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August 6, 1988 
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Sets Look at Locke... 
You are a welcome visitor to the plant of the Locke Insulator Corpora- 

tion--the world’s largest manufacturer of wet-process porcelain insulators. 

_Qur company was founded in 1893 in Victor, New York, by Fred M. Locke. 

Mr. Locke was a telegraph operator on the New York Central Railroad. He con- 

ceived and developed the first wet-process porcelain insulator because of 
the difficulties that he personally experienced with the insulators then in 

use on telegraph lines. | 

From a small beginning in 1893 has grown a whole industry that is funda- | 

mental in making possible the safe and economical transmission and distribu- 

tion of electric power. With the advent of the high-voltage transmission 

line around the turn of the century came a big problem--insulators that 

would stand such high electrical stresses and yet were, strong and reliable. 

Mr. Locke’s insulators proved to be the answer. In fact, it is the only 

material manufactured today for such use. | 

Our company’s only plant was in Victor until 1920 when the Baltimore 

plant was started. From 1920 until 1935 both plants were operated. In 

1935, the plant at Victor was abandoned and all manufacturing was taken 

over by Baltimore. 
& 

[Continued on inside-back cove | 
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- THELOCKE INSULATOR COMPANY 

: OPEN HOUSE & PLANT TOUR 

ee se _ _— s+ “itis a great pleasure to welcome Locke retirees, employees, and 
family members to visit our facility. Here you will be able to see why nvy 
Locke co-workers and | are proud of the over 2,000 products manufac- 
tured here in Baltimore. These electrical insulators and other porcelain 
products are used throughout the North American continent and in many 
countries of the world. : | 
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| “All of us are engaged in a difficult struggle to help Locke become the 
au i success Story of Maryiand. If, in each job, we apply dedicated determina- 
aaa | | Hon, willing cooperation, and skilled experience, | feel certain that we will 
ven in | make ithappen. Such confidence can be greatly strengthened by the 

|| support and understanding of the members of our respective families. | 
| Thank you for coming to visit with us.” E funda- i ; uf | 

-tribu- | 

[ss1on I --Gus Isobe, President 
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FOR YOUR INFORMATION: Do you know that... 
..LOcke Insulators provides, as the following Paragraphs detail, a flow 

of m ‘iMlions of dollars into the ec nomy of greater Baltimore and the State 
of Maryland, heiping to create jobs for hundreds of other Marylanders. 

her equipment, lastyear Locke spentneariy one 
f natural gas. 

eee ae Ut get 

to runthe kilns ando 
million dollars ($968,840) fo 

the over 2,000 Locke products range from a list price of $3.00 to over 
$3,000 each. La 

..LOcke’s electrical billfor 1987 was over a half million dollars ($575,302). 

we used /5,954,164 gallons of water last year costing over $26,000. 

Locke's 1987 and projected 1988 tax bills from the City of Baltimore and 
Slate of Maryland will total over $344,000. 

..Locke ships its products to all 50 ofthe United States, plus Puerto Rico, 
and, through the cooperation of NGK, to over 11 countries. 

the total 1987 anc id projected 1988 pay yroll for Locke empioyees will be 
about $23,745, 000. “ex 

ine Locke facility is under neaey eU acres of 1235 Sep yarate n najor roots; 
ntire area would ca Ost an estimated $5 to 6 million. tn roof 
one, Locke spends $300 to $350: thousand eacn year. 
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Nie of Locke’s tunnel kilns are about 400 feet long with firing tempera- 
tures as high as 2300 degrees Fahrenheit. — 

_ dhe grand total figure for 1987 and projected 1988 salaries, wages, and 
benetits paid by | Locke will amount to near ly $32,000,000, 

i SF BESS LT | ocke Insulators, Balti imore, Maryland, USA oa 
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Bal.timore, Maryland 
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ee en Lod, Moy 

Schenectady, 

| evewitiy. is a copy of ibe: above A.I. k.#. Peper | 
which is te be presented at the Pacific General Meeting 
at San. Francisco, Calif., August 23-26, 1949. I esssume. 
that. you will oe interested in thie subject and may: eC 
te Perea: for Er erer ethan. of discussion. 

