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NOTES ON RADIO INTERFERENCE 

Introduotory 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 it with reference to ground potential. These voltages, by means 

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

audible 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 must have a moans 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 capablo of rosponding to almost infinitesimal 

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

electro-magnetic disturbances which eut across tho antenna and which 

have frequency components corresponding to that to which the recoiver is 

tuned. It is for this reason that the radio froquoney 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 

communication to prevent what would otherwise be a chaotic condition 

which would render radio communication impossible or at least unrcliable. 

It is unfortunate, but novortholoss truo that a largo varioty of un- 

wanted clectro-magnetic disturbances oithor occur in nature or are in- 

cidontally produced by many devices which have come to be nocossitios 

in the modern modo of living.  Thoso 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 variety, oro 

causod principally by cloetyios] discharges in tho atmosphoro, Lightn- 

ing strokes produco and propagate clectro-magnotie disturbances having 

froquoney Gompononts throughout most of tho useful radio spectrum. With 

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

that can bo dono to oliminato this source of interferwneo oxoopt to im- 

provo transmitting and receiving oquipmont and attempt to impreve tho 

Strongth of tho dosirod signal in relation to tho unwanted ono, Other 

typos or systoms of broadcasting, such ۹898۹ 57 modulation, now 

mainly confined to ultra high froquencies, 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 amplitudo modulation broadsast- 

ing stations and roooivors, | 
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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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Subjective tests to determine the degree of 

annoyance caused by interference from automobiles 

and electrical appliances to television viewers. 

OTTAWA, AUGUST Ist, 1952. 
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/ "haltimore, August ?h, 1994. 

B. A. Freyi- 

On August 17th I called on Mr. James A. McCutehen of the SEA in Washington for 

the purpose of obtaining advice ‘and 086 1 هد هت‎ SM radio وصف‎ TY in- 

terference problems. Wr. MeCutehen is recognized as an exp prt on thie subject, 

and this cali was 68 epecifieally toward setting up a jw ible program to 

make evaluation tests in the Locke laboratory. 
| | 

In addition to a long ülscussion with Mr. MoeCutohtem; isuk he did most oF the 

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

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

aulators that were known to be noisy in ۳ھ‎ | 

= 7۸ 
"i. Ex 

The following ie a List of snswers uy Wi 

cadio noise and TV noise are not com aiie. 
hardware on s string of insulators, much.e« two No. 16783 ھ'‎ in suspension, 

> 

Orr oston o7 y ond 2 gece cose 

both Kado ond TY tater ference 

Carrosron gt ال‎ atl cease T= 

2 ferferenc e ot /7 

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

te in a clean atmosphere in a rural locelity. 
SE 

2) It takes from four to seven years 46 develop enough corrosion oa galvenised 

3) Samples of No. 16503 suspensions which 6 known to be moley appeer to be 

hardly corroded at all except ror tightly adhering black spots anc blotches 

where hardware carto are in contact with one another. Examples of this ere 

corrosion on the cotter bolt where it comes in contact with the clevis hole 

and on the eye bolt where it comes in contact 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 adjacent hardware perte to 

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 

- line. Such a method of calculation is 

useful for many purposes including: 

1l. 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. ADAMS 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, 
NL. X. 

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 experimentsortests. 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 

$ln) =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 0/08, 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 £ directions 
respectively 

grad ¢=i 0¢/0x+j O ゅ /Oy 十 kk 09/0z = gra- 
dient, volts per meter 

[o > 4+ 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 

l=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 

Ug =field factor 
k —test cage current spectral density factor 
V-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 y 
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of the proper magnitude, breakdown would occur and act as a small transmitter 
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Paul Schratter 

Baltimore, June 13, 1956. 

