 

dred ampres, if the conditions exist for a substantial increase of its length [6]. 

On this basis the investigations of the sustained current conditions were under- 

taken. Experiments on a 6 kV model have shown that the extinction of the sus- 

tained current arc for gradients of 5-15 kV/m occurs for currents up to 76-100 A, 

and experiments on a 220 kV grid 750 km long have shown the possibility of 

* Electrichestvo No.l, 19-25, 1958 [Reprint Order No. EL 43]. 
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High density polyethylene conduit 
for 69-kv cable is currently being 
jet-embedded 8-ft below the bottom 
surface of Beach Thorofare water- 
way at Atlantic City Electric Co. A 
novel “hydro-jet” method of em- 
bedding the conduit is being em- 
ployed for the job by the job-con- 
tractor, Harmstorf Corp, Larch- 
mont, NY. 

The project involves a distance 
of 750-ft at the point of waterway 
crossing. Four, 4-in. I.D. high 
density polyethylene conduits (0.45- 
in. wall thickness) have been jet- 
laid to date. Sixteen of them will 
eventually be installed in four 
separate cuts. 

In contrast to conventional meth- 
ods used in laying underwater con- 
ductor conduit or cable, the hydro- 
jet method does not require removal 

of soil with a dredge and its sub- 
sequent replacement, is not subject 
to “filling-in” (as in a dredged- 
trench) before the conduit or cable 

is laid: and, the method does not 

rely on the skill and physical 
stamina of divers. Furthermore, 

and of significance is the basic ad- 
vantage of being able to efficiently 
and economically embed ~conduit 
under the river bottom. 

The use of “buried” plastic con- 
duits to house the cable permits the 
use of more flexible, less expensive 
unarmored cable. Also, spare con- 
duits can be buried at the time of 
installation, so that additional cables 

Reprinted from December 16, 1963 Issue of ELECTRICAL WORLD 

can be pulled through the spare con- 
duits at a later date when service is 
expanded. Idle investment in spare 
conduits is low. Removal of cable 
for repair or replacement is simple. 

Cable embedding begins with the 
“hydro-jetter’” equipment positioned 
just outside the “near-shore” sheet 
piling; with winch-control lines 
rigged from both the near and far 
shore; and, with the four-conduit 
lines threaded from its source coil 
around the outboard side of the tug 
and down through the injector hous- 
ing and conduit guide section. 

The essential part of equipment 
required for hydro-jetting is the in- 
jector. It includes a high-pressure 
water section and a conduit guide 
section. At the leading narrow edge 
of the injector, in the direction of 
travel, and at its bottom, water jets 

are provided. | 
As the injection jets are pres- 

surized to about 170 psi, a narrow 
cut of controllable depth is made 
into the bottom of the body of water 
and the conduit is simultaneously 
laid along the bottom of the cut— 
the winch lines from the far shore 
move the “hydro-jetter” along its 
Jaying route. 

This bottom “trench” is produced 
primarily by the action of high- 
power water jets. The soil loosened 
by the jets, temporarily in suspen- 
sion in the surrounding water, set- 
tles rapidly and immediately starts 
to embed the conduit laid along the 

HYDRO-JETTER UNIT: 1-water-pressure 

hose; 2-injector; 3-plastic conduit to be 

embedded in river bottom; 4-winch 

line; 5-free-running conduit coils 

© Copyright 1963, McGraw-Hill Publishing Co., Inc. 

All Rights Reserved 



Fundamental Aspects of Some Switching 

Overvoltages on Power Systems 

J. ZABORSZKY 
FELLOW AIEE 

Summary: System overvoltages caused by 
switching are of interest in insulation co- 
ordination problems. This paper treats 
such overvoltages in a graphical fashion, so 

that a visual concept of overvoltage versus 
time is provided in both single- and 3-phase 
cases involving resistive loads, inductive 
loads, and capacitive loads. As _ special 
cases, attention is given to a neutral inver- 

sion problem and to a case of coupled cir- 
cuits. 

HE INCREASING complexity of 

power systems has. created difficulty in 

analyzing specific cases of trouble which 

seem to stem from system overvoltages. 

It is believed that some of this difficulty 

can be minimized if one has a thorough 

grasp of the causes of overvoltages. 

It is the purpose of this paper to demon- 

strate and review a few of the funda- 

mental conditions that can cause over- 

voltages. In particular, overvoltages aris- 

ing from switching operations will be dis- 
cussed. 

J. W. RITTENHOUSE 
FELLOW AIEE 

It is believed that the graphical ap- 

proach that is followed provides an easy 

means of conducting a review in pro- 

viding a good physical concept of the 

basic causes of many kinds of -overvolt- 
age phenomena. 

Restrikes in a Single-Phase 
Resistive Circuit 

A single-phase radially fed pure resis- 

tive load is shown in Fig. 1. The line it- 

self is assumed to be purely resistive, and 

while this is admittedly not a practical 
combination, it is included here as an 

introduction to practical but more com- 
plicated situations which will be dealt 
with later. 

Current is interrupted at time é, } prior 

to that there is a voltage drop, with a 
peak value of AE, on the line. 
the resistive circuit shown, is exactly in 
phase with the current, J, which in turn 
is exactly in phase with the source volt. 

Fig. 1. Circuit, voltages, and 
current considered in the 

single-phase resistive 'restrike 

and energizing cases (left) 

Fig. 2. Circuit and voltages 
considered in 

resistive restrike and energizing 

cases (right) 

This, for. 

the 3-phase- 

age /,. Following current interruption 

at 4, the voltage /, remains zero, while 

the source end of the switch follows the 
source voltage E,=F,. 

The difference between the £, and Ey, 

curves, H,—E,, is the recovery voltage 
which is being built up across the gap of 
the switch. 

If at some time after #, the recovery 

voltage exceeds the dielectric strength be- 

tween the switch contacts, a restrike 

will occur. The potentially most danger- 

ous time for this is 4 when the peak re- 

covery voltage is reached. Nothing un- 

pleasant happens, however, in this purely 

resistive circuit. The current is re-estab- 

lished, and it instantaneously assumes the 

value it would have had at the instant of 
_ restrike if there had been no interruption. 

The voltages of the terminals a and A 

instantaneously shift to satisfy the condi- 

tion H,=E, which would have existed 

with the load connected and if no inter- 

ruption had occurred. 

Restrikes in a 3-Phase Resistive 

Circuit 

Conditions for the 3-phase purely re- 
sistive circuits are shown in Fig. 2. The 
line resistances have been omitted in this 

illustration to keep it as uncluttered as 
possible. 

Current (not shown) in phase A is 

interrupted at time ¢,. From here on 

Ea=n, and since ” now is simply the 

midpoint of a voltage divider between 

points b and c, also E,=(E,+£,)/2. 



Transactions Paper 
(Reviewed and ina au for Publication) 

Discussion in Duplicate Due__July 5, 1963. 

ARC DEIONIZATION TIMES ON HIGH SPEED THREE POLE RECLOSING 

IEEE Working Group on Arc Deionization Times 
of the 

General Systems Subcommittee 

of the 

IEEE Transmission and Distribution Committee 

A paper recommended by the IEEE Transmission and Distribution Com- 
mittee and approved by the IEEE Technical Operations Committee for 
presentation at the IEEE Summer General Meeting and Nuclear Radia- — 
tion Effects Conference, Toronto, Ont., Canada, June 16-21, 1963. 
Manuscript submitted ce 20, 1962; made available for ee ed 

April 18, 1963. . 

Members of the IEEE Working Group on.Arc Deionization Times of the 
General Systems Subcommittee: H. M. Ellis, Chairman; 0. A. Demuth, 

 L. 0. Barthold, A. E. Kilgour, D. F. Shankle, E. T. B. Gross, 
Re E. Stade. 

| All Rights Reserved by 
Price: $ .60 To Members The Institute of Electrical and Electronics Engineers, | 

$1.00 To Nonmembers Inc., 

ei ay ; P. O. Box A, 
(10¢ per copy additional if Lenox Hill Station, 
first class mailing desired) | New York 21, N. Y. 

(Minimum Mail Order $1.00) — | Litho in USA 



TRANSVERSE 
LOADING © 

of PIN TYPE — 
INSULATORS 



GENERAL @ ELECTRIC 
ELECTRIC UTILITY ENGINEERING 

OPERATION 

MAIL ADDRESS: 

| 

1 River Road | 
ena: 

Schenectady, N.Y. 

June 9, 1965 

SUBJECT 

ELECTRIFICACION DEL CARONI, C.A. 
400-KV Tower Insulation Design 
Study 

Miee-Mamy Stack 
2525 Insulator Drive 

BALTIMORE 

Dear Miss Stack: 

A copy of thie report has been mailed to R. E. Bauer in accordance with 

his request. This was a customer study and the results are proprietary 

to General Electric Company . 

K. xX. ] pow po SO 

R. L. Thompson 
Application Engineer 
A-C Transmission Engineering | | Waar 

Building 2 - Room 610 - Dial Comm 9#235-3657 Dyn ey, | 
: vo , 

RLT: pms 
Enel. | WN Us 1985 

MARKETING 

—~ eS eee ee on A. 



ELECTRIFICACION DEL CARONI, C.A. 

4OO-KV TOWER INSULATION 

DESIGN STUDY 

May 4, 1965 

L. O. Barthold 
R. L. Thompson 

General Electric Company 
Schenectady, New York 



IEEE SUMMER POWER MEETING 
JUNE 22-27, 1969 
DALLAS, TEXAS 

DALLAS TOUR 

9:00 a.m. - 12:00 Noon 

Wednesday, June 25, 1969 



SAN FRANCISCO BAY AREA RAPID TRANSIT DISTRICT _ 

“CONTRACT ‘BOOK 

FOR THE PROCUREMENT OF 

1000 v pc CONTACT RAIL ASSEMBLY 
AND 

“CURRENT co LLECTORS 

ee 

PARSONS : BRINCKERHOFF EA Te ete: TUDOR <i 3 BECHTEL a | 
| General Engineering Consultants to the San Francisco Bay Area Rapid Transit District 



: 
we 

- 
= 

= 
= 

2 
4 

pa 
rae 

= 
"L£ 

o: 
4 

= 
span 

os 
i 

F : 

. : a
o
 

; 

2 , 
; 

“ 
: 

° 4
 

7 | . 

THEIR 
BEARING 

ON 
THE 

LIGHTNING 
PERFORMANCE 

AT 
MEDIUM 

VOLTAGE 
NETWORKS 

| 

I
N
D
E
X
 
‘FOR: 

L
I
G
H
T
N
I
N
G
 

T
H
E
O
R
Y
 

| 
at 

h
e
n
 

Page 
1 

N
u
m
b
e
r
 
S
a
y
 

i 
.
 

T
i
t
l
e
 

e
e
 

|
 

_
A
u
t
h
o
r
 

ipoa te 
L
e
 

o
m
p
a
n
 

|
 
Date 

Reprint 
7 

| 
: 

a. 

GE 
Review 

EFFECTO 
OF 

SHORT 
LENGTHS 

OF 
CABLE 

ON 
T
R
A
V
E
L
I
N
G
 
WAVES 

-McEachron,. 
KB 

- 
General 

Electric 
Nov. 

1930 

7 
if 

: 
Hemstreet, 

JG 
S
c
h
e
n
e
c
t
a
d
y
.
,
.
 NY 

S
e
e
l
y
e
,
 

HP 
| 

Paper 
A 

HYPOTHESIS 
CONCERNING 

LIGHTNING 
PHENOMENA 

AND 
| 
Johnson, 

IB 
General 

Electric 

TRANSMISSION 
LINE 

FLASHOVER 
| 
Schultz, 

Ad 
.| 

AIEE 
Members 

Paper 
A
N
A
L
Y
T
I
C
A
L
 

STUDIES 
ON 

LIGHTNING 
P
H
E
N
O
M
E
N
A
 

INVOLVING 
Johnson, 

IB 
General 

Electric. 

E 
TOWERS, 

INSULATOR 
STRINGS, 

AND 
TRAMISSION 

LINES 
Schultz, 

Ad 
AIEE 

Members 

AIEE 
50-163 

A M
E
T
H
O
D
 

OF 
ESTIMATING 

L
I
G
H
T
N
I
N
G
 
P
E
R
F
O
R
M
A
N
C
E
 

OF 
AIEE 

Working 
Group 

A
I
E
E
 

M
a
y
 
1950 

TRANMISSION 
LINES 

| 
7 

|
 

et 

AIEE 
55-475 

TRAVELING 
WAVE 

PROTECTION 
PROBLEMS 

- 
II 

Boehne, 
EW 

MIT 
June 

20, 
1955 

: 
} 

| 
| 

| 
C
a
m
b
r
i
d
g
e
,
 

MA 
| 

Minutes 
AMERICAN 

GAS 
& 

ELECTRIC 
F
L
A
S
H
O
V
E
R
 
P
R
O
B
L
E
M
 

Johnson, 
IB 

G
e
n
e
r
a
l
 

Electric 
Aug. 

31, 
1956 

Memorandum 
- 

FIELD 
S
T
U
D
I
E
S
-
S
U
R
G
E
 

C
H
A
R
A
C
T
E
R
I
S
T
I
C
S
 
O
F
 
300 

kV 
TOWERS 

* 

E
l
e
c
t
r
i
c
a
l
.
 

W
H
Y
 
E
H
V
 
L
I
N
E
S
 
SHOW 

EXCESS 
OUTAGES 

M
i
l
l
e
r
s
,
 

CJ 
ur. 

Ohio 
Brass 

Co. 
sept. 

5, 
1955 

W
o
r
l
d
 

— 
| 

B
a
r
b
e
r
t
o
n
,
 

OH 
| 

AIEE 
56-733 

A 
NEW 

APPROACH 
TO 

THE 
C
A
L
C
U
L
A
T
I
O
N
 OF
 
THE 

LIGHTNING 
Wagner, 

CF 
W
e
s
t
i
n
g
h
o
u
s
e
 

|
 

March 
28, 

1956 

| 
P
E
R
F
O
R
M
A
N
C
E
 

O
F
 
TRANMISSION 

LINES 
: 

E. 
Pittsburgh, 

PA 

Paper 
P
R
I
N
C
I
P
L
E
S
 

FOR 
THE 

CALCULATION 
O
F
 
T
H
E
 
LIGHTNING 

PER- 
Lundholm, 

Ragnar 
| 
S
w
e
d
e
n
 

1956 

, 
FORMANCE 

OF 
A 

TRANSMISSION 
LINE 

FOR 
A 

DIRECT 
| 

| 

, 
LIGHTNING 

STROKE 
TO 

T
H
E
 
LINE 

| 

Letter 
to 

Re. 
Prof. 

Lan dbeilial’s 
paper 

Skeats, 
WF 

General 
E
l
e
c
t
r
i
c
 

Nov. 
26, 

1956 

IB 
Johnson 

: 
| 

| 
Philadelphia, 

PA 

Comments 
to: 

‘ye: 
Prof. 

Lunholm's 
paper 

L
u
n
d
h
o
l
m
,
 

R 
Am. 

GAs 
& 

Electric 
Dec. 

a
e
 
0
 

Skeats 
Letter 

om 
3 

per 
Finn, 

RB 
dr. 

New 
York 

| 

Booklet 
INDUCED 

OVERVOLTAGE-SURGES ON TRANSMISSION 
LINES 

AND 
|
 Lundholm, 

R. 
Gothenburg, 

Sweden 
|
 1957, 



N
u
m
b
e
r
 

Re
po

rt
 

57
TP
15
0 

_ 
Pa
pe
r 

BF
 

07
-5
37
. 

AI
EE
 

DP
 

57
-5
48
 

AI
EE
 

DP
-5

49
 AI

EE
 

DP
 

57
-5
61
 

AI
EE
 

DP
 

57
-5
68
 D

i
s
c
u
s
s
i
o
n
 

of
 

Pa
pe
r:
 

A
I
E
E
 

5
7
-
1
0
7
9
 

H
a
n
d
w
r
i
t
t
e
n
 

N
o
t
e
s
 AI

EE
 

58
-2
4 

AI
EE
. 

58
-1
76
 AI

EE
 

CP
 

58
-1
8 

IN
DE
X 

Fo
R:

 
L
I
G
H
T
N
I
N
G
 

T
i
t
l
e
 

~ TH
EO
RY
 

a
i
e
 

e
e
l
 

c
e
c
e
 

e
r
r
e
e
r
e
n
c
u
a
n
i
s
s
p
n
i
n
n
i
i
n
e
r
i
 

I
d
e
e
 

a
 

D
h
 

e
e
e
 

Y
 

—
_
—
—
 

T
H
E
O
R
Y
.
 

AN
D 

MO
DE
L 

TE
ST
S 

OF
 

L
I
G
H
T
N
I
N
G
 

V
O
L
T
A
G
E
S
 

O
N
 

TR
AN
S-
 

|
 

A
n
d
e
r
s
o
n
,
 

JG
 

MI
SS
IO
N 

LI
NE
S 

LI
GH
TN
IN
G 

FL
AS
H 

CO
UN
TE
R 

CA
LC
UL
AT
IO
N 

OF
 

TR
AN
SM
IS
SI
ON
 

LI
NE
 

LI
GH
TN
IN
G 

VO
LT
AG
ES
 

BY
 

FI
EL
D 

CO
NC
EP
TS
 

A
N
 

A
P
P
R
O
X
I
M
A
T
E
 

TR
AN
SI
EN
T 

S
O
L
U
T
I
O
N
 

O
F
 

TH
E 

T
A
P
E
R
E
D
 

TR
AN
SM
IS
SI
ON
 

LI
NE
 

FI
EL
D 

S
T
U
D
I
E
S
 

O
F
 

TH
E 

SU
RG
E 

RE
SP
ON
SE
 

OF
 

A 
34
5 

kV
 

TR
AN
SM
IS
SI
ON
 

TO
WE
R 

AN
D 

GR
OU
ND
 

WI
RE
 

FA
CT
OR
S 

A
F
F
E
C
T
I
N
G
 

TH
E 

L
I
G
H
T
N
I
N
G
 

E
R
E
 

E
B
 

OF
 

TR
AN
MI
SS
IO
N 

LI
NE
S 

A 
HY
PO
TH
ES
IS
 

CO
NC
ER
NI
NG
 

LI
GH
TN
IN
G 

PH
EN
OM
EN
A 

AN
D 

_ 
TR
AN
SM
IS
SI
ON
 

LI
NE
 

FL
AS
HO
VE
R 

C
A
L
C
U
L
A
T
I
O
N
 

O
F
 

T
R
A
N
S
M
I
S
S
I
O
N
 

LI
NE
 

L
I
G
H
T
N
I
N
G
 

V
O
L
T
A
G
E
S
 

BY
 

FI
EL
D 

CO
NC
EP
TS
 

FA
CT
OR
S 

AF
FE
CT
IN
G 

TH
E 

LI
GH
TN
IN
G 

a
i
a
 

a
c
c
e
s
 

OF
 

TR
AN
S-
 

MI
SS
IO
N 

LI
NE
S 

T
H
E
O
R
Y
 

OF
 

CL
OU
D 

CH
AR
GE
 

TH
E 

LI
GH
TN
IN
G 

ST
RO
KE
 

A
N
O
M
A
L
O
U
S
 

FL
AS
HO
VE
RS
 

ON
 

T
R
A
N
S
M
I
S
S
I
O
N
 

LI
NE
S 

Ca
wk
el
l,
 

AE
 

L
u
n
d
h
o
l
m
,
 

R.
 

Ba
th
ol
d,
 

LO
 

B
r
e
u
e
r
,
 

GD
 

P
r
i
c
e
,
 

W
S
 

S
c
h
l
o
m
a
n
n
,
 

RH
 

S
C
H
U
L
T
Z
,
 

Ad
 

Ha
ge
ng
ut
h,
 

JH
 

A
n
d
e
r
s
o
n
,
 

JG
 

J
o
h
n
s
o
n
,
 

IB
 

S
c
h
u
l
t
z
,
 

Ad
 

L
u
n
d
h
o
l
m
,
 

R 
F
i
n
n
 

& 
P
r
i
c
e
 

H
a
g
e
n
g
u
t
h
,
 

JH
 

A
n
d
e
r
s
o
n
,
 

JG
 

2?
 Wa
gn
er
, 

CF
 

Hi
le
ma
n,
 

AR
 

AR
C 

DR
OP
 

DU
RI
NG
 

TR
AN
SI
TI
ON
 

FR
OM
 

SP
AR
K 

DI
SC
HA
RG
E 

TO
 

AR
C]
 

Wa
gn
er
, 

CF
 

L
a
n
e
,
 

CM
 

L
e
a
r
,
 

CM
 

Pa
rt
 

II
 

|:
 

Mi
ll
er
, 

CJ
 

Ur
 

=
 

A
u
t
h
o
r
 

|_
__
__
Co
mp
an
 

G
o
t
h
e
n
b
u
r
g
,
 

S
w
e
d
e
n
 

G
e
n
e
r
a
l
 

El
ec
tr
ic
 

‘
W
e
s
t
i
n
g
h
o
u
s
e
 

_E
 

P
i
t
t
s
b
u
r
g
h
,
.
 

PA
 

-
 

O
h
i
o
 

Br
as
s 

Co
. 

Pa
ge
 

2 

|
 

D
a
t
e
 

7 

Ge
ne
ra
l 

El
ec
tr
ic
 

YA
N.
 

25
.1
95
7 

Pi
tt
sf
ie
ld
; 

MA
 

| 

M
i
d
d
l
e
s
e
x
,
 

E
n
g
l
a
n
d
 

Ap
ri
l 

19
57
 

As
so
c 

AI
EE
 

Me
mb
er
. 

|
 

M
a
y
 

2,
 

19
57
 

| 
F
e
b
.
 

27
, 

19
57
 

S
c
h
e
n
e
c
t
a
d
y
,
 

NY
 

| 

M
a
y
 

1
9
5
7
 

AI
EE
 

M
e
m
b
e
r
s
 Ge
nr
al
 

El
ec
tr
ic
. 

M
a
y
 

19
57
 

P
i
t
t
s
f
i
e
l
d
,
 

M
A
 

Ge
ne
ra
l 

El
ec
tr
ic
 

M
a
y
 

2,
 

19
57
 

P
i
t
t
s
f
i
e
l
d
,
 

MA
 

A
m
e
r
i
c
a
n
 

GA
s 

& 
Oc
t.
 