ALL discussions must be een norad ‘shrpuet the 
re ular pannel a before being submitted in triplicate — 
to A.1.E.E, Headquarter. It will be advisable to _ 
prepare an acditional copy to be handed to the repre- 
sentative of ELECTRICAL WORLD who will be in attendance 
at the eee: | 

By copy Y. this letter to the individuals listed a 
below I am asking thet they also endeavor to arrange for 
preparation of discussion, | 

F, P. CALLAHAN 
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July 1949 
/. Litho in USA 

MAGNETIC HEATING OF TRANSMISSION LINE CLAMPS 

E. | V. L. Crabb | 

a a Member AIEE - Both of: 
4 4 | The Ohio Brass Company 

a | = de M. Sheadel Barberton, Ohio 

Associate AIEE 

Advance Copy 
Not Released for Publication 

. .. All Rights Reserved by the 
American Institute cf Electrical Engineers 

33 West 39th Street, New York 18, N. Y. 

A paper recommended by the AIFE Committee on Transmission and Distribution 
and approved by the AIFE Technical Program Committee for presentation at — 
the AIEE Pacific General Meeting, San Francisco, Calif., August 23-26, 
1949. Manuscript submitted May 23, 1949; made available for printing June 

PRICE: 30¢ To Members 

60¢ To Nonmembers 
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| @ n-: 1952 
_ Litho in USA _ 

REAL POWER AND IMAGINARY POWER IN ALTERNATING CURRENT CIRCUITS 

ae 7 C. F. Estwick 
Be. ree 7 Member AIEE 

| 43 Cambridge Place 

Brooklyn, N. Y. 

Advance Copy 
Not Released for Publication 

All Rights Reserved by the 

American Institute of Electrical Engineers 
33 West 39th Street, New York 18, N.Y. 

A paper recommended by the AIEE Committee on Transmission and Distribution 

ees and approved by the ATEE Committee on Technical Operations for presenta- 
| tion at the AIFE Winter General Meeting, New York, N. Y., January 19-23, 

1953. Manuscript submitted April 30, 1952; made available for printing 
December 3, 1952. | 

PRICE: 30¢ To Members (5¢ per copy additional if 
60¢ To Nonmembers first class mailing desired) 



MEASUREMENT OF EARTH RESISTANCES* 

A.B. OSLON 

Zlatoust 

(Received 28 August 1955) 

A three-electrode circuit is used to measure the resistances of an earthing 

System, these being: the earth electrode (earthing circuit), the current 

electrode and the potential electrode. All quantities referring to the 

earth electrode are denoted by the K, those referring to the current 

electrode by subscript 7 and those referring to the potential electrode 

by P. 

Current is passed through the earth and current electrodes. The potential 

of the circuit is measured via the potential electrode. The earth resis- 

tance equals the measured potential divided by the current passing. 

In Fig.1 the voltmeter and ammeter are instruments specially designed 

for measuring the resistances of earthing systems. 

It is usually assumed that the 

current and earth electrodes must be 

sufficiently far apart not to distort the 

field and that a sufficiently large zero 

potential zone remains between them. 

The potential electrode must be placed 

in the zero potential zone [1,2]. 

Let us assume that we already know 

Fig. 1. the earth resistance of the circuit R,. 

Is it then possible, having placed the 

current electrode at an arbitrary point, to so locate the potential elec- 

trode that the measured resistance is equal to Ry? If this is possible, 

how can we determine the ‘locus of precise measurements’ ? 

To answer this question we will use the analogy between an electrostatic 

field and the field due to a current in a conducting medium. 

* Elektrichestvo No.2, 56-58 (1957). [Reprint Order No. EL. 10] 



Impulse tests of turn insulation of an h.v. machine 105 

(5) The inter-turn voltages expected in travelling-wave tests can be 
calculated approximately from the machine Winding data. As a rule, the 
test voltages will be sufficiently high in machines with few (two to four) turns per section. 

REFERENCES 

1. V.A. Karasev and Z.G. Kaganov; Wave propagation in the windings of 
electrical machines. Elektrichestvo No.4 (1949), 

2. G.N. Petrov and A.I. Abramov; Inter-turn voltages in the windings 
of electrical machines during wave processes. Elektrichestvo 
No.7 (1954). 

3. A.A. Timofeenko; Set-up for testing the inter-turn insulation of 
electric motors. Elektricheskie Stantsii No.6 (1950). 

4. N.V. Smirnov; Checking and Testing Windings in Electric Machines and Apparatus. Gosenergoizdat, 1955. 
o. N.V. Smirnov; Testing the turn insulation of electric motor 

windings under service conditions. Elektrichestvo, No. 5 (1955). 
6. Deckans; Investigation of surges in H.V. motors. A.S.E. — Bull. 