J. W. Taulman (3) EE اک‎ 

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 DW 

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

terference. The Engineering Section requested that our field representatives 3 

obtain a string of suspension insulators which had been established as the ue rr 

probable source of television interference. eis; di 

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

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

This course of action was necessary since television interference, unlike ۲٢ h 

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

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. 11 was not expected that this condition 

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

would provide a reasonable pressure contact. _ T 

The technique of developing television interference on suspension insulators 

basically was accomplished by inserting a thin sheet of paper between the. 計 

ball and socket connections of two insulators, Stressing the insulators lec- 2 

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

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

the same as electrical breakdowns similar in nature which have been ree  ? 
4 

and publicized in the past. These would include interference of the 2 

produced by the spark plugs of àn automobile. | 

On the picture screen, interference consists of numerous short-black 1 

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

vertically on the television screen. As the intensity of breakdown 

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

It was observed that the first interference rec on 
bil Wal 1 aE.جج ‏ 

screen consisted of a single narrow 9 
down of the negative half cycle ol o" と 2 
la: aes y هلتر‎ E 
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a: Ralph, please accept my deepest apologies regarding the long delay in providing 
ee | you with some dope on the television interference (TVI) problem. Iœn take 
E credit 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 &greed to send us & 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 & 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 

LT o according to frequency range desired) was added to the receiving circuit and 
|^ — 7 placed in parallel with the outside antenna. Thus we have a "ueasuring" system 
"a in which we can at least obtain qualitative date which is of some value for 
FUTT REN comparison purposes. Our set-up is as shown on the attached photograph. In 

T. 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, &n alternator 
was placed in the main antenna circuit, so that, in effect, we could cut down the. 
incoming signal &nd simulate a quite distant TV station. 

Ee To digress a bit, let's examine some of the mechanisms which must be available to i 
usi provide TVI. To date, I have seen no literature which indicates in any way that 

 ‎ is corona, as such, can cause TVI. Therefore, that leaves only the spark, whichاپ
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THE USE OF ALUMINUM ALLOY AND HIGH STRENGTH 

LOW ALLOY STEEL FOR POLE LINE HARDWARE 
aa TEM 

John L, Eberly 

INTRODUCTION 

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 RESISTANCE 1Y i m a 

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 

RT NR MEER aan 

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

at end of paper, 
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ABSTRACT A 
Bare EC Al strands cast in concrete were 

exposed to accelerated curing cycles in an auto- 
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properties and microstructure. | 
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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 
increase after the fourth or fifth cycle with 
the corresponding decrease in T.S. and Y.S. 

Loss in mechanical properties by affects of 
concrete occurs during the first curing cycle, 
and is due to reduction in area and pitting 
attack of the aluminum strands. 
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The material in this paper ie of interest particularly Qt this 

time, 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 06 to lines in isolated sea coast or indus- 
637 areas, 

| 
We, at the ーー Corporation, 88 producers of forged 

steel and non-ferrous transmission 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 f with the causes, the variables, the classes, and the effeots of corrosion, 
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A few ‘utilities, & part of whose linea operate under severe corrosion conditions, express a preference for malleable iron versus forged steel Suspension insulator Gapa. A major portion of suspension insulator manu. facturers use forged steel caps because of their inherent rester strength | and dimensional fidelity. From a corrosion atandpoint, it would seem thet too much emphasis is being placed on the cap material. Both the eap and Stud are subject to corrosion. The critical cross section Of the forged oap is approximately five tines that of the "ses ball pin, Actual 
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SUBJECT: Catastrophic Damage 
To Chipping 

Messrs. R. Weller 

J. Kaminski 

^A COMM 
8* 272-9 

ES Wheeler 

HA Frey 

AJ Pezdek 

CORTES: 

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) . Simi lar 
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-1bs。 
increments until chipping occurred. 