3,
 

19
57
 

El
ec
tr
ic
 

- 
NY
 

Ge
ne
ra
l 

El
ec
tr
ic
 
Pi
tt
sf
ie
ld
, 

MA
 

Ma
y 

31
, 

19
57
 

1958 

W
e
s
t
i
n
g
h
o
u
s
e
.
 

oe
 

Ue
t.
 

14
, 

19
57
 

E 
P
i
t
t
s
b
u
r
g
h
,
 

PA
 

.|.. 
— 

Oc
t,
 

0
,
 

19
57
 

No
v.
 

6, 
19
57
 

Ba
rb
er
to
n,
 

OH
 

By 



N
u
m
b
 e
r
 

AIEE 
58-829 

Paper 

AIEE 
CP-59-275 

AIEE 
59-341 

AIEE 59-644 AIEE 60-657 

AIEE 
60-658 

AIEE 
61-88 
cP 

AIEE 
62-1094 

AITEE CPs” . 62-1181 

IN
DE

X 
FO

R:
 

LI
GH
TN
IN
G 

-
 

TH
EO
RY
 

Title 

L
I
G
H
T
N
I
N
G
 

STROKE 

THE 
TEINOGRAPH 

- 
h
a
g
 HIGH-VOLTAGE 

SURGE 
RECORDER 

RESPONSE 
OF 

A 
345 

kV: TRANMISSION 
TOWER 

TO 
A
 SIMULATED 

.
 

LIGHTNING 
STROKE 

D
E
T
E
R
M
I
N
A
T
I
O
N
.
 OF
 LIGHTNING 

RESPONSE 
OF 

TRANSMISSION 
LINES 

BY 
MEANS 

OF 
GEOMETRICAL 

MODELS 

A
 
NEW 

APPROACH 
TO 

THE 
CALCULATION 

OF 
THE 

L
I
G
H
T
N
I
N
G
 |
 

PERFORMANCE 
OF 

TRANSMISSION 
LINES 

- 
II 

DETERMINATION 
OF 

THE 
WAVE 

FRONT OF LIGHTNING 
STROKE 

CURRENTS 
FROM 

FIELD 
MEASUREMENTS 

~ 
A 

NEW 
APPROACH 

TO 
THE 

C
A
L
C
U
A
L
T
I
O
N
 
O
F
 
THE 

LIGHTNING 
P
E
R
F
O
R
M
A
N
C
E
 OF 

TRANSMISSION 
LINES 

7 
PART 

III. 
A 

SIMPLIFIED 
METHODS 

- 
S
T
R
O
K
E
 TO
 
TOWER 

MO
NT
E 

CA
RL

O 
CO
MP
UT
ER
 

CA
LC
UL
AT
IO
N 

OF
 

TR
AN

MI
SS

IO
N 

LI
NE

 
LI
GH
TN
IN
G 

PE
RF
OR
MA
NC
E 

“R
EL
AT
IO
N 

BE
TW

EE
N 

ST
RO
KE
 

CU
RR
EN
T 

AN
D.

 
VE
LO
CI
TY
 

O
F
 

TH
E 

RETURN STROKE 

E
F
F
E
C
T
 
OF 

PREDISCHARGE 
CURRENTS 

UPON 
LINE. 

PERFORMANCE 

e
r
 

e
e
e
,
 
|
 

THE 
P
R
E
S
T
R
I
K
E
 
THEORY 

AND 
OTHER 

EFFECTS 
I
N
 
THE 

“Author eee: eee ____. Compan 

Griscom, SB 

Anderson, 

JG 

Giacomoni, RU Armstrong, HR 

BArthold, 

LO Schultz, Ad 

F
i
s
h
e
r
,
 

FA
 

A
n
d
e
r
s
o
n
,
 

JG
 

H
a
g
e
n
g
u
t
h
,
 

JH
 

Wa
gn

er
, 

CF
 

H
i
l
e
m
a
n
,
 

AR
 

Wagner, Ce 

W
a
g
n
e
r
,
 
C
F
 

H
i
l
e
m
a
n
,
 
A
R
 

Anderson, JG 

Wa
gn

er
, 

CF
 

W
a
g
n
e
r
,
 

C.
 

F.
 

H
i
l
e
m
a
n
,
 

AR
 

W
e
s
t
i
n
g
h
o
u
s
e
 

—E. Pittsburgh, PA. 

Ge
ne

ra
l 

El
ec

tr
ic

 
P
i
t
t
s
f
i
e
l
d
,
 

MA
 

D
e
t
r
o
i
t
 

Ed
is

on
 

Co
 

Ge
ne
ra
l 

El
ec

tr
ic

 
Sc
he
ne
ct
ad
cy
, 

NY
 

| 
A
I
E
E
 
Members 

W
e
s
t
i
n
g
h
o
u
s
e
 

E. 
P
i
t
t
s
b
u
r
g
h
,
 
P
a
 

W
e
s
t
i
n
g
h
o
u
s
e
.
 

E.
 

Pi
tt
sb
ur
gh
, 

PA
 

Westinghouse | 

Es. 

Bo 

te 

side 

PA 
General Electric: 

Pittsfield, 
MA 

W
e
s
t
i
n
g
h
o
u
s
e
 

E Pi
tt

sb
ur

gh
, 

PA
 

W
E
s
t
i
n
g
h
o
u
s
e
 

E.
 

P
i
t
t
s
b
u
r
g
h
,
 

P
A
 

M
a
r
c
h
 

10, 
1958 

1959 

Jan 
21; 
1959 

Feb. 19, 1959 

Feb. 

1, 

1960 

Jan. 6, 1960 

Oct. 
26, 

1960. 

‘M
ar

ch
 

21
, 

19
62
 

April 
11, 

1962 



dal T
9 Pra 

GENERAL ELECTRIC 

REVIEW 
A monthly magazine devoted to technical subjects of interest to the electrical profession. 

Published by Publicity Department, General Electric Co., Schenectady, N. Y. 

Subscription price $3. Single copies 30 cents. 

Effects of Short Lengths of Cable on 

Traveling Waves 

By 

K. B. McEachron, J. G. Hemstreet and H. P. Seelye | 

REPRINT 
From November, 1930, Issue 

D> We ee Oy ee oe” em eee | 



A HYPOTHESIS CONCERNING 
srr ES 

PHENOMENA AND TRANSMISSION. LINE FLASHOVER LIGHTNIN 
ATT AINE ES 

I. B. Johnson | A. J. Schultz 

Unpredicted lightning outage rates on high voltage transmission lines have occur~- 

red over the years. More recently this fact has been emphasized by operating experience 

with new twin circuit high voltage transmission lines using one ground wire. Present 

tl methods of predicting lightning performance fall short of the experience records, The 

: inadequacies of the current methods of prediction result in a lack of confidence of a 

| certain degree in the evaluation of various designs of transmission Lines and tower 

structures. 

One method of calculating line performance is presented in an A.I.h.E. Committee 

Report .+ Broadly the method of calculation from a circuit viewpoint is based on three 

areas of consideration: 

1. Insulation strength of the insulator.string. 

2. Characteristics of lightning surges to transmission lines ~ magnitude, rate-of- 

rise and duration of surge current. 

er ‘Sur ge response of the transmission Line to lightning strokes — footing resistance, 

“tower inductance, coupling factor, effect of ground wires, etc. 

“A eritical review of the foregoing should reveal whether or not all of the factors have 

: been realistically evaluated. If so, the A.1,E,E. method, perhaps, need only be modified 

. i to extend its validity_and usefulness. = | aed 

A current study is in progress to investigate the areas of insulation strength, 

: surge response of the transmission line, and the severity of the lightning surges Likely 

to be experienced on transmission lines. The results of the studies on insulation strepeth 

and surge response of transmission lines and towers are reported in companion papers .<" 

he results of these studies have not produced sufficient modifying effects in the caleu- 

lations to account for the unexplainable outage rates. 

x -- On the questions concerning the characteristics of lightning, there is somo spec- 

) ulation pertaining to the magnitude and wave shapes of lightning surges occurring on 

transmission lines, Specifically, there are questions on the direct applicability of 

the data obtained on relatively tall structures, such as buildings and radio towers, to 

transmission lines and on the differences among the data obtained on various tall struc- 

tures. It is the purpose of this paper to review these data from tall structures and to 

present a possible correlation of these data te the end that they may be more suitably 

applied to transmission line structures, resulting in a more accurate prediction of the 

lightning performance of high voltage transmission lines. 

DATA ON MAGNITUDES OF STROKE CURRENTS 

The methods of predicting line outages from lightning mentioned in the Introduction 
necessarily depend on a statistical knowledge of the severity of lightning strokes. This 

is generally expressed as a percentage distribution curve of the crest magnitudes of the 

eurrents measured in lightning strokes. A number of these percentage-distribution curves 

as obtained by different observers in different locations is shown in Figure 1. Curve A 

of Figure l was obtained from 30 magnetic Link measurements of strokes to lightning rods 

mounted on top of towers and from 80 stroke measurements on overhead ground Wires! 
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ANALYTICAL STUDIES @N LIGHTNING PHENOMENA INVOLVING 
TOWERS, INSULATOR STRINGS, TRANSMISSION LINES 

I. B, Johnson A. J. Schultz 

Member AIEE | Member ALEE: 

INTRODUCTION: 

Certain high voltage transmission lines have experienced line flashovers from light - 
ning at a rate in excess of that anticipated for these lines by conventional methods of 

calculation,+ Particularly has this been true for double-circuit lines using one ground 
wire.<~2? Since these lines have very low footing resistances, it has been necessary to 
examine other factors which may be of significance and which heretofore have not been > 
realistically appraised, One of these factors is the surge response of the tower and the 
nature of the lightning ea aerate red in the tower impedance to produce sufficient 
voltage to cause flashover,'’~?~? 

To assist in analyzing the foregoing factors, a series of tests were made using 
models of a transmission tower and its associated conductors. The design of the model 

tower was based on calculations and haat verification by field studies on the surge 
characteristics of transmission towers, af This paper describes the design and construc- 

tion of the model, the nature of the data obtained and the results that followed from 
these studies, 

MODEL TOWER 

The model tower is a miniature representation of an actual tower having a height of 
170 feet. The miniature tower was arbitrarily assigned a height of 6 feet. This estab- 
lishes a physical ratio of 170:6 or 28:1 between the actual system and the model, All 
physical dimensions of the tower and its associated conductors and ground wires must be 
represented in the model, therefore, by dimensions that are one-twenty-eighth of the same 
dimensions in the actual system, , 

: The fundamental electrical constants which determine the surge response of any 
conductor are inductance and capacitance. Since: 

Inductance per unit length, L=~ln on 

‘a 

in ae 
r 

Capacitance per unit length, 0 

it can be seen that the inductance and capacitance for one foot of the model system will 
be equal to that of one foot of the actual system if the height and radius are reduced by 
the same ratio, Since the inductance and capacitance per unit length of the model system 

are identical with the inductance and capacitance per unit length of the actual system, 
the velocity of surge propagation is the same for the model as for the actual system, But 
since the distances involved in the model system are only one-twenty—eighth as long as 

the corresponding distances in the actual system, the times of travel on the model are 
one-twenty-eighth of those on the actual system, The round trip travel time of a surge on 

the actual tower, at the speed of light, is on the order of a third of a microsecond, The 
corresponding time on the model system would be, therefore, on the order of 10 milli- 
microseconds, With such a short time scale, the production of a surge with a sufficiently 
high rate of rise and the measurement of the phenomenon occurring on the model system 
becomes extremely difficult. This difficulty can be overcome by making a time base change, 
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AMERICAN GAS AND ELECTRIC FLASHOVER PROBLEM 

Minutes of Meeting — August 18, 1955 — Schenectady, New York 

. D. Breuer, General Electric Company, Schenectady ~ 
Concordia, General Electric Company, Schenectady 

» M. Foust, General Electric Company, Schenectady 
» H. Hagenguth, General Electric Company, Pittsfield 

B, Johnson, General Electric Company, Schenectady 

S. Price, American Gas and Electric Service Corporation 
» ochlomann, American Gas and Electric Service Corporation 
. Jd. ochultz, General Electric Company, Schenectady 
» A. Woodrow, General Electric Company, Schenectady 

Present: 

Otm Dh SH a, 22H 

1. Field and Analyzer Studies 

Demonstrations were made of models developed so far as possible aids in 
the solution of the problem being considered. [Field flux plotting results of 
a transmission tower and of a vertical wire were discussed also insofar as 
the surge impedance characteristics of the tower might prove to be a predom— 

inantly important factor. | 

A description was given of the field studies made on and at tower 268 of 
the Muskingum—-East Lima 330 kv transmission line near Columbus, Ohio. Oscil- 

lographic records were made of the surge response characteristics of tower 268 
with and without the ground wire connected, and of the effect of adjacent 
towers. Similarly results were obtained for an artificial tower and for a 
vertical wire both erected 200 ft. away from tower.268. In addition some ca- 
pacitance measurements were made of the artificial tower and of the vertical 
wire. A memorandum giving the essence of the results of the field study is 
attached. To those present at the meeting it is to be mentioned that the 
memorandum modifies the data given at the time of the meeting.» 

2. Voltage-Time Flashover Recorder 

Mr. Foust described refinements in the design of the recorder. Following 
discussions on the voltages that would actuate the recorder in relation to the 
voltages that would be acting on the insulator string to cause flashover, it 
was agreed that it would be desirable to calibrate the recorder both with a 

structural assembly and with surge currents simulating actual conditions as 
close as possible. It was agreed that the recorder be constructed with four 
R-C elements to record and cover anticipated surge voltage fronts ranging from 
O.1 microsecond to 5 microseconds. 

Mr. Foust agreed to: . 

(a) Complete design of the Double Polarity Recorder. 

(b) Manufacture a production sample for tests. 

(c) Get cost extimates on manufacture of 400 recorders for 80 

stations. 

(ad) Make laboratory calibrations of four element recorder without 

voltage divider. 
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330 -Kv Tower... 
One ground wire, 
18 -unit strings 

138 —Kv Tower... 
One ground wire, 
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7 : P 
= z BLL YL A ‘s LIL. eZ ed | 

PL 

| () (] 

. Ground Wire 
Ground Wire ris 

Aer ee 
\ K//fty / | . 

\ a ° x 

co ae |S gee Sy ES ieee eee wae | SOO" a a) 
pe at Se | ; 

Lo 5 yates = l 1S TE . 
a \ é as 

ec eee k /08 tt 20ft l | 
| | erst te ne | 

93 ft 10 in | : u Ben 
| | l 

62ft Ein. | = 
| 50 ft 

l 
| 

| 

Original 138 -Kv Tower... 
Two ground wires, 
9-unit strings, 
880- ft spans 

New 138 -Kv Tower... 
One ground wire, 
9-unit strings, 
650- ft spans 

Fig | (B) - Commonwealth Edison Co. 

Evaluation of New Tower Designs May Reveal .. . 

Why EHV Lines Show Excess Outages 
TRANSMISSION 

Design 

Lightning causes flashovers considerably in excess of the rate 
predicted from design data. Investigation reveals: 

® Burns on both upper and lower surfaces of suspension insula- 
tors removed from lines after flashover. 

© Steep-front pulses in laboratory create similar markings. 

® Test waves flash insulator strings shunted by tower leg. 

DR CHARLES J. MILLER, JR, Research Engineer, The Ohio Brass 
Co, Barberton, Ohio 

_ Two power companies have experienced outages caused 
by lightning on extra-high-voltage tower lines far in excess 
of the rate predicted by usual methods. Studies seeking 
a satisfactory explanation are now underway. 
Many of the outages resulted from flashovers of the top 

or the middle-phase insulator strings on towers with very 
low footing resistance. Examination of these insulators 
reveals glaze burns produced by lightning which indicate 
that the flashover paths hug both the upper and lower 
surfaces of each unit in the string. This characteristic 
suggests that the lightning voltage pulses which produce 
these glaze burns have very steep fronts. 

Furthermore, glaze burns from the resulting power arc 
are generally found on both upper and lower surfaces 
of nearly every unit in the string. In a number of cases 

74 

investigated, marks on the tower tops indicate where they 
were hit by lightning strokes. 

Laboratory investigations show that when a steep front 

voltage pulse from a 3-million-v impulse generator is. 

applied to a 22.5-ft section of 6-in. angle-iron tower leg, 

enough potential is produced to flash over a 3-unit string © 

of suspension insulators connected in parallel with it. 

Glaze burns from these tests are very similar to those 

produced by natural lightning. 

Photographic studies of flashovers produced in the 

laboratory with very steep front voltage pulses on various. 

length insulator strings indicate strings could flash over 

in a fraction of a microsecond when subjected to suit- 

ably steep voltage pulses. 
By use of traveling wave theory, it can be shown that 

when a lightning stroke hits the top of a tower, voltage 

at that point rises rapidly until reflected waves of opposite 

polarity return from the tower base and alleviate the 

September 5, 1955 @ ELECTRICAL WORLD 
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reviewed with some care the Baga "Ppinciples for the Cal- 

nm of the Lightning Performance of a Transa@ission Line for 

t Lightning Stroke to the Line" by Ragnar wndholma, copies 

f which you sent to several engineers on May ©. of this year, 

ould Like te : summarize and comment on it as follows. 

> iP APD Oe a go § WAG & ; 
tae? Nee? Gedo He; 

The paper describes a method for calculation of the vo 

across ab insulator string on a conventional steel tra 

tower as a function of the lightning stroke current m 

steepness of front It also includes calculations for several 

eases in which the “Ligh itaing stroke aaevaat was 50,000 amperes, 

the front time varying from 6 to 1 microsecond. These < calculations 

are referred to a typical American Gas and Electr > 330kv trange 

mission tower. 

™ 

tag 
nsmisesion Line 

pa 

an 
menitude anc 

eae eb 
The method of calculations assumes that the stroke starts a 

tower top and comprises the following steps: 

‘ PRs coy wh yt Mh © in _ of & An the Ef age % 3 . od Bisse apy reid = 

L. Betermination Or the iivision of stroke current 

1.4 and 2 7% ms ar i . » Be shia 

lishment of a loop path including the insulator 
a ep 

=p tae *, & om ss, Ms q whe i) 79, : 

ne for determination of induced voltage. 

3. Petermination of the voltage across each eleme 

the new path inducea by stroke curren 

hae 

c t, tower c 

ground wire ers amd their ground reflections. 

in this determination, it was recognized that immediately 

after the Sicéption of current, current would flow in 

only a small leagth of each conducting path immediately 

adjacent to the point of inception ef the stroke, this 

length imereasing as the wave travelled away from point 

of inception along the \ various paths. 



PRINCIPLES FOR THE CALCULATION 
OF THE LIGHTNING PERFORMANCE OF A TRANSMISSION LINE 

FOR A DIRECT LIGHTNING STROKE To THR LINE 

BY: RAGNAR LUNDHOLM 

‘J Introduction 

In the older theories for the Spnenriatidian Of the Basgntning performance of a given type of line construction (the — | theory of Torok and Ellis- ~1933, 

| a | author-1944) one 

| tower top or 

of Jordan-1934, and of the 
i8 concerned chiefly with the voltage at the 

with the potential difference between the tower SRY top and the phase conductors. In the calculations the tower ig 
regarded either ag ®, concentrated inductance Or a8 a surge - POM) impedance. Some years &go the author began to Suspect that 
these theories, including his own, are in some respects 
insufficient and he published in a CIGRE Report, #305, 1952, a 
very brief outline of a new theory. This new method has since 

fp been developed further and will be described below after the 
gs somal for rejecting the older methods have been presented. 

The physica] definition of 

the electric potential difference 

V between two points A and B is} 

Va 7 Va ~: a as 

A 
Where Eg is the electric field 

component along the path of integration. 
static field V is 

Fig. 0-1 

In a pure electro- — 
*ndependent of the path of integration and 



Me. I. B. Johnson 
November 26, 1956 
Page & 
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‘&, Summation of all the voltages determined under (3) 
, to give the total voltage generated around the loop. 

Since the loop was selected in such a way that no 
yoltage could exist along any element of it except 
the insulator string, all of this voltage would 
appear across the insulator string. 

There is one point with regard tothe final step which is not made clear 
im the report and that is the question whether the summation is made all 

at the same time or whether some allowance is made for the time required 
for voltage generated in a relatively remote part of the loop to appear 
across the insulator string. Consider, for example, the voltage produced 
across the bottom ten feet of the tower as it is traversed by the surge 
of current flowing down the tower. If the voltages around the loop are 
summed just as the surge reaches the ground, this voltage will be 
jncluded in the sum; yet it is difficuit to see how this voltage could 
atfiect the voltage across the insulator string before a time enough — 
later to allow its influenes to reach there when traveling at the speed 
of light - approximately one tower transit time later. Gn this basis, 
summation on.a simultaneous basis appears to be wrong but it is mot 

 @lear from anything I have yet besn able to find in the report that 
any other procedure has been followed. Im fact, the statement on 
page 64 to the effect that “image currents will affect the -oitage 
-across the string before the string becomes enveloped in the sphere 
of influence from the image tower top" appears to indicate that simul- 
taneous summation has been used. Wo very careful study has been made 
of the effect of any correction which might be required on this account, 
but it would appear that the voltage im the second tenth of a micro- 
second would be decreased and that in the third tenth possibly increased, 
resulting in more nearly a straight line or concave wave shape instead 
of the convex curve arrived at by the author . . 

There are three other items which may infiuence the result in some 
cegree, These are: 

L. The surge impedance of the stroke path is assumed to be 
so high that the stroke current is negligibly modified 
by any voltages appearing at the tower top. 

2. The ground at the base of the tower is assumed to be 
infinitely conduct ing . 

3. The author states that no attempt has been made to include 
the voltages generated by displacement currents. 
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THE BRITISH ELECTRICAL AND ALLIED INDUSTRIES RESEARCH ASSOCIATION 

LIGHTNING FLASH COUNTER. 

The frequency of occurrence of lightning flashes to earth consti- 

tutes one of the main features of the lightning discharge on which more 

factual information is required by electrical supply engineers, physicists 

and meteorologists. An instrument capable of providing the necessary in- 

formation must not only be technically sound but must also be simple and 

inexpensive so as to facilitate its world-wide distribution. 

Following a suggestion by br £.T. Pierce of the Cavendish Laboratory, 

Cambridge, England, a lightning flash counter has been designed capable of 

recording lightning flashes to earth within a racivs of about 40 kilometres 

(25 miles). The device, as illustrated, is operated by the electrostatic 

field change produced by the return stroke of a lightning flash to earth 

from a negatively charged cloud. It consists essentially of a cold-cathode 

yalve connected to an input circuit designed to avoid operation as the re- 

sult of slow field changes and of cloud discharges. An electromagnetic 

counter registers the operation of the device. 