No.35 (1953). 
7. G.G. Shvets and S. Gretskii; Experimental investigation of surges 

in the windings of electric machines. Electrical Insulation No.2 
(1938). 

8. R.C. Robinson; Distribution of impulse voltages in bar-wound high- & Speed turbogenerators. Proc.Instn.Elec. Engrs. No.77 (1953). 9. A.P. Aleksandrov et al. The Physics of Dielectrics. GT. T. Fe (1982): 



A METHOD OF DERIVING EQUATIONS FOR THE 
ELECTROMECHANICAL TRANSIENT IN ELECTRIC CIRCUITS * 

S.V. STRAKHOV 

(Received 5 Onna 1956) 

There are basically two methods of investigating the transient electromechanical © 
processes in electric circuits, viz: 

1. Physical modelling. 

2. Mathematical modelling, this comprising two sections, viz: 

(a) the section using physical analogs; 

(b) the section using digital computers (integrators) with continuous 
and discrete action. 

The method of physical modelling, comprehensively treated in papers of 
V.A. Venikov [1-3], M.P. Kostenko [4-6] and of other authors, consists in the 
replacement of large rotating electric machines and hydraulic turbines by simi- 
lar units of small ratings with due consideration to the laws of similitude. Trans- 
mission lines, tranformers, saturable reactors and static loads are replaced by 
assemblies of capacitances and inductances, networks with repeated members 
being used for transmission lines. In other words, in this case the physical 
character of the model and of the original are the same. 

Among the advantages of the method of physical modelling, where rotating 
machines are concerned, we should mention the possibility of considering eddy 
currents, saturation, hysteresis, the actual distribution of stator and rotor wind- 
ings in space, and of other factors. A drawback of this method is the difficulty 
of varying the parameters of individual machines, usually necessitating the 
availability of a number of inter-changeable rotors for them. It is, therefore, more 
convenient to use the method of mathematical modelling in cases where the para- 
meters of the machines must be variable; because this method can deal in a much 
more simple way with such variations. However, physical modelling will still be 
preferable in all cases in which the system of differential equations describing 
the process is very complicated. 

* Elektrichestvo No. 7, 5-10, 1957 [Reprint Order No. EL 39]. 
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THE INDUCTION LAW FOR AN KLECTROSTATIC MACHINE* 

A.A. BAL’CHITIS 

(Received 19 December 1956) 

Introduction 

The fundamental equations of the classical theory of electrodynamics, the first 
and second equations of Maxwell point to two possible methods of conversion of 
mechanical into, electrical energy. For example, by the first equation of Maxwellt 

aD 
curl H = y Bt (1) 

such a conversion is possible when an electric field changes with time, i.e. by 
mechanical action on the electric field it is possible to obtain the magnetic field 
connected with it in space. 

According to the second equation 

a OB fake i 2 curl F= Fy (2) 

it is possible to obtain an electric field by changing the magnetic field associated 
with it. | 

The second equation of Maxwell was the generalized form of Faraday’s ex-_ 
perimental law of electromagnetic induction, viz. 

E=B lv, (3) 

which was discovered in 1831 and forms the basis of the design of a large variety 
of electric machines, covered by the general term “electromagnetic machines”. 

Machines working on the principle of a mechanical change of an electric 
field (Maxwell’s first equation) are not nearly so widely used; they are known as 
electrostatic machines. These machines are used for obtaining high and very high 
voltages for research purposes. 

For a long time electrostatic machines did not find practical uses. The suc- 

* Flektrichestvo No.7, 11 — 14, 1957 [Reprint Order No.EL33]. 

' All equations are given in terms of the absolute practical rationalized system of units. 
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WIND PRESSURE ON OVERHEAD TRANSMISSION LINE 
CONDUCTORS * 

V.V. BURGSDORF 

(Received 9 January 1957) 

The correct assessment of wind pressure on conductors is of great importance 
in the design of transmission lines. This applies particularly to double-circuit 
lines and lines equipped with release clamps and safety (swivelling or collap- 
sible) cross-arms, since in these cases there is an upper limit imposed for the 
maximum permissible wind loading. In designing large installations, it is neces- 
sary to know accurately the aerodynamic characteristics of conductors and the 
distribution of wind pressure. 

As is well known, strong winds are always of turbulent nature and consist 
of fast-and slow-moving air masses. In other words, the wind velocity is never 
uniform along the front of a gust. The total load on a long object is therefore 
determined not by the maximum, but by some mean value, of the wind velocity. 
For spans longer than 200 m this lack of uniformity may be of considerable 
importance. 