B. Electrical test the units 

C. Thermal shock the units. Three cycles were employed, with bath 
temperatures being 329 F and 2129 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 | 
2 30 FO chipped petticoat 
3 20 FO chipped petticoat 
4 20 FO chipped petticoat 
5 20 FO chipped petticoat 

11 20 FO chipped petticoat 
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Nature of Tests: Material 
Impact, Thermal, Flashover, M&E, and Ultimate 

NGK- 557MG- 20 

Refer to Test Req. No. | i 
1291 

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 ( 329 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 (329 F to 2109 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 to M& E 

test 

This report is the property of General Electric Company, and it may not be reproduced or Signed 8 

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 ws | 
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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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2525 Insulator Drive COPIES: 

Baltimore, Md. 21230 GM Boyd 
| . HA Frey 

c BE. Kingsbury 

September 27, 1966 = e یا‎ 

COMPETITIONS CLOSET: hu 
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, ít 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: 

| | ar arunak e 

Ja minski, Jf. 
Product Planner & Application Engineer 

pr 
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 ‏GENERAL @@ ELECTRIC ها نس
INSULATOR DEPARTMENT‏ 

Insulator Drive 2 1966 BEE‏ 
2525 

Baltimore, Md. 0 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 S.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 Norma1 Break 

2À _ 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 

2Q 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 

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

from Pacific Gas and Electric Company. 11 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 1bs. 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. 

Jes 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 QD) ELECTRIC DE وک‎ 
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 12 - 5 13/16 12 lb. 5 oz. 
2 8 .11 15/16 5 6 12 lb. 6 oz. 
3 8 1/16 12 6 5 3/4. 12.1b..6 oz. 

M & E and Ultimate Strength (Lbs. 

Sample No. M&E Ultimate 

1 17150 20250 
2 20100 ' 24100 

3 20150 25050 

4 21150 | 22250 
5 26400 26900 
6 23150 23550 

7 17100 21700 
8 15800 20350 

9 19800 21750 
10 19800 24200 

Average 20060 23010 
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、 Table Vl. Repeatability of Readings 

a Difference Between 
・ Paired Readings, Db 

۴ Number 一 一 一 一 - 一 一 一 ーーーーーーーーー 一 
of vob. Standard 

bL Samples  : Mean Deviation 

Dampers ; 36 ペー1.2 4.9 
Suspension Insulators with Clamps 30 ei 01.3 3.8 
Compression Joints : 6 3 +3.6 12.9 
Dead-End Insulators with Clamps (4 —8.0 $2 
Loop Support Insulators with Clamps 6 ー6.0 2.5 

type requires à 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. / ! dei ud" ١ 

Tests after assembly showed that this microphone-reHector 

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, toze ےک‎ ., 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-2x10- 
microbars, when the band-pass filters and reflector have been 
removed from the system. po abre d 1-8 

Insulation Requirements, Corona Losses, 

and Corona Radio Interference 
. for High-Voltage D-C Lines HA; 

。 N. Hyltén-Cavallius, Member IEEE S. 46 eH, Witt V. Madzarevié . . 

Insulation Requirements 3 

GENERAL CONSIDERATIONS | 2-7 | 

Both a-c and d-e 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 ehain 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. à 

The mechanism responsible for insulator pollution and sub- 
sequent flashovers, éan be as follows. The airis contaminated 
with small dirt particles which become: deposited on the 
insulatorasalayer. 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 dissoeiable matter may be 
increased by the presence of gaseous SO。.) . But also the fre- 
quency and intensity of rain is of vital importance, as rain 

Table I. Characteristic Data for Atmospheric Pollution, 50ر‎ 
Content, and Equivalent NaCI Deposit on Line Insulators in 

ps Various Districts 

Equivalent 
NaCl Deposit 

Atmospheric SO; Content on Line 
A ۱ : Pollution, in Air, Insulators, 

Mg/Cm? */iMonth Parts Mg/Cm? 

Clean areas 0.01-0.2 [0-082 0.02-0.05 
. Industrial areas 0.2 -0.8 10 8-7 0.05-0.10 
Heavily polluted areas 0.8 -4 1077-1075. 0.10-0.40 

* Milligrams per square centimeter. 