The instrument .is fitted with two dry batteries of standard pattern 

and is thus independent of external electricity supply. A test button per- 

mits checking the operation. The counter is to be connected to an outside 

aerial, the dimensions of which will be specified in an instruction sheet to 

be issued with the instrument. 

The counter is designated for use in the tropics. It is housed in a 

sheet steel case measuring 10 x 6 x 7 inches (25 x 15 x 17-5 om)» The total 

weight is 142 lb (64 kg). The cost of the device is £23 with a possible 

slight reduction for bulk orders. Orders for the instrument should be ad- 

dressed to - ; 

Messrs A. EE. Cawkell , 

Electronic Engineers, 
6-7 Victory Arcade, 

Southall , 
Middlesex, England. 

April, 1957. 
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-|CONCLUSION 
1. If an upward corona streamer 10 feet or more in length 

exists from a ground wire, the conventional concepts 

of mid-span lightning stroke voltages and currents 

are not seriously altered by the effects of released 

 gharges on the wires near the stricken point. 

2. Measured capacitances to earth of a model lightning 

pilot streamer channel account roughly for observed 

currents and tail wave shapes of lightning currents, 

but certain axial voltage gradients and expansion of 

streamer diameters are required. 

3. Magnetically induced currents for mid-span strokes 

can be neglected. 

4. Various model system charge density measurements on 

lines, towers, and earth are included, as well as 

a theoretical area effect in transmission line protec- 

~%LON. 
1 
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NATIONAL BURE AU OF STANDARDS 15¢ shift with frequency is also taken 

\ 

trors Introduced 

Cables 

> to be done for each different wave- 

ie of applied surge. Also, it is not 

pletely reliable unless the variation 

account. 
U. S. DEPARTMENT OF COMMERCE ' f be 

Washington 25, D. C. 1 experimenta approac is mu 

LAICAVULCIMTMU TILUL Call IcaUully DE Sec Up. 

However, all cables have some attenua- 

tion and their surge impedance is never. 

the same for all frequencies.4%? In 

low-voltage impulse work (where very 
short cables can be used) such factors may 

be negligible under certain conditions, 

but for measuring high-voltage surges a 

fairly long cable (50 feet or longer) is 
usually required and possible errors 

caused by the cable should be con- 

sidered, especially for measuring steeply 

rising surges. The purpose of this paper 
is to discuss such errors and devise 

methods for measuring and minimizing 

them. ; 

Attenuation Errors 

Cable losses are caused by the resistance 

of the center conductor and outside sheath 

together with conductance and dielectric 

hysteresis in the insulating material be- 

tween conductors. Losses are usually 
expressed as an attenuation in decibels 

per 100 feet at a fixed frequency and in 

general the logarithm of attenuation in — 

decibels increases in direct proportion to 

the logarithm of the frequency. For 

any given surge it is theoretically possible 

to determine the change in peak value 

and waveform caused by cable attenua- 

tion by using the known values of attenua- 

tion at various frequencies and the Fourier 

integral procedure. However such a 

procedure is time consuming and would 

Paper 58-110, recommended by the AIEE Special 
Instruments and Auxiliary Apparatus Committee 

and approved by the AIEE Technical Operations 
Department for presentation at the AIEE Winter 
General Meeting, New York, N. Y., February 2-7, 
1958. Manuscript submitted October 9, 1957; 

made available for printing November 8, 1957. 

J. H. Park is with the U. S. Department of Com- 
merce, National Bureau of Standards, Washington, 

a a 

The author acknowledges the assistance of H. N. 
Cones and J. L. Mills of the National Bureau of 
Standards who performed the experimental work 
reported in this paper. 

1 to apply and probably more 

reuable. One method is to arrange the 

surge generating circuit so that the pulse 

to be measured, or one similar to it in 

shape and rate of rise, can be accurately 

repeated from shot to shot. (The peak 
value can be repeated by using a linearly 

rising voltage chopped with a sphere gap.) 
Oscillograph records are then taken with 

(1) a measuring cable of minimum length 

LL, (2) a cable twice this length 2L, and 

(3) a cable three times this length 3L. If 

the oscillograms obtained under these 

three conditions are appreciably different 

in waveshape or peak value, a cable hav- 

ing lower attenuation should be used or a 

correction for attenuation computed. 
Polyethylene coaxial cables are used to 

obtain low attenuation and attenuation 

can be reduced by using a cable of mini- 

mum length and one whose center conduc- 

tor is large. 

For surges which, in general, rise 

linearly and are chopped by the spark- 

over of a gap, a correction for the error 

in peak-voltage measurement due to cable 

attenuation can be determined. This is 

done by obtaining values of peak volt- 
age with the three different cable lengths, 

L, 2L, and 3LZ as indicated. The de- 

crease in peak voltage AV when the cable 

length is changed from L to 2L should 

be the same as that obtained when the 

cable length is changed from 2L to 3L, 

within the accuracy of the measurements. . 

The average of the two values of AV is 

added to the peak. voltage obtained with - 

nc 
“6 Calg tai 24 fal 

Fig. 1. Attenuation of G2 wre 
linearly rising chopped surges A cake by RG-58/U and RG-8/U : 

coaxial cables 
nm 

Errors Due t 

duel 
a cable of length L to correct for attenua- 

tion. 

This method of correcting for cable 

attenuation was used during an investiga- 

tion of the change in sparkover value of 

standard 12.5-cm (centimeter)-diameter 

spheres set 6 cm apart as the rate of rise 

of the applied voltage was increased. 

Values of AV were obtained for rates of 

voltage rise from 10 to 10,000 kv per usec 

(microsecond). They were computed as 

a percentage of total voltage and plotted 

against rise time (time to sparkover) as 

obtained by dividing peak voltage by 

rate of rise. Results are shown in Fig. 1 
for RG-58/U and RG-8/U coaxial cables. 

able Termination 

For most imp ise and surge work the 

CRO cable is terminated by a non- 

inductive resistor which is considered to 

be equal to its surge impedance in ohms 

and thus to produce no errors due to re- | 

flections. This assumption is not strictly 

justified, because the surge impedance of 

all cables varies with frequency and re- 

flections due to different types of surges 

cannot all be prevented by a terminating 

resistor of fixed value. The change in im- 

pedance with frequency is introduced by 
(1) the cable resistance and conductance 

which put a jw term in the impedance and 

can only be neglected over certain fre- 

quency ranges and (2) the change in cable 

inductance caused by nonuniform distri- 

bution of current in the sheath and center 
conductor as frequency is increased. 

This last factor is actually due to skin 

effect which also causes a change in 

resistance with frequency and further 

complicates factor 1. 

Thurston* gives a plot in arbitrary 

units showing the variation of character- 

istic impedance with frequency for 

nominal 50-ohm polyethylene cables. 

Below 100 kc the impedance is given as 
constant and equal to 55 ohms. From 

100 ke to 10 megacycles there is a gradual 
change from 55 to 50 ohms and it remains 

at 50 ohms for higher frequencies. ‘Thus 

if a 50-ohm terminating resistor is used 

with a a cable (as would normally be 

2D ES EN CE CS 
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January 19, 1959 

Meo Ja &o Rawls, G LL 7 | 

Towers, Poles, and Conductors 
Subcommittee, AT : 

Virginia Electric and Power Co, 
Richmond 9, Virginia 

Dear Mr, Rawls: 

Attached herewith is a summary of the replies to 
the questionnaire on broken wire assumptions, which was 
issued in 1958 under the auspices of the Transmisgion and. 

Distribution Committees of the AIEE. 

A working group of the Towers, Poles, and Conductors 
Subcommittee developed the questionnaire, distributed it to 
63 utilities ox agencies operating lines of 60 kv or higher, 
and analyzed the replies. As is usual im instances where 

yo an questionnaires are utilized to obtain information, the comments 
| / Ts. wnich the various trangmission engineers supplied along with 
Ef the answers to the questionnaires are particularly interesting 

and informative. However, comments do not lend themselves to 
inclusion In summaries, and they are being tabulated in a far 
bulkier supplemental report in order that they may not be lost 
to the engineer interested in details. It is suggested that 
some means be found te place this bulkier information in the 
hands of transmission engineers concerned with the details of 
transmission design when the comments have all been tabulated. 

| _ The attached report summarizes the answers received 
to the questionnaire in fairly concise form, and is probably 
sultable for transmitting to our parent Transmission and 
Distribution Committee. In the event your Subcommittee finds 
it acceptable in its present form, enough copies have been 
provided to enable you to furnish this suemary to all the 
members of the committee, 

Very truly yours, 

y ee: 

E. L. KANOQUSE 
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Chart Finds Transmission Gradient Factor 

KARL W. SCHMIDT, Winnipeg, Manitoba 

Conductor surface gradient, which is dependent on this point with Pz: intersects the gradient factor scale. 

at least seven independent parameters, can be found This gradient factor multiplied by line voltage and 

with this nomogram. It can be valuable for gaining divided by 1,732 yields the maximum conductor sur-@ 

first information for such considerations in EHV work face gradient (first equation). The small sketch at the 

as electrostatic unbalance, corona loss and radio bottom of the opposite page shows the method. 

interference. Sas S 

The scales and curves of this chart have been derived ° e Bundled conductor. Proceed as above, but instead® 

from the generally known equation below tor F 4, of P, and Ps, use the projections on Li and Le drawng 

which is assumed to give the desired information with : ~ “ . s j 

- Meier 100 

sufficient accuracy. This equation, and so the nomo- from the grid points determined by the ratio d 

gram, is based on. the assumption of balanced charges the number of subconductors, n. Again, a sketch® 

and symmetrical bundle spacings not smaller than five shows the method. ? : 

conductor diameters. Sometimes the literature assumes that corona loss¥ 

The following apply: | is a function of either the average gradient factor org 

the arithmetic mean between average and maximumg 

d = conductor diameter , factors. If, then, instead of taking the projection on : 

H = line height em in equations; British units ; ; 

D = phase spacing in chart L». one enters the lower left erid with s (2 through 

$= epee aster Space 6) on line Le, the result is not the maximum but the§ 

n = number of subcondauctors 
. : 

ing fodine operating voltage, kv | average value of the gradient factor. 7 

F, = gradient factor, v(rms) per em per kv(rms) Examples given in the table are based on curves§ 

fae ones sah : 
. os | 

"G = Sata eet ke (rms) per cm Db, Adams” and Reichmann* computed by digital cous 

; oes, puter. These results check within 14%24% of those¥ 

pee obtained by the nomogram. 4 

1,732 : 

ss G for stranded conductor 
| Hand- § 

2 ~ G for smooth conductor of same diameter Adams 3 Reichmann Calculated § 

; ; Phase Center Center Outer Outer Center { 

fi Fos ee . Tv 

Pi? DOORS Ae I = log. AB) ; 

Me € : aI aoe d 1.5 1.0 1.1 0.6 1.246 

| where A= Qnrtlin(g dst1)7} In 
2 = ; 

iM when n = 1, 2 or 3 D 20 na BO 25 35 30 | 

_ 1.405 when n = 4, = | 

| & = 19 601 when n = 5 | H 60 4() 40 oO 60 | 

| 6.192 when n = 6 | 

| B = HD(4H? + D?)~!” for center phase n 1 2 5) 3 4 a 

ae 2 12 2 2\|-1/4 for ar phase 
B = HD{(4H? + D ) HI" -e D )] for each outer phase g pee ey 10 12 12 24 92 

| The procedure for finding the maximum gradient 1s 

| as follows: | F, 1.0 1.0 1.0 1.0 1.4 

e Single conductor. Enter the chart at the right with BE 380 340 460 302 500 

phase spacing, D, go across to height, H, then down G 771 16.65 16.65 16.65 20 22 

to edge L3. Draw a straight line from here to P,. ; sae a Genter peters 

| Draw a perpendicular to this line from the grid 

point, strand factor, Fo, NS conductor diameter, d, By Nomogram: 

5 ine Lg. (upper right grid) to scaleless line Ly. — 3 P, 90 99 614 90 69.5 

Read the result where a straight line connecting 3 . 

G 1 igen 16.29 16.31 16.26 20.06 | 

| Se ee SE 
: 

| eget ee mistaken for strani face as reremiy 07oree The nomogram makes it possible. to define an 

. y i -N. Stone. c ine to G- EB. ams’, e strand factor . ‘ : awe . 

| equals 1.4 it the pierre does not change the capacitance determine equivalent conductor diameters, not only 0, 

appreciably.” This assumption may not apply to bundled con- considering equality of corresponding gradients, bu 

ductors. If not, Fe could be determined by W. S. Peterson's | : 53 ; = 

formulas!, | also with respect to any other quantity. 

ecto ey May 14, 1962 @ ELECTRICAL WORLD. | 
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Details of the proposed 103-mile 

500-kv line linking systems of the 

Pacific Power & Light Co and Pa- 
cific Gas & Electric Co have now 
been disclosed. | 

Some 600. latticed-steel guyed 
H-frame structures 100 ft wide and 
120 ft high will be used in the $11- 
million line which will extend from 
Klamath Falls, Ore., to Round 

Mountain near Redding, Calif. GEW, 
Jan. 29, p 55). The average span 
is 900 ft. Each phase will consist 
of two ACSR Chuckar conductors 
of 1,780-MCM aluminum, 1.6 in. 
dia, spaced 18 in. horizontally. Out- 
side phases use suspension strings 
of 35 insulators. Center phase con- 
ductors are restrained by two V- 

takes into consideration the fact that 

much of the route is over mountain- 

ous and rolling country at 5,000-ft 
elevation with the maximum at 
5,800 it. 

The PG&E-designed structures, 
shown, will have longitudinal guys 
from the two 3-ft square legs to the 
ground. However, the structure is 
essentially stable without them, 
PG&E’s W. R. Johnson told Elec- 
trical World. Steels to be used are 
ASTM A-7 medium strength and 
high elastic with ultimate strength 
not less than 65,000 psi and yield 
strength mot less than 45,000. psi. 
Steel grillage footing will be used. 

Design has been coordinated with 
PP&L for uniformity. Each com- 

: é 

— Typical 500-Kv Suspension Structure _ 

pany will build half the line. When 
completed in 1963 it will be the 
first line built for commercial use 
at this voltage in the US. It will 
operate initially at 230 kv with 
230/500-kv substation _faciliites 
added later, when justified. 

strings of 35 units, as shown. 
The line will be designed and 

constructed for a maximum voltage 
of 550 kv. This is a 10% tolerance 

above the nominal 500 kv rather 
than the 5% currently used in the 
US. In addition the line design 

No design details have been fur- | 

nished on the similar 500-kv intertie : 

to Southern California Edison from ) 

-PG&E’s Round Mountain Substa- 

tion (EW, April 2, p 26). 

Industry to Present Exhibit at NY World’s Fair _ 

The nation’s investor-owned electric utilities’ exhibit 

at the 1964-65 New York World’s Fair will be housed 

in a newly designed “pavilion of light prisms,” accord- 

ing to Ernest R. Acker, chairman of the board of Cen- | 

tral Hudson Gas & Electric Corp and president of the 

corporation set up to administer the utilities’ participa- y 

tion in the fair. 
| 

“Vertically staggered triangular metal prisms will | 

rise to a height of 80 ft, forming an asymmetrical struc- | 

ture resembling a crystal palace of ever-changing light 

and color or a sort of Gothic ‘Cathedral of Light,’~ : 

Acker said. 7 

Three Pylons Crown Exhibit 

Crowning the pavilion will be three vertical pylons 

rising an additional 60 ft. The pylons will frame a 

vertical shaft of brilliant light and power rising from a | 

central core on the ground level of the structure. This | 

can be reviewed from a moving ramp carrying visitors | 

across a reflecting pool to the pavilion entrance. 

The interior walls of the vertical prisms are designed 

to serve directly as a background for the exhibit, be- : 

coming curtains of varicolored light. Visitors will be | 

carried through the exhibit chambers on an elevated ) 

revolving ring and will exit by a spiral ramp, leading 

them past the core of the tower of light. 

“With the prisms appearing to change color by day | 

and the extending effect of the tower of light high above ) 

the fair at night, the new pavilion will present a dramatic | 

picture,’ Acker commented. | 2 | PAVILION FOR NEW YORK FAIR (above) was designed by 

Robinson-Stern, who designed the industry’s Seattle exhibit 

58 May 14, 1962 ®@ ELECTRICAL WORLD 7 | 
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Time to go on a Statistical diet for 

Structural reliability 
Are your products overweight—yet unreliable as 

far as strength goes? If so, then you should 

design with statistical data in mind 

C. DICKS, Structural Specialist, S. WILSON, Project Engineer, General Electric Co, Daytona Beach, Fla 

i, Reese savings in weight and cost 

are possible by applying relia- 
bility techniques to structural design 
rather than to areas such as electron- 

ics. The problem, however, is that the 

structural designer, whether he is 
working on automobiles, missiles, air- 

craft, or home appliances, knows very 
little about statistical analysis—and the 
reliability expert knows very little 
about strength analysis. 

The classic approach in structural 
design is to determine working design 
stresses by multiplying the actual 
stresses by a safety factor. Then the 

- working design stresses are compared 
with the allowable strengths to obtain 

the margins of safety. 
- But when many structural compo- 
nents are involved and weight or ma- 
terial costs are important factors com- 
panies tend to take the final design, 

which includes the compounded safety 

L..FAILURES 

Structures Electromechanical 

USS Elee ronics 

Typical missile failure sources. Most 
failures occur in the electronics area. 
Structural failures are almost nonexist- 
ent—but in many cases structures are 
overweight. Missile program costs are 

factors, and arbitrarily reduce the 
final safety factor to obtain a more 
realistic design. They then build the 
assembly and subject it to dynamic 
testing, and when certain parts fail, 

as they sometimes do, they “beef up” 
portions of the design—a very costly 
and undesirable procedure. 

The new approach, just beginning 
to take hold, is to determine the “prob- 

ability of success” (the probability of 
failure is equal to one minus the prob- 
ability of success, so adding the two 
factors together gives a value of unity). 
This probability-of-success-factor can 
then obsolete the safety factor in many 
complex designs. 

The technique involves applying 
‘common statistical methods, such as 

the Monte Carlo method, to obtain a 

more realistic tie-in between loads, 
tolerances, and stresses. Because of the 

need for repetitive calculations, ‘it 1s 

2..COSTS 

- Electromechonical 
: Research 

¥ Propulsion 

high for structures because of the bulk 
of expensive materials and processes, 
so the slight increase in design cost by 
going to a structural reliability program 

is easily absorbed by the resulting sav- 

_ PRODUCT ENGINEERING ° OCTOBER 25, 1965 © 

engineering 

Services 

best to conduct the method on a com- 
puter, but a desk calculator may do in 
some cases. 

A simple problem is given here, 
with a step-by-step procedure based 
on the actual design of a structure— 
an automobile. door handle. 

Where do most failures occur? 

Experience tells us that electronic 
systems are more likely to cause a 
failure—especially in missiles, Fig 1— 
than are structures. So it is natural 
that electronics should receive the 
greatest attention and program cost, 

Fig..2. | 
Thanks to this highly subsidized re- 

search, the electronics engineer can 
tell approximately what the failure rate 
will be for a particular electronic sys- 
tem. Not so the structural designer. 
Without such “standard failure rates,” 

he usually just compares the design 

3... WEIGHT 

Payload~ Electromechanical 

» 5 eras 

ings that is obtained in materials and in 

electronic design costs. Largest weight 

contributor in a missile system (when 

the propellant of the propulsion system 

is excluded) is structures. . 

37 



MIL-STD-202C 
12 September 1963 

( __ SUPERSEDING Pas | MIL-STD-2028 
i ; 14 March 1960 
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Research and Development Center 64 
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SUMMARY ? 
A program has been prepared for the GE-625 computer 

in FORTRAN IV language to compute the dynamic behavior 

of a catenary and pantograph for railroad cars moving at 

constant velocity. The catenary is considered to consist 

of two wires joined by elastic hangers* at arbitrary 

locations. The upper catenary wire is in turn Supported 

by elastic towers at arbitrary locations. Account is taken 

of tension and mass in each wire, wire sag, damping of the 

wires, Springing between shoe and wire, springing and 

|damping between shoe and pantograph frame, damping of 

the pantograph frame to the railway car, lifting of the wire 

laway from the shoe, and stops in the pantograph to limit 
motion between shoe and pantograph frame. Up to eight 

jarbitrarily spaced pantographs can be included, with as 

many as sixty hangers and ten towers. 

CS 

*droppers 

KEY WORDS railroad pantograph, railroad catenary, dynamics, 
power collection, GE-625. computer, nonlinear 
mechanics, current-collecting 
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FIELD SERVICE TRIALS OF POLYMER INSULATORS FOR 
—— HIGH VOLTAGE TRANSMISSION LINES 

F. C. Vose 

SUMMARY 

The first report on crporR) insulators for high voltage transmission lines was pre- 

sented at the 1963 Summer Annual IEEE meeting in Toronto (CP-63-1039) and a second report 

on these insulators was presented at the IEEE Winter Power meeting in New York in 1964 

(CP-64-36). These two papers reported on the original concept of a polymer insulator and 

the limited field trials of the insulator, as well as on the laboratory tests and char- 

acteristics of a revised design of the original polymer insulator. Since the publication 

of these two papers, the revised design has undergone extensive field service tests on the 

transmission lines of many utilities in the United States, under widely varied atmospheric 

conditions. This paper has been written as an interim report on the results of these 

field service tests and to present a detailed description of the insulators and the labora 

tory tests that have been made on insulators returned from field service, with varying 

periods of time in the field. 

In order to keep track of all parameters in this large scale field trial, the follow- 

ing steps were taken: 

b. Fach insulator manufactured was marked with a serial number. The date of its 

manufacture and conditions relating to the manufacturing process were recorded. 

Z% Each utility participating in the field trials was asked to return a question-~ 

naire on the details of the installation of the insulators. This provided in- 

formation on the date of installation, the voltage applied and any pertinent 

details concerning exposure, such as degree of contamination and kind of con- 

taminants involved in the exposure. 

3. Records were kept of the serial numbers of the insulators and the exposure as 

indicated by the returned questionnaires. 