The first experimental investigations to ascertain the extent of the non- 
uniformity in the distribution of the wind velocities affecting the total load on 
conductors date back over 25 years [1] and [2]. These tests showed that for 

wind speeds up to 20 m/sec. this non-uniformity can be neglected for spans 
up to 100 m. long, but that it becomes sufficiently noticeable on spans about 
200 m. long. 

Later investigations carried out in Sweden in 1939 revealed a possibility 

of reducing the design value of wind load because of the finding that the wind 

pressure becomes less uniform with velocity [3]. Similar experiments were also 

carried out in other countries: France in 1951 [4] and [5], Australia in 1949 

[6]; Belgium in 1952 [7]. Recently investigations were made in West Germany 
[8] and in the U.S.S.R. where eight experimental stations were erected with 

span lengths from 220 to 350 m. 

The reduction co-efficient considering the non-uniform distribution of the 

pressure along the span was introduced in the Soviet Regulations for Trans- 

* Elektrichestvo No.5, 47-52, 1957 [Reprint Order No. EL 23}. 

56 



CORONA LOSSES ON LIVE TRANSMISSION LINES * 

V.D. KRAVCHENKO, V.I. LEVITOV and V.I. POPKOV 

(Received 7 February 1957) 

The corona loss on an energized transmission line constitutes only a small fraction 

of the transmitted energy and is commensurable with or sometimes even smaller than 

the heat loss. Therefore, it is practically impossible to determine this loss by 

separating the current component which corresponds to the corona loss from the total 

line current as measured by conventional methods. 

The corona loss is due to the cross currents, that is, the currents that flow be- 

tween the conductors and between the conductors and earth. If it were possible to 

measure quantities which are proportional to these currents, or to their corresponding 

charges this would be the best solution of the problem of measuring the corona 

losses on energized lines. 

Fig. 1 shows an arrangement consisting of a single phase-conductor, 1, and an 

aerial, 2, which is earthed through a measuring element 4 connected to the middle of 

the aerial. 

The e.m.f. induced electromagnetically in anaerial isolated from earth is so dis- 

tributed that it is zero at the middle of the aerial [1]. Therefore, if this point is 

earthed through a measuring element Z, no current can flow in the element owing to 

the magnetic field of the line. The current which flows in the element is determined 

only by the electrostatic coupling between the line and the aerial. 

The minimum height at which conductors are suspended on conventional lines 

is 7—8m. At this height the space charge in the region G (Fig. 1) is distributed 

practically symmetrically with respect to the conductor axis, i.e. the space charge 

density depends only on the distance from the axis of the conductor of the element 

of charge considered. Consequently, the integrated electrostatic effect of the space 

charge on the aerial is the same as that of a linear charge of equal magnitude placed 

at the axis of the conductor. 

For sufficiently small values of the impedance Z the relation between the charge 

on the aerial and the total charge of the conductor is given by: 

0109, Xoo == 0 (1) 

* Elektrichestvo No. 7, 31 — 34, 1957 | Reprint Order No. EL 35]. 
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THE NOMOGRAM FOR DETERMINING PROTECTIVE 
ZONES OF LIGHTNING CONDUCTORS * 

L.M. LOPSHITS 

(Received 24 April 1956) | ‘ 

This nomogram supersedes an earlier one (Elektrichestvo, No. 10, 1947) and is deemed 
necessary because of the distinction made in the latest instruction book on overvoltage 
protection of electrical installations for 3 - 220 kV (Gosenergoizdat, 1954) between the 
formulae for lightning conductors up to and above 30 m. 

The nomogram is constructed for single and double lightning conductors up to 150 m 
using an emphirical formula based on laboratory test results and on the assumption that 
orientation of the lightning stroke onto the lightning conductor takes place at the height of 
H = 600 m (for an open country). 

The use of the nomogram is explained with three examples. 

That part of the latest Code of Practice on protection against overvoltages [ 1] 
which deals with protection against direct lightning strokes is based on laboratory 
investigations carried out at the V.I. Lenin All Union Electro-technical Institute, 
and differs from the earlier edition of the Code [3] in that in it a distinction has 
been introduced between the formulae for rod lightning conductors up to 30 m high 
and above 30 m high. Thus, the earlier nomogram for determining protective zones, 
constructed for lightning conductors up to 60 m has become obsolete and now may 
be used only for lightning conductors up to 30 m. 