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

| Insulators | 
tienen کک‎ 

* NaCI 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 2882-4 0.4 
available for printing April 19, 1963. M opi 3,000 : Tr. 0.2. 
N. HvLTÉN-CAVALLIUS, 8. ANNESTRAND, and V. MADZAREVIC are A et bru E ` with ASEA High-Voltage Laboratory, Ludvika, Sweden; H. WWrrr is of i 
Pinneberg, West Germanys aet SI A و‎ ١د‎ * Meters. - 

500 | s a Hyltén-Cavallius, Annestrand, Witt, Madzarevié—High-Voltage D-C Lines OS, | -May 1964 
TOUR. 
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INCE THE FIRST long high 

J voltage DC link connecting 

the island of Gotland and the 
Swedish mainland was commis- NS 
sioned ten years ago, six major - ١ 
HVDC projects have been under- یی‎ 
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. : 

The theoretical advantages of E 

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

Application and Project Engineer elits 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 metliod of generat- 
ing power at alternating current, 

The Role of HVDC 

Today 

- 7۶ 

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 0 

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. | : | 

= 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, 

Sweden. He has been closely associated with the 
designing of control equipment used with the 
Gotland-mainland link as well as with the develop- 
ment of all equipment for d-c cable connections 
between French and English power girds. He 
is the Swedish representative to the IEC Sub- 
committee on Mercury-Arc Converters. 

Mr. Hans Stackegard, also an electrical en- - 
gineering graduate of the Royal Institute of Tech- 

nology, is an application and project engineer 

at ASEA's HVDC Department. Prior to this he 
spent two years as a research engineer on satur- 

able reactor development with the Hevi-Duty 
Electric Company, Milwaukee, Wisconsin. 

PAGE 28 

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- 
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 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. 11 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 às 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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Mr. J. PT | 

iat During a visit to AS رم‎ week, Mr, Fixer and I epent \ a  belef 

y You wera particularly faterested in contacts to make to secure the p 
.performauace business associated with this work. 

.. . General Electric representatives on the joint venture team are George 
. Bauptmen and Glen Brewer. 

. porcelains. 
the problem ie that of determining exactly what porcelains will be required. جہ‎ m v 

I would, cca daa — that you call on or write Mr. Brewer on thie. 0 "a 

T Incidentally, if AER information is “required, Gener سو‎ ' of Sehenectady, A 

Tha métoriul must be on the site می‎ for ا‎ by NM 1968. | 

— . (Clip Diamond is Bonneville purchasing agent). 

Gene Munter said that Gene Starr of Sce - د‎ te ییا‎ à - 

` pressed by plass. 

that haning information should be available within a few weeks. 

July 12, 1965 

situation,2 سمه ‏ with Gene Hunter 81804915 D.مم ‏ 

Mr. Hunter said that the | 

Glen Brewer would be the man to contact concerning GR کہ‎ 
C. £. already has the order on the substation equipment, so that 

matter. 

has the comp la te re layouts. تت‎ 

This tacluden a Large muaber of wali bookings for 400 Ky phos and بند‎ 

Tha ewitehyard and line insulators will be purchased by Bonneville rest, | 
The first line will isi TURAE 
The second Line M gos oe wu ae miles and is scheduled for 1968 or sooner. 

same length is scheduled ín 1970 or 1971. 

witnessed a nowber of tests om the glass insulators and is tremendously ime 
This will be one obstacle that we will have to overcome. 

When our D. C. insulators are resdy, mw. we should ‫‎ hím. bere te counters dي 
act the penise jacit | 

tn response to specific questions esusersing the most recent NE ےہ هپ هه‎ E 
on leakage distance, Mr. Hunter gave us the following information: ASEA vecom 
mended leskage distance for outdoor application at D. C.: 2.3 تک‎ per Ev limo = E 
to ground. ASEA recommended leakage sums for indoor / ——S at - Pe Wd 
1.4 CM per Kv liue to ground. 