It was suggested to the sixty-eight utilities cooperating in the field trials that at 

least some of the exposure be made in severe locations so that a true cross-section of 

operating conditions would be obtained. Actually, of the approximately 1,700 insulators 

in service, a disproportionately high percentage was placed in areas involving severe con- 

tamination of various kinds. | 

The first insulators of this design were placed in service on field trial in October, 

1963, and additional quantities have been put into service at intervals since then. Some 

of the 1,700 insulators presently in service have been operating for seventeen months and 

some of the more recent units have been in service for only a few months. The weighted 

average service time is probably about six months. 

Of those insulators which have been placed in areas subject to abnormally severe con- 

taminants, the contaminating materials covered a wide range including salt, gypsum, coal 

dust, fertilizer dust, fly ash, limestone, phosphates, acid fumes, cement, potash dust and 

heavy industrial contamination. In these field trials none of the insulators of this de- 

sign were washed, even though in some cases porcelain insulators, when used in these same 

exposures, were subjected to regular washing operations. | 

In several cases the insulators were placed in areas which have been notorious for 

vandalism and where porcelain insulators were regularly broken by rifle fire. 



PLASTIC SUSPENSION INSULATORS 

‘Js. Ge Parker 

Memphis Light, Gas, and Water Division 

On a 115-kv overhead line feeding a chemical plant, we find corona on conventional 

5 3/4'' x 10" porcelain suspension insulators from time to time. This corona occurs 

only when these insulators are contaminated with matter originating in the plant and 

when their surfaces are also wet due to severe condensation, fog or mist. This corona 

has not resulted in a flashover or any damage, but it is a nuisance because when the 

plant operators see it they become alarmed and insist that we eliminate it before it re- 

sults in a flashover that would interrupt their production. 

The addition of two insulators to the nominal seven insulator strings we use on 

115-kv lines did not appreciably improve this condition. 

The contamination has the appearance of a deposit of fine white dust a few mils 

thick. It can easily be wiped off of the insulators, but a new deposit soon reappears. 

Cleaning the insulators and applying Insulgrease eliminated this trouble for about 

a year. However, it was found to be difficult to remove from the insulators at the end 

of its useful life. The substitution of Insulcone for Insulgrease produced the same re- 

sults and could easily be wiped off of the insulators at the end of its useful life. We 

realize that with different contaminants the performance of these two products will 

probably be different. Other brands of silicones of the same types will no doubt pro- 

duce the same results. 

Upon the insistence of a manufacturer that this annual maintenance could be elim- 

inated by using his polymer insulators, we purchased six for a trial installation. These 

one-piece, 1l2-petticoat insulators were each supposed to be the equivalent of a string 

of seven standard ten-inch porcelain-suspension insulators. The delivered cost was 

approximately three times the cost of the equivalent standard insulators. These insu- 

lators were installed at random in the contaminated area. Their trouble-free life was 

approximately half that of porcelain insulators coated with Insulcone. 

The polymer insulators have been removed and the manufacturer notified. His 

comments will be interesting. 

Upon examining the polymer insulators after removal, about the same amount of 

contamination was found on them as on porcelain insulators. Tracking was found only 

at One point on one insulator. This tracking was confined to an area approximately 

3/32'' x 1/2" and was apparently over the end of the metallic fitting embedded in the end 

of the insulator. The depth of the tracking could not be determined without dissecting 

the insulator which was not considered advisable until the insulator is examined by the 

manufacturer. All of the insulators had rough spots of various sizes and shapes at ran- 

‘dom locations on their surfaces. There was no indication that these insulators would 

| | 
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Introduction 

| One of the major components in the air blast circuit breaker is a 
: column of porcelain which supports the interrupting head above ground 
, both electrically and physically. These columns must have capability | to withstand high steady state and high impulse electrical stresses, | 
| Furthermore, by means of exterior convolutions sufficent creepage path. 
| is provided so that atmospheric contaminents will not permit electrical 
| conduction between the high potential interrupting head and the ground, — 

| Furthermore, these columns serve as structural members holding up the 
heavy steel casings containing the interrupting mechanisms. There | 
are also extra loads due to pull of the transmission lines, wind and | vibrational loading. Additionally there is a large axial load which 

_.. is produced by the internal tie-rod construction which helds the 
interrupting head to the base of the circuit breaker. This is 
necessitated by the design using porcelain in which the porcelain column 
must be kept under compression for suitable mechanical performance; | 
in addition, a high load must be applied te elastomer gaskets used in 
the sealing of high dielectric gases in the insulating column. | 

| 
| 

| The use of a fiberglass wound structure to act as both the electrical | and mechanical support for) the interrupting head has been considered | for some time. New advances in resin and glass winding technology | | have increased confidence that such a structure could be made to. | perform the required function satisfactorily, and, additionally, give | , the very long life that is required for use in utility apparatus. 
Bt Evidence of satisfactory life has been obtained from the experience of. the Insulator Department (Baltimore) which has had in service for over 

five years fiberglass reinforced, epoxy clad, transmission line tension | supports. Other manufacturers have made many filament wound structures | and have gained valuable experience in understanding how such rein=- _ forced composite structures can satisfactorily carry heavy leads. 

| | i 
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Having explored extensively 

dynamic effects on insulators in 

previous chapters, it would seem 

desirable to summarize the question 

with some specific comments. These 

may sometimes appear in a degree 

of conflict. We feel sure, however, 

the reader will gather from the dis- 

cussion at least an appreciation of 

the complexity of the subject. 

Obviously there is a magnitude 

of vibratory deflection below which 

pin flexure is relatively harmiess, 

and above which it is hazardous. 

Figures 1 and 2 depict typical ex- 

amples of these conditions. Pin 

providing data for Figure 1 has a 

large diameter for most of its length, 

“and necks-down to a shank of .72- 

inch diameter for a length of only 

55-inch. (See Figure 3) This is 

an extreme case of reduced flexure 

in both length and diameter of the 

flexing member. Data in Figure 2 

is typical of a pin with a diameter 

of .625-inch and an exposed length 

of 1.75-inch over which this di- 

ameter exists, giving it considerable 

flexure length. (See Figure 4) The 

difference in fatigue tolerance be- 

tween the two pins is considerable. 

. Every pin design shows a typical 

range of tolerance, and the O-B lab- 

oratory has investigated most of the 

common pins now on the market. 

The data shows many differences 

resulting from pin conformation, but 

the general comparison between the 

shorter, less-flexible shank and the 

longer, more-flexible type is the 

most significant, and is presented in 

the two curves. 

it will be noted in Figures 1 and. 

,2 that mechanical load on the insu- 

‘lators is not an important factor, as 

indicated by the rather narrow dis- 

persion of the line. Maximum ser- 

vice load is the common application 

assumption of 50 per cent of rated 

strength. load is the 

equivalent ofa lightly loaded sus- 
Minimum 

pension point. For convenience, call 

this under 1,000 pounds. Bear in 

mind that in tangent points, load on 

the pin has little relation to con-- 

ductor tension. 

Fracture at the fillet line on the 

head of the pin of a ball-and-socket 

connection is a dynamic fatigue 

phenomenon, having only a second- 

order relation to static tensile load. 

While static load opens this frac- 

ture line more rapidly when it is 

established, it is not a primary fac- 

tor in initiating the condition. 

This being the case, why is con- 

ductor tension such an important 

consideration not only in strain but 

in tangent positions? It must be 

understood that pin damage is a 

function of aeolian vibration in the 

conductor. This vibration results 

from a “tuned” condition, and is af- 

fected by internal damping of the 

cable. Conductors strung below 15 

per cent. of their ultimate strength 

are basically self-damping, but very 

~ few such low tensions exist on mod-~ 

ern EHV lines with long spans and 

generous ground clearances. Aeolian 

response of conductors is a subject 

tay into the province of the cable 

manufacturer, and we will not pre- 

sume to trespass on this territory. 

However, it is clearly delineated 

and we urgently recommend a thor- 

ough investigation as a part of pre- 

liminary line design. 

We now reach a controversial 

point, namely, armor rods and vi- 

bration dampers. Like the umpire 

in a baseball game, we will call balls 

and strikes “as we see ‘em’ and 

may elicit some boos from the 

_ bleachers. 

For the purpose of protecting the 

insulator string from damaging vi- 

bration, any damping device on the 

conductor must absorb energy in 

sufficient degree to fall within the 

limits outlined in Figures 1 and 2. 

We ignore the effect of such de- 

NCY OF INSULATORS» a 

vices on the conductor they 

may or may not be adequate to fur- 

nish protection for this member. We 

confine ourselves to the question of 

how much vibration generated in 

the open span will reach an insu- 

lator string. 

According to conductor manufac- 

turers, there are two general cate- 

gories of armor rods, from an 

energy-absorption standpoint: (A) 

Fither formed or straight, of con- 

tinuous diameter. (B) Tapered, 

which change pitch when wrapped 

and set up inter-strand friction. The 

first type supplies no protection to 

the insulator string. The second 

provides a moderate degree otf 

energy absorption. 

Vibration dampers of accepted 

design are highly effective. We 

know of only one service failure of 

an insulator string protected by 

dampers. Dampers, in this case, 

were not installed for a short time 

after the line was built, and dur- 

ing this period a pin fracture was 

undoubtedly initiated. This frac- 

ture was then able to grow with 

the low level of vibration permitted 

by the dampers. Study of the frac- 

ture showed many progressive 

stages of its development. 

Much of this discussion is predi- 

cated on a knowledge of amplitude 

and loop length in a vibrating string 

of insulators. Observation of these 

phenomena is extremely difficult. 

As was mentioned in the previous 

chapter, this observation is best 

done with a transit telescope which 

brings the viewer within a few feet 

of the.insulator and provides a hair 

line as a reference point. This ob- 

servation must be done from the 

side of the line because of orienta- 

tion of the vibratory movement. 

Fven under ideal conditions, a 

string of insulators in vibration ap- 

pears aS no more than a blur at 

the antinode points, and accurate 

measurement of this fuzzy image 

s 

| 
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A POLYMER INSULATOR FOR 

HIGH VOLTAGE TRANSMISSION LINES 

F.C. Vose F. S. Nichols 

SUMMARY 

Porcelain has been the principal insulating element in suspension insulators for 
many years. This paper describes how a modified epoxy type polymer with a fiberglass 

core is used in the design of a developmental suspension insulator for application on 

future transmission lines. Included in the paper is a resume of certain special tests 

run to prove the insulator, and a review of its current service record. The potential 
advantages of this type of insulator are summarized. 

INTRODUCTION 

Wet process electrical porcelain has been used in all types of suspension insula- 

tors for many years. Its long life, high dielectric strength, imperviousness to most 

chemicals, resistance to electrical tracking, and low materials cost have retained for 

porcelain a unique position as the insulating element in suspension insulators. There 

are probably over a hundred million porcelain suspension insulators in service today 
in the United States. Some of these have been providing reliable service over the span 
of many decades. For these reasons, efforts to replace the porcelain with other materi- 

als has so far been significantly unsuccessful. 

Voltages and mechanical loads on insulators are increasing as the trends toward 

higher voltages, use of large conductors, multiple conductors and longer spans con- 

tinue, These factors bring increasing need for higher reliability in materials and 
components for use in transmission lines. The need for an even better suspension 
insulator to meet these requirements becomes readily apparent. These needs can be de- 
fined in terms of practical design consideration. 

1. A lighter but stronger insulator would facilitate construction and hot line main- 
tenance, 

Fd. An insulator with a much higher resistance to impact would reduce the suscepti- 
bility to breakage during handling and erection, and also would reduce outages 

caused by rifle fire and other accidental and malicious impacts during normal 
operation. 

3. Puncture proof insulators, with the ability to sustain power arc follow currents 

without damage, would reduce outages due to lightning and switching surges, and 

would eliminate dropped lines caused by puncture induced explosion forces. 

Early in 1954, a program was initiated by the General Electric Company to find an 
insulating material for use in outdoor insulators which would provide maximum reliability 
consistent with the utility industry's future requirements. Literally hundreds of for- 
mulations were investigated and tested. Finally, in 1957, a modified epoxy type peLyaee 
which appeared to meet our requirements for outdoor service was developed. 

To fully explore the possibilities was a time-consuming process. It involved a 
great variety of investigations and tests to truly understand the characteristics of 
this material and to develop means of designing practical insulators with it as a 
base, When working with any new material for application to the exacting requirements 

of high voltage insulators, one must put aside preconceived ideas. Many of the design 
and test criteria presently applied to porcelain insulators are either meaningless or 
inadequate when applied to materials having entirely different characteristics. Other 
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FIELD SERVICE TRIALS OF POLYMER INSULATORS FOR 

HIGH VOLTAGE TRANSMISSION LINES 

F. C. Vose 

SUMMARY 

The first report on crpor&) insulators for high voltage transmission lines was pre~- 

sented at the 1963 Summer Annual IEEE meeting in Toronto (CP-63-1039) and a second report 

on these insulators was presented at the IEEE Winter Power meeting in New York in 1964 

(CP- 64-36). These two papers reported on the original concept of a polymer insulator and 

the limited field trials of the insulator, as well as on the laboratory tests and char- 

acteristics of a revised design of the original polymer insulator. Since the publication 

of these two papers, the revised design has undergone extensive field service tests on the 

transmission lines of many utilities in the United States, under widely varied atmospheric 

conditions. This paper has been written as an interim report on the results of these 

field service tests and to present a detailed description of the insulators and the labora 

tory tests that have been made on insulators returned from field service, with varying 

periods of time in the field. 

INTRODUCTION 

In order to keep track of all parameters in this large scale field trial, the follow- 

ing steps were taken; 

1. Each insulator manufactured was marked with a serial number. The date of its 

| manufacture and conditions relating to the manufacturing process were recorded. 

hx Each utility participating in the field trials was asked to return a question-~ 

naire on the details of the installation of the insulators. This provided in- 

formation on the date of installation, the voltage applied and any pertinent 

details concerning exposure, such as degree of contamination and kind of con- 

taminants involved in the exposure. | 

3. . Records were kept of the serial numbers of the insulators and the exposure as 

indicated by the returned questionnaires. 

It was suggested to the sixty-eight utilities cooperating in the field trials that at 

‘least some of the exposure be made in severe locations so that a true cross-section of 

operating conditions would be obtained. Actually, of the approximately 1,700. insulators 

in service, a disproportionately high percentage was placed in areas involving severe con~ 

tamination of various kinds. 

The first insulators of this design were placed in service on field trial in October, 

1963, and additional quantities have been put into service at intervals since then. Some 

of the 1,700 insulators presently in service have been operating for seventeen months and 

some of the more recent units have been in service for only a few months. The weighted 

average service time is probably about six months. os 

Of those insulators which have been placed in areas subject to abnormally severe con- 

taminants, the contaminating materials covered a wide range including salt, gypsum, coal 

dust, fertilizer dust, fly ash, limestone, phosphates, acid fumes, cement, potash dust and 

heavy industrial contamination, In these field trials none of the insulators of this de- 

sign were washed, even though in some cases porcelain insulators, when used in these same 

exposures, were subjected to regular washing operations. | 3 

In several cases the insulators were placed in areas which have been notorious ‘for 

vandalism and where porcelain insulators were regularly broken by rifle fire. H 
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how the development GM : EDITOR'S NOTE: Since the in- 
troduction ‘of the Futura insulator 

of improved research last July. our efforts in this publi- 

i cation have been directed primar- 

tools aided the : — ily toward a more complete explan - 

| ation of the substantial benefits 

development of an users should expect from this in- 

sulator as a result of the incorpor- 

ation of the Corrosion Interceptiny 

| FUTURA A NEW DESIGN 

Among the early problems con- 

fronting O-B engineers in their 

search for an improved insulator 

design was the problem of deter- 

mining -- more precisely and more 

improved insulator design 

MALLEABLE 
IRON CAP 

CEMENT 

accurately than ever before -- 

what actually happens to an insu- 

lator when it is subjected to vari- 

ous types of mechanical and elec- 

trical loads and stresses.’ 

Conventional tools and tests, 

techniques and instrumentation, 

were frequently too crude to probe 

many of the areas they wanted to 

explore more thoroughly. 

PORCELAIN ’ 
HEAD 

_ RADIAL FORCE 
EXERTED BY 
PIN UNDER 
LOAD 

They had to develop, for ex- 

ample, a new technique of impulse — 

testing, new instrumentation to 

record fast waves (of the order of 

O01 micre-seconds), improved ways 

to measure the deflection of porce- 

lain under mechanical load, and 

other new laboratory aids. 

Some of the new tools they 

developed will be revealed for the 

first time in future technical papers: 

others will be discussed in this 

publication. 

CEMENT 
PIN 

Cross-sectional drawing of O-B_ insulator 

32440 (predecessor of the new Futura) shows 

how forces exerted by the pin are transmit- 

ted radially through the cement in the pin- 

hole: to the porcelain head of the insulator. 

and from there through the cement in the “ae 

eap to the cap itself. 
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Ee MEMORANDUM L “NAN TAQ Sf | 

po: All Supervisors 

FROM: Paul Ankrim 

SUBJECT: Roof. Leaks Survey Report 

DATE : May 3, 1989 (Wednesday) 

pecans Genera peneeuns Gememtss GREET GEDCIES Goulet: GESTED CENEUD GEES QUEER) (enSGS GEES GUESS SUSE GETS SOA GREED EENEE meee enees SNEED SH GED Sep CEES SUMED SENNES GEde SERED SERN SOO SEN SS CE Soe SES Ge Gene Gwe Ge wae oe Cee eS eS eee ee ee ee Se eS ee SED CES SEE Ce tee ee SS Se ee 
ee en ee en rr re ee ee EE EE eS ES EE NE ES LS EE SR OE EE ES SS NS NY NS LE A AE A A A A SS SS 

Attached are three different reports (six sheets of paper) relating to the 
factory leaks that were reported by Locke supervisors. ; 

Fach leak has a unique number and locator number. The number in most cases 
takes the Department Number and adds to it sequential two-digit numbers | 
beginning with 01. Hence, for example, leak Number 02001 is the first leak i 
reported by the Shipping Department. | a ages 

Only the Ceramics Lab and High Voltage Lab have a different numbering system 
in this survey. (The specially prepared map for the Ceramics Lab is not . 
attached to this report.) | 

The attached map records 68 of the 79 leaks’ approximate positions. Those of 
the Ceramic Lab and High Voltage Lab are not plotted. 

Please see the attached data recording form for understanding the various 
headings: such as’ 'Prior#i," “‘other-des," etc. ‘ 

The reports are: 

nae "Leaks Summary, ali Fields--this provides an overview of all responses. 

2. Three reports providing detailed information about leaks in each of the 
three classifications. The number of each classification is as 

follows: . roy He | 

a. Dangerous: 24 (30.4 %), of which eight are in department 165 
and four are in department 169. 

b. Hazardous: 21 (26.6 %), of which four are in department 161. 
-c. °-Damaging: 34 (43.0%), of which half are equally shared by 

departments 020 and the ceramic lab. 

Thank you very much for your cooperation in completing this survey. Perhaps 
you will discover leaks or condensation that are not recorded, especially from 

pipes, drain leaders, heaters, air conditioning tubes, etc. Please provide 
that information at your convenience. 

Documenting the leaks was the easiest step; making the repairs is the real 

challenge, but you have my assurance that these will be made as efficiently 
and timely as possible. 
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1796-63-8 

Basic Text of Presentation on 

New Polymer Insulator for High Voltage 

Transmission Lines at Press Meeting on May 8, 1963 

at Park Lane Hotel, New York City | 

Arthur E, Peltosalo, General Manager 
Insulator Department 

General Electric Company 
Baltimore, Maryland 

A 

General Electric announces Phase 3 of its long range 

program to provide uniquely different insulation systems for 

high voltage electric power Systems. Phase 3 is pilot pro- 

duction of fiber-—glass polymer suspension insulators (Company 

trademark is GEPOL) in cooperation with electric utility 

Systems who will make trial installations in 1963-64, 

The initial phase of this research program was the 

development of the material and process for an experimental 

insulator model. The Second phase involved limited field test 

installations, along with continued process development in 

perfecting the initial experimental models. 

er 

~more- 
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Paper No. CP 

63-1039 

A POLYMER INSULATOR FOR HIGH VOLTAGE TRANSMISSION LINES 

| / 

F. C. Vose F.-S.° Nichols 

Senior Member IEEE Phen General Electric Co. 

General Electric Co. Pittsfield, Mass. 

Baltimore, Md. 

A paper recommended by the IEEE Transmission and Distribution Con- 

mittee for presentation at the IEEE Summer General Meeting and 

Nuclear Radiation Effects Conference, Toronto, Ont., Canada, June 

16-21, 1963. Manuscript submitted March 26, 1963; made available 

for printing April 18, 1963. 
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NEW THOUGHTS ON HIGH VOLTAGE INSULATORS 

H. A. Frey, Mgr .-Engineering 

Insulator Department — General Electric Company 

I very much appreciate this opportunity to present tothe Electrical Equipment 

Committee some of the new thoughts on materials for high voltage insulators, and 

the preetens associated iin such material, 

iE know that: your Committee’ S primary interest lies in electrical equipment 

and apparatus insulation rather than line insulation, However, in these two 

areas the fundamental insulating material problems are interchangeable so that 

I hope you will understand if many of my vegeta are directed toward line thveldtera: 

since it is in this area that we have fick of our total experience with some of 

the new materials for high voltage outdoor insulation. 

Virtually all high voltage insulators, whether used in apparatus or as line 

insulation, must perform three basic functions: 

1, They must provide mechanical support and so ehes must have 

mechanical strength consistent with their expected service load. 

2 They must have adequate dielectric strength to support line 

voltage plus expected overvoltages due to surges. 

Be They must be so designed as to make efficient electrical use of 

the surrounding medium, which in the case of outdoor insulators 

is’ air. 

In the most general sense, the Beale requirements for the materials of 

| with high voltage outdoor insulators are made are shown in the following 

tabulation, 
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SOME CHARACTERISTICS OF POLYMER INSULATORS FOR 
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F. C. Vose 

Senior Member IEEE > 
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A paper recommended by the IEEE Transmission and Distribution Com- 
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‘discovered. 

i insulation, but were unable to add additional insulaters because of the limited 

‘The use of Fiberglas in the bonatruction of transmission lines has 

increased in the last few years as new ways of using this material are being 

I Souid like oe te eli. you at several ways hat’ we at Carolina Power 

& Light Company are putting it to use on our transmission lines. 

Since it has such a high insulating value we are cevice to use it ie 

to raise the impulse level of the structure by replacing certain parts of the 

structure with the Fiberglas. ; | | 

} For exemple, on one of our older 115 KV double circuit: tover lines | 

we wished to improve the lightning performence of the line by increasing the 

airgap clearance between the top conductor and the middle crossarm brace. This 

clearance limited the number of insulators that could be installed. 