Figs. 1 and 2 give curves constructed from the data included in [2] which des- 
cribe protective zones of single and double lightning conductors respectively. The 
geometrical sense of the parameters of the protective zone a, h, ha, Ix, bx, and rn, 
is clear from Fig. 4; by H is denoted the height at which orientation of the light- 
ning channel onto the lightning conductor takes place for open country. 

For taller lightning conductors, h > 30 m, H was taken as 600 m, and for 
shorter lightning conductors, A < 30 m, the constant ratio of H/h = 600/30 = 20 was 
taken. It should be mentioned here that the Code of Practice does not set definite 
limits within which its recommendations are valid but merely states that the value 
of H= 600 m can be used for “very tall lightning conductors”. 

The curves given in Figs. | and 2 can be applied in these cases when the 
height of the lightning conductor does not exceed 150 m (H/h = 4), which corres- 

* Elektrichestvo No. 7, 76 — 78, 1957 [ Reprint Order No. EL 39]. 
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ARCING SHORT-CIRCUITS ON 400 kV TRANSMISSION 

LINES AND METHODS OF DEALING WITH THEM* 

A.S. MAIKOPAR and N.N. BELIAKOV 

Central Scientific and Research Electrotechnical Laboratory, 

Moscow Electric Station 

(Received 19 September 1957) 

On 400 kV transmission lines with a solidly earthed neutral, we have to expect 

mainly single-phase short-circuits to earth. As opposed to the lines with lower 

voltages, the restoring of the electric strength of the path of the arc after switch- 

ing off the phase becomes more difficult on 400 kV lines because of appreciable 

influence of the current at the point of damage caused by capacitive and electro- 

magnetic connections between the disconnected phase and the working phases. 

The supply current which will flow at the point of the fault, after automatically 

switching off the faulty section of the line, will sustain the electric arc for a cer- 

tain time. The next reclosing can be done only after the extinction of the arc and 

restoration of the electric strength. This circumstance not only defines the plac- 

ing of protective relays but also exerts an influence on the total lay-out of switch- 

gear on the 400 kV lines. In particular, the problem of connecting shunting reac- 

tors directly to the line or through the circuit-breakers is strictly connected with 

the extinguishing of the sustained current arc. Several works are known dealing 

with research on the sustained current arcs [1-5]. Nevertheless, they do not give 

a clear idea of the range of sustained currents, for which it is possible to use 

single-phase automatic reclosing. As a result of these works, it is assumed that 

the extinguishing of the sustained current arc is possible for the currents of the 

order of 12-15A. 

Research into powerful open arcs, carried out by the C.S.R.E.L., has shown 

that an electric arc is capable of self-extinction even for currents of a few hun- 

dred ampres, if the conditions exist for a substantial increase of its length [6]. 

On this basis the investigations of the sustained current conditions were under- 

taken. Experiments on a 6 kV model have shown that the extinction of the sus- 

tained current arc for gradients of 5-15 kV/m occurs for currents up to 76-100 A, 

and experiments on a 220 kV grid 750 km long have shown the possibility of 

* Electrichestvo No.l, 19-25, 1958 [Reprint Order No. EL 43]. 
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High density polyethylene conduit 
for 69-kv cable is currently being 
jet-embedded 8-ft below the bottom 
surface of Beach Thorofare water- 
way at Atlantic City Electric Co. A 
novel “hydro-jet” method of em- 
bedding the conduit is being em- 
ployed for the job by the job-con- 
tractor, Harmstorf Corp, Larch- 
mont, NY. 

The project involves a distance 
of 750-ft at the point of waterway 
crossing. Four, 4-in. I.D. high 
density polyethylene conduits (0.45- 
in. wall thickness) have been jet- 
laid to date. Sixteen of them will 
eventually be installed in four 
separate cuts. 

In contrast to conventional meth- 
ods used in laying underwater con- 
ductor conduit or cable, the hydro- 
jet method does not require removal 

of soil with a dredge and its sub- 
sequent replacement, is not subject 
to “filling-in” (as in a dredged- 
trench) before the conduit or cable 

is laid: and, the method does not 

rely on the skill and physical 
stamina of divers. Furthermore, 

and of significance is the basic ad- 
vantage of being able to efficiently 
and economically embed ~conduit 
under the river bottom. 

The use of “buried” plastic con- 
duits to house the cable permits the 
use of more flexible, less expensive 
unarmored cable. Also, spare con- 
duits can be buried at the time of 
installation, so that additional cables 

Reprinted from December 16, 1963 Issue of ELECTRICAL WORLD 

can be pulled through the spare con- 
duits at a later date when service is 
expanded. Idle investment in spare 
conduits is low. Removal of cable 
for repair or replacement is simple. 