These values sre somewhat UT cia had been ud teon بوس‎ ide 
mation and Mr. Hunter indicated that this wae not yet completely frosen P». 

 ق



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) 
dc 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. l 

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 BRIEF: There are many Teasons for wanting to transport electric power over long distances. the desire to build power plants far from cities, the advantages of exchanging power between regions where demand Occurs at different times of the day OF SEASONS orar. year, and the need to in- terconnect widely separated areas that have different SOUurceg of power. The key to UTI electricity over hundreds of miles, 
and doing it economically, is to use high 

0-kV line can carry about four 

INTERNATION “Aster v des 

times as many watts as a 245-kV line. H 010- 
ever, there's. also the question of whether 
to use ac entirely or convert ac to dc 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 51-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 Electrics 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 dc 
link between Sardinia and the Italian mainland. 

One positive and one negative cable at 266 kv 

dc 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 dc 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. EAS 

Inquiry Number T&D 2786 es T E 
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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 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: 

Cause Builtup time | Crest voltage 

(ms) (p.u:) 

Induction to healthy 
poles when one pole 

grounding. 

Type 

Switching 
impulse Ea 1:57 29 

Misfire of one or more | Basic 

value ٦ frequency 

Start with an open 275 20 ا‎ dc 

end. | 

. are shown in Table 1?:? The switching impulse type is a damped 

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

frequency ac wave superposed on a dc wave. The dctype 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: 

Ce Builtup time | Crest voltage Type 

(ms) (p.u:) 

Induction to healthy Switching 

poles when one pole 0.371 1.52.8 impulse 
grounding. | 

Misfire of one or more | Basic 
value ` frequency ` 

| een : 

Start with an open 

end. 

. are shown in Table 1?:? 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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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 f 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 
] 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: 

P- = F] (2) 
The power factor is the ratio of active 
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power to apparent power: 
P. = P/P’ = cosh (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: | 

Ps Eos Elsing (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: 
 7 — | ء0 )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: ! 

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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E uo n immersion testy sinilar to the: Preece “test : tor galvanized steel, : 

E. dp for determining the uni fornity and thickness of the aluminum 

| coating o on aluminized steel. A variety of etching solutions were explored. 

| BE n preferred solution contains copper. and fluoride lons, and hydrofluoric. ate 

+ acids. When the اساس‎ acid is used, the fluoride nay be added | 

| eo acs solid ammonium salt. This reduces the hazard to personnel. iu 
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 .‎ of the aluminum ET at the rate of 0.00023 inch per immersionهو |

| SE | me test requires only about ten minutes to perform. It can 

 ‎ be used in its prasent form, but further work is needed for aسم

| complete, understanding of the operating variables. 
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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 inereased coating thickness up 

to 25% with no significant effect on ductility or 
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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 Ae 
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. 

P d 

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 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» YsL and yre. Vector yrg tangential to the liquid surface at 
X forms with the solid-liquid interface an angle ©, which 

LIOUID 

» Figurel | 
Schematic of Contact Angle Showing 

Interfacial Forces Acting on a Liquid Drop 
. on a 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 yse。 ysu 
and yre. Vector yrg 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 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 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 yse, yst 
and yrg. Vector yre tangential to the liquid surface at 
X forms with the solid-liquid interface an angle ©, which 
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Figure I 

Schematic of Contact Angle Showing 
Interfacial Forces Acting on a Liquid Drop 

on a Solid Plate in Air 
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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 

ep 
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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 

Baltimome 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, 

1 
| | 

| 

| 

| 

| | 

| 

appui 

1 

= ee e 

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, 

M DM T 

 ‎ Managerنام

GFB/gm 
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Oe ME 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 cone ` 
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. 

RESUMÉ 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 

Cohn^ 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 cor- 
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 ١ | 

J. Kaminski, Jr. 

E. purpose of this paper ís to publish results of RIV investigations on insulators 

"slated hardware carried out at the High Voltage Laboratory in Baltimore. 