In order to increase the airgep we are in the process of replacing 

the middle croseerm brace with Sibersles braces. 

These braces are to be ordered with a eurnbuskle in one end. The turn- 

buckle is for the purpose of allowing the brace to be delivered with the normal 

‘manufacturing tolerances as to length. Unless special procedures. are used to 

obtein an exact Length for the Fibergles brace, the tolerences would be too 

large for the brace to be. substituted for the metal ae on the arm. The turne 

buckle provided a conventent means of ‘adjusting the length to ett the tower. 

These braces cost ‘about $12.00, and allow us to increase the number of insula- 

tors from 7 to 9, The replecing of the brace is done at the same time we re- 

: conductor the line, 

On wood H-frame lines the same Fiberglas brace with built-in turnbuckle 

can alse be used ag outeide knee braces to support the ends of the crossarm. 
pat 
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EPOXY HIGH VOLTAGE INSULATORS 
FOR OUTDOOR USE | 

Edward S. Wheeler 
Mana ger-Engineering 

General Electric Company 
Insulator Department 
Baltimore, Maryland 

For presentation at the Symposium 

"HIGH VOLTAGE APPLICATIONS OF EPOXIDE RESINS" 

The University of Manchester 
Institute of Science and Technology 
Manchester, England 

April 6, 1967 
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Se eee 3 ; IEEE TRANSACTIONS ON POWER APPARATUS AND SYSTEMS 

with which it can make a bilateral schedule change; it is desired to 
_ balance out for total inadvertent in each area; if the algebraic sum 

of all inadvertent around the interconnection is or can be made Zero, 
full balance between areas can be achieved; and, if it is not or can not 
be made zero, then there is a residual amount of inadvertent that is 

_uncorrectable, and the equitable thing to do is to distribute it among 
all areas in proportion to their size. | | 

The suggested technique is for all areas, at regular and previously 
_ stipulated times and for previously stipulated periods, to reset their 
- net interchange schedules to eliminate their respective inadvertent 
accumulations during the stipulated period. This would be done 
universally and regularly, on a.system-wise basis, at hourly or other 
time intervals, and for stated time periods which could even be the 

full hour. ‘To the extent that areas can respond to these reset sched- 
ules, inadvertent accumulations would be corrected. 

If the algebraic sum of all inadvertents were indeed zero, as several 
of the discussers suggest it would be, then the algebraic sum of sched- — 
ule offsets would be zero, and frequency would not be influenced as 

inadvertent. accounts were being automatically reduced to zero. 
If it turned out that the algebraic sum of inadvertents were not zero, 
then there is an uncorrectable residual inadvertent. The algebraic | 
sum of schedule offsets would not be zero, and a small frequency 
deviation would develop, sufficient to spread the uncorrectable ac-’ 
cumulation uniformly among all areas in proportion to their bias 

settings. 
To simplify matters for system operators, and to avoid confusion 

with normal interchange schedule settings, separate setting dials 
could_be used for the inadvertent correction setting. In each case it 

_. could be calibrated directly in terms of the inadvertent accumulation 
to be corrected, with appropriate allowance for the stipulated time 

j 

oe 
aN 

\ 
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allocated to the correction. Suitable megawatt constraints and fre- 
quency limits within which the corrections would be effective could 
be applied. rhs bea: Sa Rees 

It is recognized that the suggested technique would require regu- 
larly scheduled concerted setting action on the part of all areas. 
Perhaps operating areas would not regard this as a greater burden 
than system-wide concerted resetting of frequency schedules for 
time error correction, particularly since the inadvertent accumulation — 
correction action would be taken at regular times on a universal 
system-wide programmed basis. 

In closing, I again wish to thank the several discussers for their 
thoughtful and penetrating comments. 
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. Concept and | Analysis of Epoxy—Ceramic Insulation 

_...... System for Overhead Lines 7 
HUGH G. HALLY, SENIOR MEMBER, IEEE, AND CHARLES A. POPECK, SENIOR MEMBER, [REE 

Abstract—A new insulation system for overhead electric lines is » 
presented, together with the system concept and analysis of testing | 
and development data upon which specific designs and application 
of epoxy—ceramic assemblies (ECA) have been based. For the 
purposes of data presentation and application referral, the discussion © 
is directed principally toward transmission voltages of 69 kV and: 
above. However, the system presented applies to the lower voltages 
as well. | gee : | ; 

; PRESENT PROBLEMS AND NEEDS 

HE NEED for improved and more sophisticated insulation | 
techniques for overhead systems is becoming increasingly — 

apparent as the problems of “‘beautility,” reliability, right of 
way, higher voltages, and underground are brought into focus 
in practical and economic relationships. The ECA insulation 
system is proposed as a major step toward fulfillment of such 
needs by providing shorter arm lengths and shorter suspension 
insulator. string length. | } ‘ 

Ne uv 

Paper 31 TP 66-401, recommended and approved by the Trans- 
mission and Distribution Committee of the IEEE Power Group for 

_ presentation at the IEEE Summer Power Meeting, New Oyleans, | 
_La., July 10-15, 1966. Manuscript submitted April 11, 1966; midde - 
available for printing June 14, 1967. eras 

The authors are with the A. B. Chance Company, Centralia, Mo. 

In many situations, the most realistic alternative to heavy 
investment in new overhead or underground facilities and right 
of way is the upgrading of the existing overhead plant to higher 
capacity through conversion to higher voltages. Of prime con- 

~ sideration in such ventures is the preservation of existing right 
of way boundaries,-the appearance of the converted structures, - 
and the adequacy of the line insulation to give satisfactory per- 
formance. ? 23 

Traditional overhead construction consisting of  wood- 
porcelain or steel—porcelain combinations has a long history, but. 
it has not been without its problems. Pole fires, crossarm burning, 
and uncertainties in impulse levels and insulation coordination _ 
have caused greater spacings and more insulation to be provided — 
than might otherwise be required. With voltage levels grad- 
ually increasing over the years, overall economic and practical 
considerations indicate the necessity for departures from former 
practices.) 4.4) | | ge 

The search for new insulating materials and techniques for 
overhead line construction has been going on for several decades. 

_ Until recent years, however, the lack of sufficient and accurate 
information regarding the performance characteristics of con- 
ventional construction has slowed the efforts toward a more 
sophisticated insulation system. "! 

Overhead line construction and insulation techniques now seem 
to be entering a new era. Vastly increased testing facilities, 

soe 
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CHARACTERISTICS OF FIBERGLASS AND POLYMER INSULATION 

Edward S. Wheeler 

General Electric Company 

Baltimore, Maryland 

INTRODUCTION 

Although today we tend to think that porcelain line insulation has 

always given satisfactory operation, there really are several things 

historically not quite right ,with that. point of view. For the first 

thirty years or so of its use, porcelain. insulation was unreliable 

all too frequently. Fortunately, utilities and manufacturers alike 

learned the problems of porcelain, and designed the product and use 

of it to accommodate these shortcomings. Nowhere has that been | 

truer than in suspension insulators, From the manufacturer's view- 

point, the product is slow to manufacture, heavy, and can be fragile 

if handled roughly. Designs and processes must reflect the inherent 

nature of the materials used. The utility is concerned with its 

bulkiness and weight, and must allow considerable warehouse space for 

its storage. The suspension insulator's arch enemy has historically 

been the gun carrying vandal, but more recently the ecologist has 

turned our attention to the appearance of its bulky profile, and the 

clutter on the pole top that can easily be caused with several por- 

celain discs in series, 

Seventeen years ago we began to study outdoor high voltage insula- 

tion, asking whether some alternative might be found in the newer 
insulation materials, What developed from more than a decade of re- 

search and development has come to be known as the GEPOIY insulator. 

(Figure 1) 

The GEPOL insulator is, properly speaking, a track-resistant, fiber- 

glass reinforced polymer insulator. It depends for its electrical 

and mechanical integrity on a fiberglass reinforced central rod, 
about which is cast the track-resistant material, a flexibilized 

epoxy formulation. 

It would have been possible to make a plastic insulator along these 

general lines twenty years ago. It would not have worked, however. 

scientists and design engineers have known for many years that al- 

most all organic materials will track when exposed to contamination 
and moisture outdoors in electrical service. Tracking may be defined 

as the formation of carbonaceous conducting paths on the surface of 

Di odamark of General Electric Co. 
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at 

NGK INSULATORS, LTD. 
_(Nippen Gaishi Kaisha, Ltd.) 

-. MIZUHO, NAGOYA, JAPAM 

re 

RESIN INSULATOR *. 

(Abstract of NGK Review No,27, Jan,, 1969 ) 

OUTDOOR RESIN INSULATORS 

What has been said fill now is all about indoor resin insulators which 

are made of bisphenol-type epoxy resin, This bisphenol-type epoxy resin 

contains in its structural formula benzene nucleus, because of which it 

lecks strength agsinst tracking under outdoor polluted conditions, 

It is reported that Outdoor Resin Insulators using ® resin of this type 

have been put into trial service on transmission lines of some utilities 

in USA, but unfortunately within a year tracking occurred on the resin 

surface of some of these specimens, 

Tracking is related to the "mobility" of electron and its characteristics 

vary according to the quantity of benzene nucleus and to the numb er of 

conjugate double bonds, 

Qur recent research revealed that for lack of benzene nucleus as shown 

in (4) formula, some formulation of cycloaliphatic type resin has excellent 

weatherability and anti-tracking characteristics, which make it feasible 

for outdoor use, 

jou CHO 
| CH CH —CHO 
| | A al | mass LACE: 

CH CH ~ 
“CH: Chis 



— . . a = _ pa so = == I a —— Pe ee Te ss = SSS ESE SS a er Sa 

-2X.NGK INSULATORS, LTD. 
MIZUHO, NAGOYA, JAPAN 

Apride2o, 1974 

To: LOCKE INSULATORS, INC. 

MEMORANDUM 

Sub.: Anti-tracking property of silicone insulators “aa 

mi: 
It is reported in. the brochure from the manufacturer that a RODURFLEX- 

insulator composed of a FRP core and silicone rubber. sheds has good anti- 

contamination performance because of its water-repellency, slenderness. and | 

long:surface:creepage distance. We have no firsthand information nor test val 

data in our laboratory to evaluate these claims by the manufacturer. 

In relation with the anti-contamination performance, tracking resistivity 

is also very important particularly for outdoor insulators made of syn- 

thetic materials espebially when they are used under severely. contaminated 

environment, According to our test results, tracking resistivity of sil- 

icone rubber was inferior to that of cycloaliphatic epoxy resin and poly- 

tetrafluorethylene (P;T.F.E). Refer to Technical Note TN-74012 attached. 

% 

At the present moment, NGK is forcussing our development efforts on cyclo- 

aliphatic epoxy reisn insulators and P.T.F.E. insulators though silicone 

rubber remains one of our objects of research and development. 



FORSCHUNGS- 
GEMEINSCHAFT FUR 
HOCHSPANNUNGS- UND HOCHSTROMTECHNIK E.V. 

» 

Highest leakage current impulse as criterion for the 

insulation performance of polluted insulators 

M.FP. Verma 7 

Pollution conditions are CLE or less inherent for outdoor insulation and lead to the 

development of conductivity on the surface of an insulator. This gives rise to thermal 

processes resulting into discharges which reduce the insulation strength. The 

insulation strength can be reduced to such an extent that a pollution flashover at the 

line-to-ground voltage becomes feasible. Fig. 1 shows a pollution flashover of an 

insulator. 

To estimate the insulation strength of insulators under pollution in service, usually 

the limiting characteristic "Flashover voltage as a function of the degree of pollution" 

is determined in the laboratory (Fig. 2). The degree of pollution is expressed, 

according to the test procedure applied, in g/I for the case of salt fog test, in surface 

conductivity uS for the case of solid layer test procedure and in specific deposit ric ernie 

for the Japanese procedure. These values represent, however, the static degree of 

pollution (without test voltage). The dynamic value of the degree of pollution occuring 

during a pollution test can not be directly determined. The relation between the static 

and the dynamic values of the degree of pollution depends on the procedure used. Hence, 

the characteristics differ from each other correspondingly. These differences have led to 

many thoughts and discussions on the suitability and the correspondence of the existing 

test procedures with respect to the various natural pollution conditions. 

” Dr.-Ing. M. P. Verma is Head of the Insulator Department of the Forschungs- 

gemeinschaft fur Hochspannungs- und Hochstromtechnik e. V., Mannheim-Rheinau. 
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FACHBEREICH 1 
_ Drehstromtechnik— 

Composite Longrod Insulators for Transmission Lines 

Dr .:.M.. -P. Verma 
Porschungsgemeinschaft fiir Hochspannungs- 
und Hochstromtechnik ae. V. 
Mannheim, Germany 

Paper for 
x IEEE WG, Winter Power Meeting, New York 1977 

Introduction ee CEC LON 

Cap~and-pin insulators fis. The composite longrod insulator, however, also presents new Problems leading finally to the question of life- 

glass-filreresin rod, the latter being in common to all types Fes i Before the question of regular use of these insulators in transmission lines is decided, the laboratory tests must be defined and specified, 

insulators in Service, some of these can be very different depending on the climatic and environmental conditions of the site or the country 
Of use. The following view Points must therefore be kept in mind while 
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Companies reveal their operating experiences 
with new plastic and liberglass line insulators | 

By Merlin F. Wadsworth, Senior 
Transmission Engineer, Tampa 
Electric Co., Tampa, Fla. 
© As the pressures continue to 

increase on the utilities to beautify 
or go underground with transmission 
lines, new techniques of insulation 
have been appearing on the market — 
in recent years. Hopefully, these 
methods will successfully meet the 
criteria of being eye appealing while 
still maintaining the reliability of 
the more proven methods. This pa- 
per is a summary of the success or 
failure of some of the new methods 
as reported in a survey. 

The information for this survey 
was compiled from answers to a 
questionnaire which was sent to all 
of the 24 members of the South- 
eastern Electric Exchange, Trans- 
mission and Large Substation Sec- 
tion. Several questions were asked 
dealing with the use of new methods 
of insulation at the transmission 
voltage levels. Twenty-three of the 
companies responded, and of these, 
17 had used plastic or fiberglass in- 

Sulation for transmission lines. 

Experimental and standard 

The installations by these com- 
panies were both on an experimental 
basis and as a standard of construc- 
tion. The two major types of insula- 
tion reported on were the epoxy-type 

_ polymer iosulator and the epoxy- 
fiberglass rod in series with por- 

_celain or toughened glass insulators. 
One company reported an installa- 

tion using the epoxy-type polymer 
in series with porcelain. The 17 
companies that used these new 

1 methods of insulation reported on- 
Bey 33 different installations; of these 

32, 16 were considered to have suc- 
cessful operating records and 16 had 
unsuccessful operating records. 

No attempt is made to discuss the 
relative merits of each type of in- 
sulation nor is any inference made 

- from the answers received on the 
questionnaire. The information is 
factually reported in a summary of 
the results in the following para- 
graphs. 

Epoxy-type polymer 

Out of the 12 installations of the 
epoxy-type polymer insulator, 11 
had unsuccessful operating records. 
The one company which reported 
no trouble to date had 3 units in- 
stalled in the horizontal deadend po- 
sition. These units have been in ser- 
vice for 5 years. These 12 installa- 
tions consisted of a total of 496 
units, 420 of ‘which were installed 
by one company. The other instal- 
lations were in small quantities on 
an experimental basis only. These 
companies, all 10 of which reported 
predlems with these units, have re- 
moved from service all of the units 
on their systems. The company 
which had 420 units installed, has 
removed all suspension units and 
retained 222 units in service in 
strain strings on which they had no 
problems. This is consistent with 
the problems which arose on all in- 
stallations. 

The majority of the units aie 

problems were installed in the verti- 

cal suspension position. The major 
problem was surface tracking. The 

tracking caused carbonization of the 

units which gradually increased to 
the point of flashover or puncture of 

the skirts on the unit. Eight of the 

ELECTRICAL SOUTH for SEPTEMBER 1969 
~ 

69 KV, 

11 installations were credited with 
causing one or more outages. 

Many of the units were installed 

in contaminated areas and the life 
of those which failed was dependent 
on the amount of contamination. 

The fact that the horizontal units 
performed better than those in sus- 

pension, seems to support the 
theory that insulators in horizontal 

strings perform better in contamin- 
ated areas than do those in vertical 

strings. The life ranged from several 
months to 6 years for those units 
which failed; the mean life approxi- 
mated 2 years. The operating volt- 

ages of the installations were 69 kV, 

115 kV, and 138 kV. 

Epoxy-fiberglass rod 

The other major category of plas- 
tic. and fiberglass insulation report- 
ed on by the companies answering 
the survey was the epoxy-fiberglass 
rod in series with porcelain or. 

toughened glass insulators. The 
voltage range of these installations 

‘was from 23 kV to 230 kV. 

There were 20 different installa- 
tions of this type of insulation; four 

of these had unsuccessful operating 
records and 15 were reported to be 
operating satisfactorily. One instal- 
lation included in the table of un- 

successful operations was not having 
problems but was included in that 
table because the units had been 
removed from service and the re- 

porting company did not plan to 
use this type of unit in the future. 

The four installations having 

problems consisted of a total of 

1454 units installed at voltages of 

115 kV and 138 kV. The 
(Continued on page 99) 
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CHARACTERISTICS OF FIBERGLASS AND 

POLYMER INSULATION 

Edward S. Wheeler 
Manager-Engineering 

Insulator Products Dept. 

General Electric Company 
Baltimore, Maryland 

A Paper Presented at the 

Southeastern Electric Exchange 
April, 1971 Meeting 
Jung Hotel 
New Orleans, Louisiana 



A COMPARISON OF GENERAL ELECTRIC'S GEPOL INSULATOR AND A. B. CHANCE'S EPOXILATOR 

INTRODUCTION 

Following a 13. year development program on plastic insulators for outdoor 

use at high voltages, the General Electric Company introduced its 15 KV Gepol 

strain insulator in February 1967. It was the first pepe tony? — 

plastic outdoor insulator in the world; more than 60,000 were ete t0 about 

400 utilities Shohnsat’ 3-1/2 years. a a to introduction there were 

two changes aesel in 1968. 

In mid-1970 the A. B. Chance Company announced the commercial availability 

of a 15 KV plastic strain insulator, which it named the Epoxilator. The out- 

ward appearance of the product is very similar to the first version of the 15 KV 

Gepol. | pLer | 

By late 1970 we were able to-obtain published characteristics of the 

Epoxilator, as well as: commercially purchased units for test.. Our planned test 

program covered mechanical, electrical, analytical, and other physical ‘character- 

istics, based upon the applicable standards for porcelain distribution insula- 

tors. as well as properties we have found pertinent to plastic insulators. 

PUBLISHED CHARACTERISTICS 
The published characteristics for strain 15 KV Gepol insulators, Epoxila- 

tors, and code S Fequiréments are shown in’ Table I. jth ae 

TABLE 1 

PUBLISHED CHARACTERISTICS 
lil dada Required for General Electric... A.B. Chance 

| ___Property Nanton fi KV ~ ASS ESE fs _____ GEPOL _ EPOXILATOR 

Catalog Number ee - 10P012 "6654-0000 

MEE, fs. salad “105000 10,000 

Test, (ibs. nant 5,000 5,000 
Leakage, Distance, In, = © 12. a aa 

60 H, Flashover, Dry, KV an 80 a 100 

60 H, Flashover, Wet, KV | ca 75 75 
Impulse Flashover, Positive, KV | 130 ~ 150 140 

Impulse Flashover, Negative, KV 155 175 180 

60 H, Positive, KV 115 150 “= 
RIV @ 15 KV, IMH,, yWV Max. = = 100 - 2 
en bo y 3-1/4 1-3/4 

ee 5 Ba nad 
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A NON-PORCELAIN INSULATOR 
FOR TOMORROW'S CONSTRUCTION 

Recent Materials Developments Make 

Lightweight Transmission Insulators Feasible 

By 

J. W. Elrod, EHV Application Engineer 

H. G. Menzel, Marketing Manager 

The Ohio Brass Company 

INTRODUCTION — THE NEED 

When the first 765-kv transmission lines were constructed the total weight of the 
insulator system became a significant factor in the mechanical design of the 
supporting structures. A quad-bundle tangent tower commonly used close to two 
tons of insulators. A deadend tower often used eight to nine tons of porcelain along 
with multi-string connecting hardware. 

The next transmission level of approximately 1100-1200-kv can easily require 
six to eight tons of insulators and hardware per tangent tower. This dead weight 
required to support a multi-conductor UHV system is costly to install, expensive to 
support and introduces construction and maintenance problems. 

Porcelain is now and has been for decades the accepted standard for high 
voltage insulation. The weight-to-strength ratio of porcelain was entirely satisfactory 
at lower transmission voltage levels. When the EHV level became a reality, a serious 

_ review was made of the multiple strings and the resulting strength-to-weight ratio 
requirements. This study clearly indicated that lighter weight and less complicated 

- conductor support systems were not any desirable but were necessary for 
UHV construction. 

Electrical insulation for overhead lines is provided by the surrounding air. The 
insulators maintain the necessary air flashover distance. The electrical function of an 
insulator is fulfilled if it does not become conducting under any conditions. 
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Mr. B.E. Kingsbury 
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Vice President -Engineer ing f ¢ A OR . 

LOCKE INSULATORS, INC. ee ee 
225 Insulator Drive en om 

Dear Bruce: 

Subject: Non-Ceramic Insulators W.G. 

Thank you for your letter of October 13, 19°75 which enclosed the 
minutes of the two IEEE Working Groups on Non-Ceramic Insulators and 
Contamination, 

Non-ceramic (polymer) outdoor insulators have long been the subject 
of top importance in our research and development programs, As you 
are well aware, the work covers a very wide range of study and re- 
quires patient tests and trials of many years. We have not yet reached 
any conclusive results on materials, designs or test methods to be 
applied to the polymer outdoor insulators. 

I will try my best to outline for you our thinking and works presently 
underway on these insulators, 

1. We think chat the prospect of these insulators exists in two differ - 
ent areas of application. The one is the application where a very 
high mechanical strength is required, because of its easiness to 
attain such a strength with comparatively light weight, 
The other relates to a special structural application, taking an 
advantage of its easiness to design long structural members of small 
diameter, light weight and high strength. 

é.cThe long term, reliability.,; life:.and»costé are: the: dectsive: factors 
in evaluating these insulators, At present, no one expects that 
these insulators has a perpetual life a life equivalent to that of 
existing ceramic insulators. Also, the environmental and applica- 
tion conditions are far more influential in the life of these 
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Gentleman ;: 

Enclosed please find a Paper "A Contribution Kegarding Mechanical 

Rating of Non-Ceramic Composite Longrod insulators'!. 

This paper will be discussed on the occasion of the Portland 

Meeting on 19th duly, 1976, as decided during our Winter Meeting. 

Very truly yours, 

1976 



SUSPENSION INSULATORS © 

Hi*Lite published mechanical values inaugurate a new system 
of strength ratings stated as MAXIMUM DESIGN TENSION. The 
insulator may be worked at any mechanical load up to the 

maximum design tension shown below and on the nameplate. 

Figure 1 Figure 2 : Figure 3 Figure 4 
TUCO ta, 928,000 Lbs.. - 40,000 Lbs. 80,000 Lbs. 
Maximum | Maximum ~ Maximum Maximum 

Design a ~~ Design Design | Design 

ee Tension Tension ° Tension Tension 

ged DIA 579 / 9 7, “y / “¢ 

NOTE: In Figures 1 and 2, an eye simitar to top connection 

may be substituted for the ball when specified. 

| | | = . - | 

MAX DEStEN TENSIEM = A yt ¢ oF CommeTE Asse CA 
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ehh APPLICATIONS 

can be attributed to the measuring-cable changes rather than to components. Solid dielectric 

cables were less affected by pulses than the composite air-plus-type cable. 

Adams**° presented data on the evaluation of insulated wires and cables under simu- 

lated space conditions (including the lunar environment). Reduction in weight and size is 

a primary target of this wire- and cable-development activity. In many applications, Signal 

leads constitute the bulk of the hook-up wire used. AWG #32 copper wire is adequate, based 

on electrical requirements, but mechanical considerations dictate the use of AWG #24. New 

alloys of copper with zirconium and cadmium show promise of increasing the durability with 

little sacrifice in resistance. Another approach to the mechanical strength problem would 

be to fuse the wires into a monolithic structure as in present flat and contour cables. In 

general, TFE-insulated wire is best for all-around use in aerospace, but where outgassing 

or flammability are not problems, irradiated polyethylene could be used. 

Klein and Scheiber calculated the pressure differences for the insulation of an 

oil-filled pressure cable with fluted sheath, and the results were compared with those in a 

cable with a smooth sieath. 

Erskine, Ricks, and Rudat +? described the experience of the British Electricity 

Board with plastic-insulated cables for low-voltage distribution. Milne, Bates, and 

Gorham 5 reported on extensive trials the Electricity Board made on low- and medium-voltage, 

plastic-insulated-mains cables and on the limited trials with high-voltage, plastic-insulated- 

mains cables. Some of the methods used in the application of accessories were tried to 

simplify jointing procedure. 

Stutzltt discussed the replacement of cable-distribution-steel cabinets by rein- 

forced-fiber-glass houses. 

115 
Neher gave several families of curves, developed on a digital cumputer, which 

help determine the transient temperature rise of a buried-cable system. 

V. Capacitors, Switchgear, and Insulators 

Tae reviewed the application requirements for de filter and energy-storage 

capacitors. 

Lengyel and evar measured the electrical conductivity of thin, oil-impregnated, 

paper-insulated capacitors at high-electric fields as a function of temperature and voltage. 

They developed a theory which gave the approximate determination of the mobility of the 

charge carriers, assuming that the dominant part of the conduction in the oil takes place 

by means of ions. 

118 | 
Wehe and McMahon described the development of a low-loss, polycarbonate- 

stripped-film capacitor. Its advantages are that it has low loss, approaching polystyrene, 

but is much smaller in size, and less sensitive to temperature, with an operating range be- 

tween at least -78° and 125°C. The capacitors are "self-healing" and have long life under 

adverse conditions of temperature and voltage. An example of the size of one such hermeti- 

cally sealed capacitor is .075 cubic inches in volume and 1/10 oz. in weight. 

119 Johnston related the experience of an explosion of flammable gases which oc- 

curred in August 1962 in a 161-kv oil circuit-breaker at the Oak Ridge gaseous-diffusion 

plant. He cites this as an example of flammable gases which might be produced by the decom- 

position of solid insulation and insulating oil as a result of faults in-electrical equipment. 

Kane and Scletacer’ == described a- single-tank circuit-breaker, using SF, as. the 

int verrupting medium, and abbot tan test. BR OSeaeEee. used..in life testing, voltage testing, 

and interruption testing. — easamemaiea ay : aaa eS Manne ms en 
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Test Proves Silicone Okay For HVDC insulators 
_The Los Angeles Department of 
Water and Power has been testing a 
silicone compound on its HVDC 
transmission line. The tower for the 
test is about one mile from the Syl- 
mar Converter Station and part of 
the 845-mile-long Pacific Intertie 
HVDC transmission line. 

_ Although Sylmar is not considered 
an area of heavy contamination the 

e insulators of the HVDC line collect 

i Industry Developments 
particles and become dirty faster 
than the insulators on the com- 
parable ac transmission lines. The. 
particulate problem is aggravated by 
fog or nightly moisture condensation 
which makes the pollutant-soluble 
particles conductive and allows a 
leakage current over the insulator 
strings. | C ® 

It is believed that some of. the 
particulates are organic pollutants 

Hydro-Quebec’ recently installed 
240 synthetic insulators on 40 of the 
towers on the 735-kv transmission 
line between Laurentides and Levis 
‘Substations, near Quebec City. 

Using these new insulators on a 
transmission line exposed to severe 
weather marks the final phase of a - 

_ test program undertaken in 1973. In 
the coming year, the utility expects 
to verify advantages of the new in- 
Sulators ascertained in the labora- 
tory. | Ey ae 

The synthetic insulator is made of 
. a fiber-glass rod encased in polymer 

_ Synthetic Insulators Used on 735-ky Line 
to form a single unit. The synthetic 
insulators are said to weigh less than 
porcelain insulators and possess su- 
perior mechanical: and electrical 
characteristics. For example, the 
equivalent synthetic insulation for 
two strings of conventional in- 
sulators weighing 548 kilograms is a 
Single unit weighing only 32 kilo-- 
grams. The new insulators also pro- 
vide equal mechanical strength and 

Cost less. A single unit of synthetic 
insulators has a diameter of only 13 
centimeters, compared with 30 cen- 
timeters for each string of insulators. 

. A 

ed 
On Hydro-Quebec’s 735-ky transmission lines a single element synthetic insulator weighing only 32 kilograms may replace two-string porcelain insulators (right) weighing 548 kilograms. 

12 | 

from vehicle exhausts on nearby 
freeways and that smog carries other | 
pollutants from industrial facilities 
that are up-to 60 miles away. — 

_ The Department tests were to de- 

A 60-day insulator wash schedule is used 
on this. tower in the 15-mile section of 
HVDC transmission line in Sylmar. Los 
Angeles Department of Water and Power 
selected the tower for long-term tests of 

_silicone-coated insulator strings. 

termine the approximate length of 
time that the compound could be. . 
expected to prevent insulator flash- 
over. | | te 

~ Dow Corning 3099 high voltage 
insulator compound was hand-ap- 
plied. in a nominal %- to “4 -inch 
thickness on glazéd porcelain sus- 
pension insulators in each. of two 
strings. ee eae” 

After a 3-year test period, the high 
Voltage silicone insulator compound 
had successfully protected the 
HVDC insulators. from flashover, 
The compound was still hydropho-. . 
bic, i.e., water would still bead up on 
its surface, but the compound had 
developed on the top side of the . 
insulators a firm surface layer which 
no longer encapsulated atmospheric 
particles. : = 
A major factor still to be de- 

termined is the difference in cost 
between washing the - insulator 
strings every 60 days and the cost of 
applying the silicone compound to 
each of the strings. 

December 1977 



‘April 1, 1971 

CC: Manager-Manufacturing 

Manager-Quality Control 
Manager- Planning 

Dear Sirs: 

In reference to the ultimate goal of improving the operation and 

output of the GB-4 glaze machine, we have checked the glaze thickness 

of fifty Magnavalves -- twenty-five pieces picked at. random from two 

cars dated March 15, 1971 and March 22, 1971 respectively. Four areas 

on each piece were checked using our Cea aaiiiincd Hand Optical 

Reticle Comparitor. From the data generated, a computer program. was 

written, The results of this program indicate Wut. the GB-4 machine 

is capable of maintaining a glaze thickness within statistical limits, 

Of the four areas checked, only one failed to stay within statistical 

limits. | 

Now that we have tentatively peesn:ié ie capability of the machine, 

the one area that shifted makes it apparent that there are some functions 

requiring more ‘study before MSNs covering corrective action by the 

operator can be written. The data indicates that one or mort of the 

glaze guns covering top area of the Magnavalve’ either physically 

shifted in direction, or the rate of flow of glaze in these same guns 

changed. Insofar as the gun fixtures are concerned, I recommend that 

adjustments in elevation and transverse motion be made, to be fixed in 

direction gehen optimum position. is determined. . A number of. things could 

cause the rate of flow of elaze to change, such ds: 

os Gun stopped up by 

| Be particles of hard glaze 

b. pieces of foreign material 



Rerii:1, 1971 

CC; Manager-Manufacturing 

Manager-Quality Control 
Manager-Planning 

Dear Sirs: 

In reference to the ultimate goal of improving the operation and 

output of the GB-4 glaze machine, we have checked the glaze thickness 

of fifty Magnavalves =-- twenty-five pieces picked at. random from two 

cars dated March 15, 1971 and March 22, 1971 respectively. Four areas 

on each piece were checked using our newly acquired Hand Optical 

Reticle Comparitor. From the data generated, a computer program was 

written. The results of this program indicate that the GB-4 machine 

is capable of maintaining a glaze thickness within statistical limits, 

Of the four areas checked, only one failed to stay within statistical 

limits. 

Now Gigs we have tentatively chuieenuihe earahility of the machine, 

the one area that shifted makes it apparent that there are some functions 

requiring more study before MSNs covering corrective action by the 

operator can be written. The data indicates that one or more of the 

glaze guns covering the top area of the Magnavalve either physically 

shifted in direction, or the rate of flow of glaze in these same guns 

changed, Insofar as the gun fixtures are concerned, I recommend that 

adjustments in elevation and transverse motion be made, to be fixed in 

direction after optimum position is jeneeniaed, A number of things could 

cause the rate of flow of glaze to change, such as: 

a Gun stopped up by | 

a. particles of hard glaze 

b. pieces of foreign material 
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QUALITY CONTROL 
By J. M. JURAN 

ASSISTANT TO THE ADMINISTRATOR, FOREIGN ECONOMIC ADMINISTRATION, WASHINGTON, D.C. MEMBER AS.M.E. 

product to be made. This specification is a piece of 
industrial legislation, drafted by the design engineers, 

who are the legislators of the industrial world. The making of 
products to conform to this legislation is the joint responsi- 

Q/[ lreeiice to ve: begins with a specification of the 

ilicy of che manufacturing engineers and factory personnel who 
Wp llectively constitute the executive branch of the industrial 

“world. The inspectors perform the judicial function of the 
industrial world. They compare the product with the speci- 
fications to see whether there is conformance. The cycle is 
completed when the inspection data are used by the design 
engineers for design modification. 

While these three functions of specification, operation, and 
inspection are clearly separable, they must be co-ordinated if 
the conformance of product with specification is to be achieved 
at minimum cost. Conformance of product with specification 
can be achieved even when functional lines are too tightly 

drawn. However, overfunctionalization increases the cost of 
“securing conformance. Only through co-ordination of these 
three functions can minimum cost of conformance be achieved. 

THE INSPECTION ACT AND THE PURPOSES OF INSPECTION 

The management tool which we have come to know as 
“quality control"’ can make an important contribution toward 
achieving this co-ordination between specification, Operation, 
and inspection. But what do we mean by inspection? Actu- 
ally there are four different purposes which can be served by 
what we call ‘‘inspection."’ Yet the steps followed by the 
‘inspector ‘‘at the bench" are basically unvarying, no matter 
what the purpose of the inspection he performs. In all cases, 
the inspector functions as follows: (4) Interprets the specifica- 
tion; (4) measures the product; (c) compares the product with 
the specification; (d) judges conformance; (e) disposes of the 
product; (f) records the resultant data. This series of steps we 
shall call the ‘‘inspection act.”’ 
While the inspection act is fundamental to all inspection, the purposes served by inspection can be classified into four basic 

groups: 
j ae Sampling. This is an inspection on a sampling 0 distinguish acceptable lots of product from non- acsmable lots. Acceptance sampling has.for its Primary pur- pose the grading of lots of product. The data obtained are incidental, but can often be put to effective use. 

Here the purpose of the inspection act is to obtain data which 
can Pree basis of management control. Any grading or 
sorting of product is incidental. 
pn eh Sorting. This is a manufacturing operation which 

has the outward appearance of a detail inspection. The pur- 
, pose is to sort good pieces from bad. The necessity for the 
’sorting arises from the fact that the manufacturing process de- 
livers defective pieces to an extent too great to permit accept- 
ance on a sampling basis. The question of god or poor 
performance on the part of the operators is not present. For 
example, the final performance test of a transformer or a genera- 
tor is an operational sorting. The various operators cannot 
know whether their collective efforts have resulted in a finished 
product which meets the tests. 

Corrective Sorting. This is also a sorting of the product bur 
arises from the fact that through failure on the part of the 
operators the product contains defects to an extent too great 
for acceptance on a sampling basis. For example, a detail in- 
spection for adjustment is necessary only if the operators fail 
to adjust properly. In such cases the operators are equipped 
with a full complement of gages, and so forth. They must 
themselves test to see whether the product is adjusted, for 
without such test they do not know when to stop adjusting. 

Corrective sorting is, for the most part, a ‘‘needless’’ loss. 
In many shops it is confused with operational sorting and 
permitted to go on year after year. Furthermore, existence of 
such sorting is a symptom of an even greater loss—the loss of 
material plus the time to make good the defectives. 

HOMOGENEITY THROUGH MIXTURE AND THROUGH COMMON ORIGIN 

In mass production the product can be considered as a stream 
emerging from the creating source. This stream may be a true 
stream of liquid or gas, or it may be a continuous solid like an 
extrusion, or it may be a series of discrete pieces. No matter 
which of these forms the product takes, there are impinging 
upon cach element of the product, at the time of its creation, 
the numerous variables in the process. The final characteristics 
of the product are the result of the combined effect of these 
variables. 

In many cases there is close relation between inspection of 
product in fluid or continuous form and inspection of product 
in discrete pieces. For example, measurement of a coil of cold- 
heading wire for diameter presents much the same problem as 
the subsequent measurement, for diameter, of the screw blanks 
cut from that coil of wire. The measurement, for thickness, of 
a load of spring-steel sheets is a problem much like that of 

Control Sampling. This is an inspection on a sampling basis, 
| eo the purpose of securing data for exercising control. Sam- ° \ ingtor ‘ | 7 4 Pa egulate the manufacturing Process, to rate quality of citer , 1 Hes quality performance of Operators, or to measure 7 Scy Of inspectors are all instances of control sampling ’ Derived from 7 

nepersios and Qual 
pe ald Bros., New York, N. Y., in the fall of 1944 o y om this book see ‘‘Management Proble f Me € gs junction,” Pewee, > Tal oO : ttn tae angen Popes faede Bf: Pe 19 3, PP. 805-808, unction,’’ MecHanicar NGINEERING, vol. 65 ontributed 

; Annual Mectin,? adh “nagement Division and Presented at the Semi- Socigty oF Mecuany urgh, Pa., June 19-22, 1944, of Tue AMERICAN 

Ontrol Sampling,”’ chapter 6 of pe inagement of J lished by 

jointed solid, to consider all product as consisting of a stream 
flowing from the creating origin. The validity of this concept #s in the existence of a reservoir or process which can pour out 

CAL ENGINngEgRs. 
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THE ELECTRICAL PERFORMANCE OF CERAMIC DIELECTRICS 

AT ELEVATED TEMPERATURES 

- 9000.2 

It is well known that the electrical resistance of most of the commonly. 
used insulating materials diminishes with increasing temperature. The actual 
performance of ceramic insulating materials at temperatures above the normal 
atmospheric level, and the factors affecting the ultimate breakdown at these tenie~ 
peratures, has not been the subject of much investigation. Recent requirements 
for insulators to operate at high temperatures and high voltages have indicated 
the need for such informaticn. : : 

Apparatus and Method. 

—*iTt was necessary to provide a suiteble test chamber in which the speci- 
mens could be mounted and held at any desired temperature while voltage was applied. 
Accordingly, a thermally insulated box or furnace was built.’ The electrical heat- 
ing elements in the back of the box were separated from the test chamber by a one 
inch thick thermally insulating partition in order to prevent direct heating of the. 
specimens by radiant beat. The heated air was circulated by means of a fan thru 
ports at each end of the test chamber. The fan also served to maintain air turbul- - 
ence in the test chember and thus prevent stratification. Temperature measurements 

_ were by commercial gas thermometer an 
ing any desired temperature between minus 100 degrees Fabrenheit and 1000 degrees 

a automatic coutrols were provided for hold- 

Fahrenheit. With this arrangement temperatures could be held within five degrees: 
uhrenhelt of the desired level. Provision was also made for removing the heating 
elements from the back of the box and substituting racks of dry ice in order to _ hs 

 abtain low temperatures. 

pt Most of the tests were made with d-c voltage in order to eliminate the 
difficulty of separating conduction currents from charging currents. The voltage 
source was 4 full wave high voltage kenetron rectifier with suitable capacitors . 
for the elimination of the sixty cycle pulse. 

Aad The dec voltages were measured by means of @ suitable known resistance 
connected in series with a microanmeter, 7 | i 

Most of the test specimens were prepared in the form of plates of var>_ 
ious thicknesses. Some specimens were made from standard suspension insulator 

_ Shells using the head section, ground down to the desired thickness, as the test. 
APCS. » ei | S43 PG iat ) Can ee 

Electrodes of circular shapes were applied to the. opposite sides of each 
ys test specimen. Guard rings were also provided to eliminate the effect of surface 
_ beakage end corona, and to preserve @ more nearly uniform field thru the test gone. The electrodes and guard rings were of silver ceramically bonded to the supface of 

the dielectric to avoid entrapped air between the dielectric and its electrode. — 
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WASHINGTON, D. C. 

DISCUSSION SHEET - FOLD AND PLACE WITH LESSON 9FR | 
There are several places in this lesson where the material is presented in a way that is a decided de- ° parture from the conventional manner. For example, we teach you that electromagnetic induction from the primary to the secondary of a transformer is the result of changing flux linkages. While engineers have been talking in terms of flux linkages for years, writers of text books in general have stuck to the old manner of speaking and they talk about conductors cutting lines of force. 

Of course we mention this too, but the idea we want you to have after Studying th.s lesson is that changes in flux linkages are responsible for all induced e.m.f.'s. This is all brought out Clearly in Figs. 2, 5, 4 and 5. You will notice that we can Change the flux linkages in Several ways — by moving one of the coils within the other, by moving the larger coil, or by Causing the current flowing through one coil to change in magnitude. In any case, there is motion. 

Now refer to Fig. 4c. There should of course be a battery in the buzzer Circuit. When the switch is | closed the buzzer will alternately close and Open the circuit and cause the flux about the larger coil to increase and decrease. As the flux moves up and down, its linkages with the smaller coil change and an alternating voltage is induced in the smaller coil. 

On page 4 there is a misprint. In the Sixth line starting with the last word, change to "The second coil has 100 magnetic lines of force threading through it when maximum current flows in the first e.3 8 whe On page 6 in the tenth line, we Speak of the plate of a tube as a source of @.m.h.. You widl ofteniace a& vacuum tube referred to as a generator of e.m.f. and as the output of the tube is considered as the plate current, the meaning of the sentence will be perfectly clear. 

In the seventh line of page 7, change to "lines L543 Sane 2.7: HF course, "4" in the next line Should be omitted. 

Near the bottom of.the same page we talk about a complete magnetic circuit. Figure 6b Will make clear what is meant. The iron core on which the windings are placed, is closed and the flux can flow right around it, just as current flows ina complete circuit. 

fn the fourth line of page 9, the statement is made that "The power must be the same." This is true only if there are no losses present in the core. However, there are always some losses so that the Output power is always less than the input power. The important thing is that it can't be greater. 
On the next page, change 100 in the third and fifth lines to 110 and in the fourth line Change 11.5 to 13.6 turns, 

The letter L in the fourth line of page 12 refers to the total inductance, including the inductance 

On page 15, cross out the whole third Sentence under the illustration. 

In the eighth line from the bottom of page 19, the printer left out part of the Sentence. It should 
read, "But capacitive reactance Shifts phase in a direction opposite to the Shift caused by inductive reactance." 

On page 24 you will notice the abbreviation pf used twice. This is the same as mfd. In your general 
reading you will find microfarad abbreviated both wayS. On page 28, line fifteen, Fig. C refers to Pigs elt, 

J. A. Dowie, Chief Instructor, 
National Radio Institute, 



U.S. NAVY 
NAVAL SUPPLY DEPOT 

5801 TABOR AVENUE 
PHILADELPHIA, PA., 19120 

EXPLANATIONS FOR CODINGS APPLIED TO ATTACHED REQUESTS ARE AS FOLLOWS: 

a A. Superseded/cancelled not stocked at NSD Phila. Superseded or cancelled items may be requested from: 
Navy Publications and Printing Service Office, 700 Robbins Avenue, Philadelphia, Pa. 19111. 

NOTE: Private industry must submit requests via the contracting officer. 

B. Item temporarily not in stock. Will be supplied upon receipt of material (approximately 30 days). No 
further follow-up required by requester. . 

C. Since invitations for bid and contracts are not held at this office, documents required cannot be deter-— 
mined without specific document identification numbers. See attached instructions. 

D. Item not stocked at NSD, Phila. Request you refer to original source of information for clarification of 
availability. 

E. Researching item availability. Will advise within 5 days. 

Item is classified. Authority for issue must be endorsed by the cognizant Department of Defense Inspection 
Office in your area for certification of your "need to know," facility clearance, and storage. facial ties. 