` The 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 Shie1ded and 

Unshielded Arrangements for 460 kv Operation. 

Comparison of Shíelded V String Assemblies for 345 kv and 

460 kv Operation 

| PERFORMANCE OF LONG LNSULATOR 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 O.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 à quadruple string as compared to 214 kv without insulator shields. 

COMPARISON BETWEEN SPECIAL ROD TYPE INSULATORS 

AND STANDARD SUSPENSION INSULATORS 

5 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 

 مو ہس ‏ټټټيچښ۴٤ې چی ےہ رک سم سارا سخا

and its Effect on Insulation 

—4aq Résumé 

By T. W. Liao, Consulting Engineer, High Voltage Laboratory, Transformer - 
Division, General Electric Company, Pittsfield, Mass. 

Foreword: This article tells what corona is and how ii 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 
oj 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 is a deadly enemy to electrical 

insulation. | 

How Corona 78 

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!: 1 

V. (KV rms to neutral) —123 rd log | 

S 

r 
For a more complicated system, ie 

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??. as 
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 thv 
surface of the insulating materials w 

given 17 

V. (V-rms) 三 720( )0.46 
Lo Ene Td EL Ie iulio e u uA o, camoاچ اس ‏ EEلب ‏ 

0,7 
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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 ہل‎ 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 

isinternal 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 30520; 

. 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 0 until che laren’ 

pulse 725 has been reached, counting only those pulses whose amplitudes 

l 3 fall at any voltage im ie range, The pulse distribution is displayed on an 

DSeilloscope. The amplitude of vue DUM Pale 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 0,100 

volts and of corona produced using polyethylene stressed at 7,000 volts. 



 و و

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 & 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 8 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. 

wis 
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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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l = The vroblem of Spacers for multiple conductor installation for‏ 
nigh and extra high transmission Systems is certainly of equal if not of 
superior importance in tne choice of fittings. | 

2 = The experience about Spacers in the international field is still 
limited and so little known, ano 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 tne projecting and the choice 
of Spacers, which may rive ample certainty of dependable service operation, 
also under the most precarious climateric conditions. 

 ‎ The report of an experienced rrench ungineer, atter the tests carriedمه 3
out on a twin experimental horizontal line, is reully not very encouraging, 
and its conclusions -ive once more great evidence to the above problem. 

hoe It is believed that the pessimism 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 conductor lines have been rullt, have however permitted to 
determinate the characteristics a aevenaable Spacer should have to 
embody. | 

5 æ Our own experience in this field nas led us to the conviction that 
a reliable Spacer 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 

By 

N. H. Erlandson, Transmission Engineer 
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Engineering & Operation Section, Southeastern Electric 
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- 
tore on two of Carolina Power اء‎ 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: 

l. Lower construction cost. 

2. 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. 

۱ In addition to the above major factors, bundling offered the following 
advantages; | 

l. A reduction in conductor temperature for ۵ given current 
value due to the increased surface area of multiple con- 
ductors e 

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 

P | 

The possibilities of using “Bundled Conductors" for inc reasing transmission line 

` capacity 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 د‎ starting point, certain information available concerning | 

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 informa- 

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 construction using different 

combinations of ACSR conductor sizes: | ! 

Resistance Reactance Charging Approx, Current 

Type of ^ Weight Ohms/Mile . Ohms/Mile Micromhos Carrying Capacity 

Lime Lbs/mile 2590 — 1 Amps r Mile Amperes 

Bundle 2-2/0 5820 «353 。685 90 540 

Bundle 2-4/0 9252 。223 。657 |. 7,07 | 680 

Bundle 2-336.1 MOM 14652 «133 。 591 Teak 1060 

Bundle 1-2/0 1-336.4 MCM 10236 2219 2632 7.07 790 

Bundle 1-4/0 1-336.4 MOM 11952 185 619 7.11 845 

Standard 2/0 Line 2910 .706 . 902 4. 93 270 
Standard 4/0 Line 4626 。445 。872 5,09 34,0 
Standard 336.4 MCM Line 7326 278 799 5 30 530 
Standard 666.6 MOM Line 13581 147 . 760 5。58 800 ۔‎ 