G. Quantity reduced. Maximum of 25 copies allowed. 

H. List.one item per line. See attached instructions. 

|. Item is "for official use only." Request must be submitted via cognizant Department of Defense Inspection 

Officei‘or your contracting officer for certification: ofs"need.-to:know:" 

J. Specifications/Standards are not issued in complete sets. See attached instructions. 

Too Om oOo oO oO K. Your request has been referred to office listed below for appropriate action: 

(| DEFENSE ELECTRONICS SUPPLY CENTER, 1507 WILMINGTON PIKE, DAYTON, OHIO, 45420 | ‘ 

ea COMMANDER, NAVAL SUPPLY SYSTEMS COMMAND (CODE SUP 083) WASHINGTON, Ds gk ew 

fe) COMMANDER, NAVAL ORDNANCE SYSTEMS COMMAND, WASHINGTON, D.C., 20360 

7 COMMANDER, NAVAL SHIP SYSTEMS COMMAND, WASHINGTON, D.C., 20360 | 

[| COMMANDER, NAVAL FACILITIES ENGINEERING COMMAND, WASHINGTON, D.C., 20390 | 

{] COMMANDING GENERAL, AIR FORCE LOGISTICS COMMAND, ATTN: SGEDS, WRIGHT-PATTERSON AFB, DAYTON, OHIO, 45433 

[-] COMMANDING GENERAL, U.S. ARMY ELECTRONICS COMMAND, 225 S, 18TH ST., PHILADELPHIA, PA., 19103 

cy COMMANDING GENERAL, HQ QM R&E CENTER, U.S. ARMY, NATICK, MASS., 01760 

CT] COMMANDING OFFICER, U.S. NAVAL ORDNANCE PLANT, CENTRAL TECHNICAL DOCUMENT OFFICE, ; 

SOUISVILLES vKY 5: AO aaah, . 

[J L. Items may be purchased from office listed below: 

oO SOCIETY OF. AUTOMOTIVE ENGR. [J NAT'L STANDARDS ASSOCIATION, INC. 
485 LEXINGTON AVENUE 1321 14TH STREET, N.W. | 
NEW YORK, NEW YORK, 100147 WASHINGTON, D.C., 20005 4 

[J AMERICAN SOCIETY FOR TESTING MATERIALS -(-] NAT'L AEROSPACE STANDARDS COMMITTEE 
ce Ono ol REST AEROSPACE IND. ASS*N OF AMERICA, INC. 
PHILADELPHIA, PA., 19103 17295: DESALES |S TREET SNe; 

WASHINGTON, D.C., 20036 

[-} AMERICAN STANDARDS ASSOCIATION, INC: | 
AOE S TUG. TH STREET [_] SUPERINTENDENT OF DOCUMENTS 
NEW YORK, NEW YORK, 10016 | GOVERNMENT PRINTING OFFICE 

, WASHINGTON, D.C., 20370 

C) Mm. OTHER [-] AMERICAN WELDING SOCIETY 
15h UTH STREETS 
NEW YORK, N.Y., 10017 

INFORMATION TRANSMITTAL | 
UND-NSD-UU70/1 (Rev. 5-66) PLATE NO. 12598 (REV. 5-66) 



MIL-R-1149A 

AMENDMENT - 2 

9 June 1961 

SUPERSEDING 

Amendment - l 

20 May 1958 

MILITARY SPECIFICATION | 

RUBBER SHEETS, STRIPS, AND GASKETS; 

SOLID, SYNTHETIC, MEDIUM AND MEDIUM HARD 

This amendment, which forms a part of Military Specification MIL-R- 

1149A, 9 April 1956, has been approved by the Department of Defense and is 

mandatory for use by the Departments of the Army, the Navy and the Air 

Force. 

Page 3, paragraph 3.6.1: Delete and substitute: 

; "3.6.1 The hardness of the synthetic rubber shall have indentation 

values within the following ranges. The approximate shore ''Al' durometer 

values are included for convenient reference. 

Hardness, all classes. 

| Thickness |— on | eter 

“ 7! 1? 7 t? 

oS | Indentation Shore: ¥ Indentation chores | 
| : | | durometer | durometer 

| Inch | Millimeters | Millimeters ; 

1/4 Pie sae A7 - 56 | 0.66-0.96 | 62 - 72 

| 5/16 1,14 - 1], 44 47 += 55 ~68 - .98 | og eee B's 

| 3/8 1.16 - 1.46 46 = 55 . 68 - - 98 61 - 72 : 

7/16 1.18 - 1.48 45 - 54 ~70 - 1.00 | 60 - 71 

peat {2 1.20 - 1.50 45 2.53 | ,70'= 1,00. [60 =! 7ks | 

Page 3, paragraph 3.6.2.4: Delete. 

Page 3, paragraph 4.1.2, line 2: Delete "inspection'’ and substitute 

"examination", 

Page 3, paragraph 4:1.2.1, first sentence: Delete and substitute: ''For 
the examination specified in-4.2.1, respresentative samples shall be selected 

from different portions of each lot in accordance with table III." 

| FSC 5330 



MIL-R-1149A 
9 APRIL 1956 

SUPERSEDING 

JAN—-R-1149 

27 JUNE 1949 

MILITARY SPECIFICATION 

RUBBER SHEETS, STRIPS, AND GASKETS: SOLID. 
SYNTHETIC, MEDIUM AND MEDIUM HARD» 

This specification has been approved by the Department of Defense and is man- 
datory for use by the Departments of the Army, the Navy, and the Air Force. 

1. SCOPE 

1.1 Seope.—This specification covers syn- 
thetic rubber compounds for medium and 
medium hard synthetic rubber gaskets ex- 
cept for hatches, airports, and watertight 
and airtight doors for shipboard use. 

1.2 Classification.—Synthetic rubber shall 
be of the following types and classes as speci- 
fied (see 6.1): 

Type I—Medium. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 
mer product of isobutylene 
and isoprene. 

Class 5—Compound utilizing a copoly- 
mer product of butadiene and 
acrylonitrile nitrile of the 
basic material. 

Type II—Medium Hard. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 
: mer product of isobutylene 

and isoprene. , 

Class 5—Compound utilizing a copoly- 

mer product of butadiene and 

acrylonitrile nitrile of the | 
basic material. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications and stand- 

ards, of the issue in effect on date of invita- 

tion for bids, form a part of this specification: 

SPECIFICATIONS 

FEDERAL 

NN-B-591 —Boxes, Fiberboard, 

Wood-Cleated (for 

Domestic Shipment). 

NN-—B-621 —Boxes, Wood, Nailed 

and Lock Corner. 

LLL—-B-631 —Boxes; Fiber, Corru- 

gated (for Domestic 
Shipment). | 

LLL-B-636 —Boxes, Fiber, Solid (for 

Domestic Shipment). 

PPP-B-601 —Boxes, Wood-Cleated- 
Plywood. — 

PPP-B-585 —Boxes; Wood, Wire- 
bound. 

FED. SUP. CLASS. | 
5330, 9320 



MIL-B-16540A (Wep) 

24, May 1961 
a 

Superseding 

MIL-E-16540 (BuOrd) 

17 August 1951 

MILITARY SPECIFICATION 

BRONZE, PHOSPHOR: CASTINGS 

This specification has been approved by the 

Bureau of Naval Weapons, Department of the Navy 

ie. SCOPE 

1.1 Scope. - This specification covers phosphor bronze 

sand castings containing a controlled lead content. 

1.2 Classification. - Phosphor bronze castings covered 

by this specification shall be of the following grades 

(see 6.2): 

Grade A 

Grade B 

1.3 Condition. - Phosphor bronze castings shall be fur- 

nished in the "as cast" condition. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications, standards and publica- 

tions, of the issue in effect on date of invitation for 

bids, form a part of this specification to the extent 

specified herein: 

SPECIFICATIONS 

FEDERAL 

PPP-B-535 - Boxes, Wood, Wirebound. 

PPP-B-601 - Boxes, Wood, Cleated-Plywood. 

PPP-B-621 - Boxes, Wood, Nailed and Lock-Corner. 

MILITARY | w 

MIL-C-132 - Crate, Wood, Open; Maximum Capacity 

2,500 Pounds. 
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QQ-B-637 
APRIL 10, 196] _ 
SUPERSEDING 
Fed. Spec. QQ-—N--35 
October 23, 1957 
(See section 6) _ 

FEDERAL SPECIFICATION 

BRASS, NAVAL: ROD, WIRE, SHAPES, FORGINGS, AND FLAT PRODUCTS WITH FINISHED EDGES 
(BAR, FLAT WIRE, AND STRIP) 

This specification was approved b 
tce, General Services Administra 

1. SCOPE AND CLASSIFICATION 

1.1 Scope. This Specification covers leaded 
and nonleaded naval-brass rod, wire, shapes, 
forgings, and flat products with finished edges 
(flat wire, strip, and bar). 

1.2 Classification. 

1.2.1 Compositions. The naval brass cov- ered by this specification shall be furnished in the compositions shown in table I. Unless 
otherwise specified in the contract or order, 
composition 1 shall be furnished. 

1.2.2 Forms and tempers. The naval brass covered by this specification shall be fur- nished in the following forms and tempers, 48 specified (see 6.2) : 

Form Temper 

Bar and rod As extruded 
Soft 

Cold-heading 

Half-hard or light 
annealed 

Hard 

570403/61/302 

y the Commissioner, Federal Supply Serv- 
tion, for the use of all Federal agencies. 

Wire Soft 
Cold-heading 
Half-hard or light 

annealed 
Hard 

Strip and flat Soft 
wire Half-hard 

Hard 

Shapes As extruded 
Soft 

Drawn 

As forged 

When temper is not specified, rod, wire, and 
flat products (flat wire, strip, and bar) shall 
be furnished in the half-hard temper. Round rod over 14 inch in diameter may be fur- 
nished as standard shafting; round rod over 
1 inch in. diameter may be furnished for 
special shafting (see 6.2). Shafting is avail- able with or without piston finish (see 3.6). 

Forgings 

2. APPLICABLE SPECIFICATIONS, STANDARDS, AND OTHER PUBLICA- 
TIONS 

2.1 Specifications and standards. The fol- lowing Specifications and standards of the 

1 

FSC 9525 

9530 
9535 
9540 
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Maintaining 

SCIENTIFIC TOLERANCES 

by INSPECTION 
By WILLIAM B. RICE 

DEPARTMENT OF STATISTICS AND REPORTS, PLOMB TOOL COMPANY, LOS ANGELES, CALIP. 

LLOWING in the footsteps of Shewhart (1),' Simon 

(2), Wilks (3), and others, the author suggested in a recent 
article (4) that design tolerances for manufactured prod- 

ucts be determined from factual data, analyzed statistically as 
to: 

(a) The characteristics required by users of the products. 
(6) The characteristics of the manufacturing process by which 

the products are made. 
When it has been determined that the process is capable of 

producing, at a satisfactory cost, a product which meets con- 
sumer requirements, the next problem is how to hold the proc- 
ess at the desired level. This is basically an inspection prob- 
lem. 

Before the manufacturer's inspection can succeed in main- 
taining the charactcristics he wants in his product, three re- 
quirements must be met: 

1 Th@ manufacturer needs to know that his process can be 
dependedl ‘upon, that no unpredictable changes occur during 
production, that he is actually producing what he intends to 
produce. These requirements can be met only with a statis- 
tically controlled process, as evidenced by the use of quality- 
control charts (5). 

2 The manufacturer needs to know that his specifications 
are practical and profitable, that they will mect consumer de- 
mands at a profit to him. A method of meeting this require- 
ment was suggested in the author's previous article (4). 

3 The manufacturer needs to know that his inspection pro- 
cedures are adequate, that from his inspection records he can 
draw sound and correct conclusions about that part of his prod- 
uct which he does not inspect, in order to be sure that the first 
and second requirements are being met. 

This third requirement is the subject of the present article. 

CONCEPTS INVOLVED 

Before proceeding with the discussion it seems advisable to 
give a brief summary of the concepts involved in setting toler- 
ances by statistical methods: 

1 Recognition that all things va d iabili ry and that variability can 
best be analyzed with statistical techniques, Tolerances should therefore be expressed in statistical terms, such as X ™ #¢, rather than in absolute dimensions such as A, B. 2 Recognition that, in gencral, notolerance limits can be set =e hy oi include all pieces produced; that is, toler- & 

4 
i. a 7 — * 

ry o considered as Probability limits, not absolute 
3 Recognition that tolerance limi i 

. mits vary in strictn pending upon the Seriousness of out-of-tolerance ————. 
“ts = be permitted for minor defects , cr words, specifications may be the value of 3 being different for each 

* Numbers in paper Parentheses refer to the Bibliography at the end of che 

Written X ot. te, X—p'e, 
We ese ee 

168 

type of defect; larger for. more serious than for less serious de- 

In the author's previous article (4), an illustration was given 
of the torque required for an open-end wrench; a “consumer 

tolerance of 1500 in-lb, a capable of holding 2100 in- 

Ib and a design specification of 2000 in-Ib, which the process 

was able to mect and which gave a 33'/, per cent margia of 
safety over the consumer requirement. 
How should inspection be set up so as to be sure that the 

wrenches produced are satisfactory? Several possible methods 
present | themselves. Torque tests could be made on every 
wrench, i.e., 100 per cent inspection; however, such inspection 
would be not only expensive but also inefficient because unneces- 
sary. With a 33'/, per cent margin Of safety, an occasional 
failure below the 2000-in-lb specification could be permitted. 

Alternatively, sample torque tests could be performed. As- 
suming lots of 5000 wrenches, with 0.5 per cent defective per- 
mitted, the sample would have to be about 1000 pieces out of 
each lot (6). Such an inspection plan would still be quite ex- 
pensive and would not give much information except to assure 
the desired quality level. 

Yet another method would be to apply destructive torque 
tests to a small sample from each lot of 5000 wrenches, the 
torque being increased until the wrench broke. In this case the 
sample would have to be quite small for reasons of economy, 
so small in face that sound judgments about the remaining 
wrenches could not be made on the basis of the single smal 
sample. | 

CONTROL-CHART INSPBCTION 

All the objectionable features of the meth posed can be avoided,| and practical certainty of 7 ws abana Loge loaehe: by eens the control-chart technique in 4 . iting Grom y Licut. Col, Simon at the Aberdeen 

Five wrenches from each 1000 ; the readings recorded on control ashes ee - css remains in “'statistical control” ar a.satisfactory level wg between 2100 and 2400 in-Ib), only a small sample of $0 rh need be raus-gb 9 ig tested for to sa tions in order to assure satisface ' ; Control charts can simplify a pie ig tl cedures in this way because, with a *“eantrolied*’ manufacturer can be sure that his production methods ing out a product with consistene characteristics, ; ‘agua only chance variations; he can be certain that no ws a a unexpected accidents are Producing erratic and unpredicts on results. Therefore, with this c ¢ and with ¢ sm revealed by his control ¢harts, he can safely wee — check test at final inspection. itdade, The design specifications for this wrench should be as to provide for the correct inspection = stance, the upper tolerance limit could 

a 

procedure. For in. 
be omitted, but the 

OSPection pro- 
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PREDICTION INTERVALS TO CONTAIN ALL FUTURE 

OBSERVATIONS FOR A REGRESSION MODEL 

by 

Gd, Elahn 

Information Sciences Laboratory 

Report No. 70-C-323 september 1970 
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by 

W.B. Nelson, Information Sciences Laboratory 

Report No, 70-C-090 February 1970 
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RK Jrim ELECTRICAL PERFORMANCE OF CERAMIC DIELECTRICS 
AT ELEVATED TEME 

= 006 = 

Lt is well known that the electrical resistance of most of the commonly. used insulating materials diminishes with increasing temperature. The actual performance of ceramic insulating materials at temperatures above the normal atmospheric level, and the factors affecting the ultimate breakdown at these tem- peratures, has not been the subject of much investigation, Recent requirements for insulators to operate at high temperatures and high yoltages have indicated the need for such information, | ; sae ) 4 

Apparatus and Method. 

—~<It was necessary to provide a suitable test chamber in which the speci-_ mens could be mounted and held at any desired temperature while voltage was applied, — Accordingly, a thermally insulated box or furnace was built. The electrical heat- ing elements in the back of the box were separated from the test chamber by a ohe inch thick thermally insulating partition in order to prevent direct heating of the ‘Specimens by radiant heat. The heated air was clreulated by means of a fan thru  - ‘ports at each end of the test chamber. The fan also served to maintain air turbul- ence in the test chamber and thus prevent stratification. Temperature measurements were by commercial gas thermometer and automatic controls were provided for hold- ing any desired temperature between minus 100 degrees Fahrenheit and 1000. degrees | Fahrenheit. With this arrangement temperatures could be held within five degrees Fahrenheit of the desired level, Provision was also made for removing the heating elements from the back of the box and substituting racks of dry ice in order to abtain low temperatures. 

oh Most of the tests were made with G@=c voltage in order to eliminate the difficulty of separating conduction currents from charging currents, The voltage — source was @ full wave high voltage kenetron rectifier with suitable capacitors. — for the elimination of the sixty cycle pulse, ae SE ae grok 
‘a The dec voltages were measured by means of @ suitable known resistance (connected in series with a microanmeter, | 2 : : 

Most of the test specimens were prepared in the form of plates of var- | ious thicknesses, Some specimens were made from standard suspension insulator Shells using the head section, ground down to the desired thickness, as the test — prea. it re is fit i | Sat 8, ee ee 

Electrodes of circuler shapes were applied to the opposite sides of each _ test specimen. Guard rings were also provided to eliminate the effect of surface _ deakage and corona, and to. preserve @ more nearly uniform field thru the test zone. The electrodes and guard rings were of silver ceramically bonded to the surface of the dielectric to avoid entrapped air between the dielectric and its electrode, 
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Porcelain for High 

Voltage Insulators 

In this paper the mechanical failure of 
porcelain is discussed with special refer- 
ence to 3 seldom recognized character- 

istics: the effect of the porcelain surface 
on the strength, the apparent anomalous 
distribution of individual mechanical test 

values, and the effect of time on mechanical 
strength. A method of evaluating the re- 
sult of these factors on electrical insulator 
performance is suggested. 

By 
D. H. ROWLAND 

Locke !nsulator Corp., 
aoe SOO LATE A,!.E.E; Baltimore, Mad. 

oe CAN BE little argument as 
to what mechanical characteristics are desirable in 
high voltage insulators, but the factors which con- 
tribute to such characteristics are concealed, more 
often than not, by an extraordinary amount of 
sophistic data. Modern high voltage insulators on 

A paper recommended for publication by the A.I.E.E. committee on power 
transmission and distribution, and scheduled for discussion at the A.I.E.E. 
summer convention, Pasadena, Calif., June 22-26, 1936. Manuscript submitted 
March 25, 1936; released for publication April 23, 1936. 

10. For numbered references see list at end of paper. 

the average have improved enormously in the past 
decade. This improvement has been brought about 
in most cases by expensive and tedious cut and try 
tests conducted on assembled insulators. The pro- 
cedure has been to assume that certain features of 
the completed units such as mechanical strength, 
ability to withstand immersion first in boiling water 
and then in ice water, imperviousness to moisture, 
and other qualities would insure insulators capable 
of standing up in service, which, after all, is the only 
real criterion of insulator worth. Finally specifica- 
tions such as the A.J.E.E. Standards No. 41 for the 
testing of high voltage insulators were evolved and 
it may here be stated, unequivocally, that insulators 
which will successfully pass these specifications will 
give an unusually good account of themselves in the 
field. However, just because 2 groups of insulators. 
of different manufacture successfully pass a certain 
specification it cannot be assumed that their mainte- 
nance cost in the field will be the same. How will 
they stand up under mechanical shock such as the 
impact from stones or bullets? What effect willtime . 
under load have upon their life? What is the maxi- 
mum load that they will withstand? Is actual 
experience over a period of years the only way to find 
out? The purpose of this discussion is to provide 
engineers with a greater insight into some of the 
more recently investigated and rather peculiar 
mechanical characteristics of ceramic. materials 
with the hope that an understanding of this work 
will help them to answer these questions and to 
point out that some of the characteristics which have 
been viewed with alarm by the uninitiated are really 
a true part of the whole scheme while other factors 
which have been unknown, or neglected, have been 
of major importance. A realization of this is bound 
to lead to still greater efficiency of systems dependent 
on the insulating qualities of such materials. 



= Hydro-Quebec 
of 200-Mva summer loading, Haber] 
sald. But the 100-ton shipping limit 
will restrict collector-station units 
to about 170 Mva. 

_ Despite the industry trend to 3- 
phase power transformers, V. B. 
Ross, CGE, told another session, 
shipping limitations will] favor 
single-phase units for EHV. One 
reason is the “enormous external 
phase-to-phase spacing required— 
27 ft for 700 kv. The problems of 
designing an economic tank having 
three bushings each 30 ft long and | 
with adequate clearance to ground oe OU 
are close to being insurmountable.” ; Weight is saved by using high- 
temperature insulation, said R. A. 
Veitch, Canadian Westinghouse, as 
well as by forced-air cooling and 
use of grain-oriented steels. 

Structures for EHV lines reflect 
a continuous quest for economy, 
said V. F. Crowley, Shawinigan En- 
gineering Co. The most recent de- 
sign, known as the “Y” tower, will 
be used for the first 50 miles of 
Ontario Hydro’s 500-kv extension 
south of Sudbury. 

In discussion, H. B. White, Al- 
can, indicated that rather high alu- 
minum Y towers weigh about 61% 
as much as rigid self-supporting 
structures, vs 75% for the guyed-V. 
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Outardes Collector 
Station gathers 
Manic 5s 1,344 Mw 
and Outardes 4's 
996 Mw at 300 Kv, 
for sendout at 700 Ky 
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Manicouagan 
Collector Station 
gathers i 
Manic 2s 1,016 Mw, 
Manic 35 1,123 Mw, 
and Outardes 3's 
642 Mw at 300 ky 
for sendout at 
700 Kv 
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Laurentides Extension 
will interconnect 
with existing 300 ky 

<4 Ox 

™y Levis Receiving Station 

Bout del lle Extension and 
Boucherville Receiving Sta. 
will inteconnect with 
existing 300 Ky Boosts Continental Grid 

“We have heard a great deal 
about the interconnection of trans- 
mission systems across Canada,” 
CEA Pres. R. E. Tweeddale told a 
dinner session. He Suggested that 
concentrated study would show 
economies in such ties, and “ties 
across the international boundary 

GENERATION AT FIVE HYDRO PLANTS on Manicouagan and Outardes rivers will be collected via 300-ky links and sent at 700 kv to four receiving stations 

with the new construction are ata 
rate less than a fifth those experi- 
enced with Open-wire, he said, and 

stream regulation for plants in New 
Brunswick and on-site installation of 
700,000 kw. This would require would result in a complete trans- 

mission grid of the entire continent.” 
“The recently announced policy 

change with respect to the export 
of surplus power to the US will have 
a very important bearing on the 
electrical industry in Canada by 
making possible an accelerated de- 
velopment of our remaining hydro 

potentials. It is in the national in- 
terest”, he continued, “to develop 
these as rapidly as possible.” 