Note: (A) All bundle conductor lines use a 9" suboonductor spacing 

(B) Equivalent phase conductor spacing is 17.6 ft. | 

To determine some of the mechanical and magneto-motive effects, we decided to 

build about three spans of bundled constructions using 336,400 CM ACSR 8 fer 

tests. Test conductors were pulled in on a section of readily accessible transmission 

circuit having span lengths of approximately 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 Insulator 

mer 

Characteristic Sheet No. 1479 - #18250 Suspension Insulator 

characteristic. Sheet No. 1478 - #18251 Suspension Insulator 

Characteristic Sheet No. 1480 - #18252 Suspension Insulator 

Dwg・ U-93206 - Single Suspension Bundled Conductor with Corona Shield 

Dwg. U-9320h - Bundled Conductor Corona Shield 

aaia... i. 

Dwg. U-93205 - Dead End Bundled Conductor 

Dug. U-93207 - Dead End Bundled Conductor 

Dwg. V-43659 - Socket Eye 

Dwg. V-43668 - Socket Clevis 

—Dwg. V-43657 - Ball 986 

Dwg. V-h363h - "Y" Clevis Socket 

"Dwg. V-43633 - "Y" Clevis Ball 

Dwg. U-93152 - Bundled Conductor Spreader 

Dwg. U-93153 - Twin Conductor eripe 

3 Dwg. U-93208 - Bundled Conductor Spreader 

Dwg. W-93209 - Dead End Assemblies M Strain Bus Sub-stations 

Dwg. V-93210 - Bundled Conductor Assemblies 

Record of Tests - Radio Influence Voltage - Bundled Conductor Assemblies - Page l 

Decora of Tests - Radio Influence Voltage - Bundled Conductor Assemblies - Page 2 

Record of Tests - Radio Influence Voltage - Bundled Conductor Assemblies - Dwg. l 

Record of Tests - Radio Influence Voltage - Bundled Conductor Assemblies - Dwg. 2 
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| | Fhe following tabulation of RG-/U Cable characteris- 

|) ities has been compiled from various manufacturers’ 

iterature and presents a cross-section of the values 

)ntained therein. For the sake of completeness, all 

Mr available RG-/U numbers have been listed. Thus, 

| |the listings include waveguides and stub or bead sup- 
| |ported coaxial lines. For RG-/U waveguide character- 

|| istics, 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 78 Copper tube 

 ‎ i | Chloropreneا

ORT OS ۴ Fiberglas braid impregnated 

with a high temperature sili- 

cone varnish for operation to 

500F. 

CO aM EM RARE Extruded Trifluorochloroethyl- 
ene. Operates from —370F to 

+ 3901 and has a high chemi- 

cal resistance. 

e RL Lead sheath. 

Lu Black.: .Non-contaminating thermo- 

plastic for use at low tempera- 

tures (to —40C). 

 2ھ"

BIN 07ت‎ Extruded black nylon. 

RUE 、・ Polyethylene. 

UC er II. 

“Teflon”. .....Tetrafluoroethylene. Operates 
from —100F to +500F. Has 

virtually no water absorption. 

. Vinyl, Black . . .Polyvinylchloride (Vinylite) 

with a non-resinous plasticizer. 

Migration of the plasticizer 

may contaminate the dielectric, 

ll ELECTRICAL i 

Guide to RG-/U Cables 

M. GOLDSTEIN, Electronics Engineer, American TV, Inc., Chicago, Ill. 

E | | For Free Reprints of the Above Article, Circle 477 on Reader-Service Card 

DESIGN NEWS 一 SEPTEABER 1957 

ELECTRICAL DESIGN DATA | 

s 
 ‎ير

2 の 
いう 

| 

thereby increasing attenuation 

and reducing: the breakdown 
voltage. 

Vinyl, Grey ....Non-contaminating Polyvinyl- 

chloride with resinous plasti- 

Clzer. 

‘The dielectric materials as listed are: 

Copo Oa else Copolene, a combination of 

polystyrene and polyisobutyl- 

ene. 

Mis Ee ELE Magnesium oxide. | 

Poly Rt. 71 Extruded solid polyethylene. 

out 25s IUE Synthetic rubber. 

3S Polis four ml Semi-solid polyethylene  (air- 

spaced). 

Ao E GION X. semisolid Teron. 

| 

ELENOR Gin er. ip Extruded tetrafluoroethylene. 
Has low losses, high breakdown 

voltage and good efficiency at |f 

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. 

“Tehon E لب‎ eon" tapas. 

Abbreviations employed for the inner conductors and 1 
the shield braids are as follows: 

(OR راس‎ ES mou dn Copper 

QU DETTO "Copperweld" (copper covered | 
| steel wire). : 

ES Silver coated “Copperweld.” 

CODE arem یک اا‎ Tinned “Copperweld.” 

JN ee ee لات‎ Formex F, wound in helix. 

Rc ub oue "Karma" wire. 

V ES S, ....Nichrome 

ox FCD I tie Silver coated copper. 

Uu it eus Eme Tinned copper. 

T and Galo 

207 gx. Three braid: tinned copper, 

galvanized steel, tinned copper. 

(Continued on page 38) 
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February 3, 1967 

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. 

 ېز

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 à 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 is 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 infiuence voltage requirements on insulator assemblies of all kinds. 

This undoubtedly has arisen from the fear that E. H. V. lines may produce 

tremÉndous 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 
E. 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 Worid War. Il, with the 
almost complete lack of knowledge and understanding abour 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 at 1107. of line to ground voltage. This 
has resulted in a 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 

Z 1 Article from "Revue Générale 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. Tn 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. 

I. 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 

= 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 l, 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 

ONES 
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GENERAL QA ELECTRIC ^ "vow — wi NEM 

: INSULATOR DEPARTMENT Baltimore, March 26, 1963 ¥ |o 

| SUBJECT: : COPIES v g 

R. A, Chatterley, Quincy J. M. Brady, New York B 

D. P. Lacock, Pittsburgh H. M. Carmichael, Atlanta '" S 

R. D. Hilley, Jr., Birmingham C. Forsyth, Charlotte 上 g 

R. Pyle, Des Plaines | . C. B. Vaughn, St. Louis ! g 

L. M. Brock, Kansas City J. W. Taulman, Jr., Dallas 目 E 

R. E. Bauer, Portland J. J. Dobel, Denver E B 

T. E. Traugott, Burlingame P. E. Jorgenson, Los Angeles B | 

On February 13, 1963, at Fort Meade, Md., our Engineering Section staged | 1 B 

a test to determine the relative resistance of several insulating structures - S 

to gunfire. All firing was done by expert riflemen stationed at Ft. Meade. | BH 

Tests were conducted on each of the following: | ۹ | 

1. Lapp Strut Insulator, Cat. No. 73770, a 12 unit equivalent suitable : 

for 230 kv application, 15,000 1b. ultimate tensile strength. 1 

m 

2. Locke Unispar, Cat. No. 18713, a 13 unit strut suitable for 230 kv 

application, 13,000 1b. ultimate tensile strength. 
WE 

ーー هپ‎ Cp aoa! شرع هډ‎ 

Li 

Gik " | 

 ‎ EY RU isا

ee a نکال‎ 

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 E 

ft./sec. | — Mug 

3. 308 Magnum service rifle - 180 grain lead match bullet, velocity 2650 | 3 

ft: ۳ 
 ‎وو |

4. 30 cal. type M-1 service rifle - 173 grain lead bullet, velocity 2640 | 

+7 7 

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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