“A total of 1.6 million kw is available from full development of 
the St: John River,” Tweeddale 
added. “It would involve a large 
dam in Maine providing down- 

ELECTRICAL WORLD e 

integrated operation between Sys- 
tems. in Maine and New Bruns- 
wick.” But it could be followed, he 
suggested, by large-scale develop- 
ment of tidal power with intercon- 
nections. throughout the Maritimes, 
Quebec, and New England. 

Thus Canada has more need for 
EHV transmission than any other 
country except possibly Russia, 
Tweeddale continued, as a conti- 
nental grid would make her hydro 
sites valuable for peaking. 

At another session, G. A. Ewald, 
Public Service E&G. Co, told of his 
company’s gains from aerial-cable 
distribution in New J ersey. Outages 

February 11, 1963 

the cost has averaged only about 
3% more. 

Original installations were at 4 
kv but recent developments have 
permitted extension to 13 kv, he 
continued. The higher-voltage sys- 
tem is designed with automatic re- 
Closers and tie switches between 
adjacent circuits to hold outage ex- 
posures to the equivalent of 4-ky 
circuits and provide service of com- 
parable reliability. Construction of 
13-kv_ circuits generally resembles 
that developed for 4 kv except that 
insulation is boosted to 156 mil of 
butyl rubber and 65 mils of neo- 
prene strung in ceramic spacers. 
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700-Kv Transmission Planned 
Canadian Electrical Association told of project to deliver 
6,000 Mw to Montreal and Quebec, hears plea for interna- 
tional development of St John River and continental grid 

Transmission at 790/735 kv ac 
was selected by Hydro-Ouebec’s 
EHV Project Group as the.best way 
to convey nearly 6 million kw from 
hydro plants on the Manicouagan 
and Outardes rivers 400 miles to 
Montreal, Project Chairman H. W. 
Haberl told the Canadian Electrica] 
Association recently at Quebec. 
This voltage was selected, he said, 
as “the highest . . . possible at this 
time,” considering that manufac- 
turers must start to deliver equip- 
ment next year for service in 1965. 

Other sessions of the four-day 
conference covered national and in- 
ternational grids, hydro and thermal 
generation, overhead and_ under- 
ground distribution, and many other 
utility subjects. 

Backbone of the 700-kv project, 
Haberl explained, will be three 700- 
kv lines, two crossing the St. Law- 
rence near Quebec and following the 
south shore to a new receiving sta- 
tion at Boucherville, opposite Mont- 
real. The third will run entirely 
north of the St. Lawrence and ter- 
minate at the existing Bout de l’le 
‘Substation on Montreal Island. All 

three circuits must also span the 
6,000-ft-wide Saguenay. 

Boucherville and Bout de I’le 
substations will be linked by a ten- 
mile 700-kv tie and will deliver 
Manicouagan power to the existing 
300-kv system through nine 600- 
Mva banks. A similar link near 
Quebec will link Levis Substation 
with the third 700-kv circuit and 
existing 300 kv lines at Laurentides 
Substation; Levis will have four 
400-Mva banks for 230-kv load. 

Input to the 700-kv lines will be 
collected at two transformer stations 
in the Manicouagan-Outardes area. 
The first, to be known as Mani- 
couagan because of its proximity 
to the 1,016-Mw Manicouagan 2, 
will also gather 1,123-Mw from 
Manicouagan 3 via four 38-mile 
lines, 642 Mw from Outardes 3 via 
two 28-mile lines, and 300 Mw from 
a later development. All gathering 
circuits will operate at 300 kv. This 
station will feed about 3,000 Mw to 
the two south-shore 700-kv lines. 

The other collector station, to be 
built about 40 miles up the water- 
shed near Outardes 4, from which 

~NEW GUYED-Y TOWER for 500-ky lines (second from right) is compared with more conventional guyed structures by V. F. Crowley, Shawinigan Engineering Co. 

58 
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for 
it gets its name and 596 Mw, will 
also pick up 1,344 Mw from Mani- 
couagan 5 via four 69-mile 300-ky 
circuits. Outardes’ 2,000-Mw out. 
put will flow to Quebec and Mont- 
real via the third 700-ky circuit; 
it will also have a 700-ky link with 
Manicouagan Collector Station. 

Corona loss will be no greater 
than that of the existing 300-ky 
Bersimis lines, Haber] said. Final 
design will provide four-conductor 
bundles of the same Bersimis con- 
ductor at 18-in. spacing with phase 
spacings greater than 50 ft. Clear- 
ance to steel at each tower must be 
about 200 in. requiring strings of 
35 insulators. Such lines wil] be 
rated at 2,000 amp continuous but 
would be “capable of much more.” 
Voltage Limited by Reactors 

Overvoltages on lines and equip- 
ment will be reduced considerably, 
Haberl said, by permanently con- 
necting 330-Mva shunt reactors to 
each 226-mile circuit at the collect- 
ing stations and at the receiving sta- 
tions near Quebec. The shorter lines 
from Quebec to Montreal wil] have 
165-Mva reactors at each end. 
Maximum dynamic Overvoltage on 
load rejection, with these reactors, 
he said, will not exceed 1.5 times 
normal. Switching surges from line 
energization are also Teduced and 
will not exceed 2.1 times normal. 
Consequently, he said, BIL require- 
ments will be 2,000 to 2,500 ky, 
but without reactors they would be 
“very difficult.” 

Total current drawn by the shunt 
reactors will neutralize two-thirds 
of line-charging current, he contin- 
ued, and generators and additional 
lower-voltage switched reactors will 
be used to hold down light-load 
voltage. Switched Capacitors on re- 
ceiving-end 300-kv buses will neu- 
tralize shunt-reactor current during 
full-load operation. eee 

Stability requirements of the 
6,000-Mw system will be met by 
clearing line-to-ground faults in six. - 
cycles and reclosing in 25 cycles. 
The shunt reactors completely dis- 
charge the 700-kv line during 25 
cycles of dead time, Haberl said. 

Power transformers for receiving 
stations with rail access will be 
banks of single-phase units capable 
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Progress in. @aseous Insulation 

 pesrener tpneheett cal: edperthemtal, and PABLiCal 
pe ‘developments in gaseous dielectPic phenomena 

are reviewed from recent literature. Chemical 
and physical properties of gases and their 
effects, are also discussed. (215 references.) 
“The: Report. was originally written for Heywood 
& Cogsof: Lovidénvas a chapter for a beok on 
“Progress in Dielectrics. oer ee. oo ee 
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Mr. Vadnagara requests additional information ‘as to the capac- 
jtance of the test circuit for the current-limiting fuses. The normal 

4M@est circuit would have an inherent shunt, capacitance of several 
( oer picofarads, the exact amount. depending on whether high- 

~~ yoltage transfermers with capacitance graded bushings, actual 

Jength of buswork, and impedance loading were used. This capac- 
jtance would be in the range of normal overhead distribution. 
“Typical installations using underground. cable would have a 

shunt capacitance of much higher value. These values could range 
from 0.1 to 0.5 uF. Since the normal test setup does not utilize any 
shunt capacitance of these values, a special test was made to deter- 
mine whether it would be an appreciable factor. One size (15.5 kV 
10 amperes) NX fuse was tested on a circuit with an available fault 
current of 12 kA at the fuse design voltage. A shunt capacitance 
(in addition to the normal circuit capacitance) was varied from 

———— 

mew ew ay ne. es 
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0.075 to 0.53 nF during the test sequence. The peak arc voltage was. 
found to be slightly higher (2.5 to 5 percent) with the larger shunt 
capacitance value than the maximum obtained with no added 
shunt capacitance. I would attribute this to a slight interaction be- 
tween the circuit. inductance and the shunt capacitance when the 
fuse element melts and introduces a rapid resistance into the circuit; 
but the same resistance quickly dampens any oscillatory effects and 
‘prevents higher overshoot of the voltage. 

“Mr. Bronikowski’s supposition regarding the use of ribbon- 
element. NX fuses at lower circuit voltages with a corresponding 
reduction of maximum arc voltage is correct. Also, with this type of 
element, the maximum arc voltage remains independent of the 
fault current. This characteristic permits more versatility of applica- 
tion as Mr. Bronikowski mentions, especially as related to coordina- 
tion with lightning arresters. 

. Testing EHV Station Insulation for Performance in 

Contaminated Conditions 
JAMES D. M. PHELPS, wempBer, 1zEr, JAMES B. OWENS, senior MEMBER, IEEE, AND AREM 

FOTI, SENIOR MEMBER, IEEE 

“ Abstract—This technical paper deals with two phases of wet test- 

\ @.: of EHV station insulators; one for conventional rainfall tests 

with prescribed rate of precipitation and water resistivity and the 

other for artificial contamination or pollution tests under wet condi- 

tions. The authors recommend a change in USA Standards for rate 

of precipitation and resistivity of water and offer supporting test data 

confirming the ability to distinguish between satisfactory and unsatis- 

factory insulator designs as a result of employing their new proposal. 
They also offer a proposed contamination test procedure which is 

convenient to use, which gives reproducible results, and which is 

sufficiently flexible for use in varying the severity of the applied 

artificial contaminant according to user requirements. The artificial 

contamination, or pollution, test may be used in rating insulator 

designs concerning performance under contaminated and wet con- 

ditions. 

INTRODUCTION 

| NSULATION systems for outdoor stations have traditionally 

been designed using stacking apparatus insulators. Porcelain . 

elements with appropriate joining hardware have been as- 

sembled into columns to provide adequate height and insula- 

tion performance. When insulation systems have been designed 

for extra high voltage (EHV) stations rated 345 kV and ‘higher, 
jt_has been observed that incremental increases in the height of 

jnsulator columns do not produce a corresponding or proportion- 

- gte increase in the insulating value achieved. This is particularly 

Paper 31 TP 67-98, recommended and approved by: the 
Switchgear Committee of the IEEE Power Group for presentation at 

: yhe IEEE Winter Power Meeting, New York, N. Y., January 29- 
“February 3, 1967. Manuscript submitted October 31, 1966;.made 
-gyailable for printing August 30, 1967. ae : 

J. D. M. Phelps is with the American -Electric Power Service 
Corporation, Canton, Ohio. eye tecis “pete oe Sa eee erg hse 

J. B. Owens and A. Foti are with the I-T-E Circuit Breaker Com- 
pany, Greensburg, Pa. 15601 

true when insulation is subjected to long-duration switching surge 

voltages. Extra care in testing and evaluation of test informa- 

tion has been required to insure the desired reliability of EHV 

station insulation performance. | 

In the design of 500- and 765-kV stations for operation in 

coastal or industrial environments, it is particularly important 

that insulation performance be evaluated with a proper simula- 

tion of the variety of conditions that will exist in service. Con- 

sideration must be giveh to the effects of rain, fog, and moisture 

condensation on clean aind contaminated insulator surfaces. 

Tests have been condicted leading to the establishment of new 

performance criteria foriwet testing to evaluate insulation per- 

formance during rainfall conditions. In addition, work has been 

done to develop a technique for the simulation of heavy surface 

contamination wetted by fog or mist. The work was undertaken 

because.there was no recognized system of evaluation from which 

reliable and repeatable results could be obtained and related to 
field experience. 

Wet. or Rain TESTING 

The current standards of the U.S.A. Standards Institute! 

specify that outdoor station apparatus insulators be subjected to 

a wet test using water of 17 800 ohm-cm resistivity falling at a 

rate which will allow an accumulation of 5.08 mim/min. The 

standards of the International Electrotechnical Commission 
(iC) @ specify that wet testing be conducted with 9000-11 000 

ohm-em water and a rainfall rate of 3 mm /ming These are.ex= 

ceedingly heavy rates, corresponding to an-accumulation of 7-12 

inches per hour or 17—29 feet.per-day. Such rates of rainfall rarely, 

af ever, occur in outdoor station operating environments. 

The resistivity of the water specified in the U.S.A. standards 

is substantially higher than the resistivity of rain water that has 

fallen through normal city or industrial atmospheres during the 

early portion of rain incidents.!3) [EC requirements more closely 

tae rere I 
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A. Salt Fog Test 

B. Predeposit Test 

lL, German method 
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SUMMARY 

A. Utility of Various Test Methods 
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C. Need for Both Development & Practical Test Methods 



FIELD AND LABORATORY TESTS OF CONTAMINATED INSULATORS 

FOR THE DESIGN OF THE STATE ELECTRICITY COMMISSION OF VICTORIA 

500 KV SYSTEM 

J, Johnson R. T. Henderson W. S. Price — 

bie: Be ieiwian: EF, ds Turner 

In recent years, the control of switching surges by circuit breaker resistors, 

and the use of shielding angles adequate to reduce lightning impulse flashovers, 

has made possible appreciable reduction in transmission line insulation levels and 

cost, particularly on EHV lines, As this process continues, additional design 

data will be required for the power frequency withstand of line insulators exposed 

to contamination, if future line designs are to be both successful and economical, 

Although extensive investigations have been made during the past two decades 

on the power frequency performance of contaminated insulators, the basic mecha- 

nism is so complex, and there are so many parameters, known and unknown, in 

the problem that much work remains to be done to permit optimum line design, 

Since the future 500 kv transmission system of the State Electricity 

Commission of Victoria must traverse a very severe contamination area, as in- 

dicated by present 220 kv line performance, a very extensive investigation has 

been made, including both field and laboratory work, This work provided a sub- 

stantial amount of new design information for the 500 kv system, Details of this 

study are presented in this paper, for comparison with previous investigations, 

and possibly to serve as a basis for future research, 

FIELD EXPERIENCE 

The State Electricity Commission of Victoria supplies virtually all the elec- 

tric power in the State of Victoria, an area of some 88, 000 square miles in the 

southeastern corner of Australia, Apart from small hydroelectric stations con- 

tributing to peak load demands, and a low load factor entitlement from the Snowy 

Mountains Scheme, the bulk of the power is generated by base load thermal sta- 

tions situated on the very extensive lignite brown coal fields of the Latrobe Valley, 

about 90 miles east of the capital city of Melbourne, 

Since the first thermal station was installed in 1924, the total capacity of the 

Latrobe Valley generation has grown to its present level of some I, 400 MW, with 

a further 1, 700 MW of plant under construction or on order, and the probability 

of extensive additions in the future, 

ae State Electricity Commission of Victoria, Melbourne, Australia, 

Bechtel Corporation, San Francisco, California, 

xe «=©=9General Electric Co,, Schenectady, New York, 

KKK =General Electric Co,, Pittsfield, Massachusetts, 
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STANDARDIZATION 
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POLLUTION TESTS IN IEC TC 42 
qoemaemncnn en ng le TC ESD POO EEO L ELITE SELF OE NE 

IEC TC 42, High Voltage Testing Techniques, has adopted the 

following clauses for contamination testing. These have been approved 

to be sent out to the National Committees under the six-months rule. 

3.4 Artificial pollution tests 

Artificial pollution tests are intended to provide information 

on the behaviour of external insulation under conditions simu- 

lating pollution in service. 7 

The basic objective is usually to verify that the test object 

will withstand a specified amount of pollution at a given test 

or operating’ voltage. ee | 

For comparison tests and for research, the objective may be either 

to determine the degree of pollution that the test object can 

withstand with a given probability at a given test voltage, or to 

determine the withstand voltage for a specified degree of pollu- 

tion. For comparison tests, the former procedure is preferable. 

The procedure to be adopted must give reproducible results, taking 

into account the statistical nature of the flashover mechanism. 

The result of an artificial pollution test is dependent. mainly on 

the following factors: 

- the installation of the test object 

- the procedure for applying the pollution 

- the amount, conductivity and distribution of the pollution 

- the amount of moisture deposit | : 

- the manner in which the test voltage is applied. 

3.4.1 Test procedures 

3.4.1.1 Installation 
a eeneennneneneeennnenllll 

The test object should be tested in a position (horizontal, vertical 

or inclined) corresponding to actual working conditions. The clearance 

to entraneous structures (see Clause 3.1) need not exceed 1.0 S and may 

even be reduced below this, without affecting the validity of results, 

provided risk of flashover of the clearance is avoided. 

The insulator shall be in thermal equilibrium with the air in the cham- 
ber at the start of the test. The ambient temperature at the start of 

the test shall be not less than 5°C or greater than 30°C. 



Servig of Lteraten aoe ' 
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The state of understanding of the mechanism of flashover of eollaren 

insulation is revealed by Toliedationsiel "a paper (1) and the discussion fol- 

lowing it.4. fits his data to the equation (VeAv ")t = Cea. r” i where V is 

the applied unidirectional voltage, a is the minimum voltage below which a 

flashover will not occur, t is the time to Bieshower, c is a constant, e is 

the energy needed for Ai cues production, r is the pollution resistance 

per unit length, and L is the distance between electrodes. ZOoledziowski 

believes that the discharge propagates ‘in air, not steam, that a dry band 

is not required for discharge Were ce and that the discharge starts to 

propagate at zero time. 

Salthouse (2) has studied the J etainbers which result in the initiation 

of dry bands on polluted insulators. iisots a critical temperature rise 

(ATc) which is less than ie tof the resistance in one location increases much > 

more rapidly than in others. ATc corresponds to a eater dissipation density 

of about Saini) he : | 

(3) has studied the natural conditions of humidity, fog and tem- Kawai 

perature which precipitate flashover and has determined withstand voltage 

of a ee: types of subpaneton insulators as a function of salt de- 

posit density. Light rain or fog after several hours of high humidity min- 

imizes flashover voltage. A steam fog artifically reproduces this condition. 

(4) Johnson et al have reported on an intensive study of the conditions 

leading to flashover of Neadiie contaminated insulator strings leading to 

design criteria for a 500 kV line in Victoria. Contamination is by a salt 

laden stoke and fog, underside contamination controls. KV/insulator for 

si flashover varies eae ast jad maids of See concentration 
| | oe 

being iss in/Kyv. at 8.2 ahd 2.1 in/KV at 10 me /cm= ‘ Achechiaien de cen ad 

and results of high speed motion picture corollation with surging currents 

are described. 
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MEMORANDUM 

August 21, 1969 

PROCEDURE FOR CONDUCTING CONTAMINATION TESTS 

ON SUSPENSION INSULATORS 

GENERAL 

At the present time there is a great need for an artificial contamination 
test for high voltage suspension insulators for use in polluted areas. In 
such areas the behavior of suspension insulators is frequently the limiting 
factor in determining the size and type of insulator to be used. 

WITHSTAND VOLTAGE TEST 

The object’ of this test is to determine the maximum withstand voltage at a 
given reference layer conductivity. A series of testsshall be conducted 
as prescribed in this memorandum on an insulator, or insulators, with 
specified reference coatings, The insulator withstand voltage is the — 
maximum value of voltage which may be applied to a test specimen on three 
consecutive trials without flashover at a given level of layer conductivity. 

SCOPE OF TESTS 

Ee The procedure outlined in this memorandum applies to the testing of | 
porcelain suspension insulators of nominal voltages greater than 1 KV, 
which are used outdoors and exposed to polluted atmospheres. At 
present, this procedure is limited to A.C. voltage tests, and is not © 
intended to be used for insulators of organic material or to determine 
the efficiency of different surface treatments, such as silicone com- 
pounds. The general procedure is known as the wet-contaminant method 
and is “dita in agreement with that described by F. J. Turner and 
B. Macchiaroli. 

The voltage source used in making these tests should have a short 
circuit current not less than 5 amperes RMS. 

pan Cleaning of Insulators 

The insulators shall be carefully cleaned so that all traces of grease 
are removed. Detergent may be used, after which the insulator surface 
shall be thoroughly rinsed with clear water to remove remaining traces 
of any ionizing material. The surface of the insulator is deemed suf- 
ficiently clean and free from any grease if large continuous wet areas 

are observed. After washing, insulators shall be dried by bLoviae 
compressed air on the ehuisishs «see 

LTEEE Paper No, 69-TP-692 "A Study of Some Variabiles Affecting Contamination 
Testing Using the Wet Contamination Method" B. Macchiaroli and F. J. Turner. 

IEEE Paper No. 69-TP-14 'A New Contamination Test Method" B. Macchiaroli and 
Fo 5. Susier. 
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10: Members ofthe Contamination Working CRORE | | ee 

| On May 30, 1975 MIT will host an informal seminar on Pntaiinat ion 
flashover. Interested members of the Working Group as well as other interested 
persons are welcome to attend. The major purpose of the seminar will be to 

| present results of the NSF sponsored flashover study. 

The  aatint ile wil] Fede: | e 

1) Presentation of theoretical results. 

=p 2 ) Presentation of methods found to control flashover, includinc one 

method for which a patent has been filed.. High speed motion pictures oy these 
methods peerencrng flashover will be shown. 

3) A discussion of surface wetting effects. 

ie 4) Results of tests on semiconducting glaze units. 

‘s 5) A demonstration of a computer simulation of flashover. 

) 6) A tour of the laboratory, and flashover dem@meitetlons.. 

>> In connection with the topic-of surface weteinee My For Kell, President 
Of Silibond Products, Inc. will discuss a new water repellant coat ing for oe 
insulators. eee more repellant than: TefTon: or Silicone... The coating “is 
in the development stage and has been successfully tested at MIT. A coated 

Suspension insulator will be available for pepes tice 

| Also participating in the presentation will be Mr. Ed Los of the G.E. 

nign Be age Laboratory, and hopefully Professor T.C. Cheng of the University 
a ©) ern California, wno conducted research while a student here, and is now 

| beeryinc out contamination research at USC. 

The meeting will be from 9:00 a.m. to about 4: 00 Epa Reservations should 
be made directly with one of the hotels listed on the attached sheet. The Note | 

Sonesta is recommended as being near MIT, but may fill up-shortly. 
The meeting has been scheduled on Friday so that persons so desiring can spend a 
weekend in the Bicentennial City. For those who think they are young enough, we 
hope to have an optional "night on the town" after the Seminar.. 

Please let us know if you plan to attend so that we can plan ahead and 
also send further details. <a 

David C. Jolly 

Pe | Staff Engineer 
—DCI/s | : Division of Sponsored Research _ 4975 
enc: 