Cable embedding begins with the 
“hydro-jetter’” equipment positioned 
just outside the “near-shore” sheet 
piling; with winch-control lines 
rigged from both the near and far 
shore; and, with the four-conduit 
lines threaded from its source coil 
around the outboard side of the tug 
and down through the injector hous- 
ing and conduit guide section. 

The essential part of equipment 
required for hydro-jetting is the in- 
jector. It includes a high-pressure 
water section and a conduit guide 
section. At the leading narrow edge 
of the injector, in the direction of 
travel, and at its bottom, water jets 

are provided. | 
As the injection jets are pres- 

surized to about 170 psi, a narrow 
cut of controllable depth is made 
into the bottom of the body of water 
and the conduit is simultaneously 
laid along the bottom of the cut— 
the winch lines from the far shore 
move the “hydro-jetter” along its 
Jaying route. 

This bottom “trench” is produced 
primarily by the action of high- 
power water jets. The soil loosened 
by the jets, temporarily in suspen- 
sion in the surrounding water, set- 
tles rapidly and immediately starts 
to embed the conduit laid along the 

HYDRO-JETTER UNIT: 1-water-pressure 

hose; 2-injector; 3-plastic conduit to be 

embedded in river bottom; 4-winch 

line; 5-free-running conduit coils 

© Copyright 1963, McGraw-Hill Publishing Co., Inc. 

All Rights Reserved 



Fundamental Aspects of Some Switching 

Overvoltages on Power Systems 

J. ZABORSZKY 
FELLOW AIEE 

Summary: System overvoltages caused by 
switching are of interest in insulation co- 
ordination problems. This paper treats 
such overvoltages in a graphical fashion, so 

that a visual concept of overvoltage versus 
time is provided in both single- and 3-phase 
cases involving resistive loads, inductive 
loads, and capacitive loads. As _ special 
cases, attention is given to a neutral inver- 

sion problem and to a case of coupled cir- 
cuits. 

HE INCREASING complexity of 

power systems has. created difficulty in 

analyzing specific cases of trouble which 

seem to stem from system overvoltages. 

It is believed that some of this difficulty 

can be minimized if one has a thorough 

grasp of the causes of overvoltages. 

It is the purpose of this paper to demon- 

strate and review a few of the funda- 

mental conditions that can cause over- 

voltages. In particular, overvoltages aris- 

ing from switching operations will be dis- 
cussed. 

J. W. RITTENHOUSE 
FELLOW AIEE 

It is believed that the graphical ap- 

proach that is followed provides an easy 

means of conducting a review in pro- 

viding a good physical concept of the 

basic causes of many kinds of -overvolt- 
age phenomena. 

Restrikes in a Single-Phase 
Resistive Circuit 

A single-phase radially fed pure resis- 

tive load is shown in Fig. 1. The line it- 

self is assumed to be purely resistive, and 

while this is admittedly not a practical 
combination, it is included here as an 

introduction to practical but more com- 
plicated situations which will be dealt 
with later. 

Current is interrupted at time é, } prior 

to that there is a voltage drop, with a 
peak value of AE, on the line. 
the resistive circuit shown, is exactly in 
phase with the current, J, which in turn 
is exactly in phase with the source volt. 

Fig. 1. Circuit, voltages, and 
current considered in the 

single-phase resistive 'restrike 

and energizing cases (left) 

Fig. 2. Circuit and voltages 
considered in 

resistive restrike and energizing 

cases (right) 

This, for. 

the 3-phase- 

age /,. Following current interruption 

at 4, the voltage /, remains zero, while 

the source end of the switch follows the 
source voltage E,=F,. 

The difference between the £, and Ey, 

curves, H,—E,, is the recovery voltage 
which is being built up across the gap of 
the switch. 

If at some time after #, the recovery 

voltage exceeds the dielectric strength be- 

tween the switch contacts, a restrike 

will occur. The potentially most danger- 

ous time for this is 4 when the peak re- 

covery voltage is reached. Nothing un- 

pleasant happens, however, in this purely 

resistive circuit. The current is re-estab- 

lished, and it instantaneously assumes the 

value it would have had at the instant of 
_ restrike if there had been no interruption. 

The voltages of the terminals a and A 

instantaneously shift to satisfy the condi- 

tion H,=E, which would have existed 

with the load connected and if no inter- 

ruption had occurred. 

Restrikes in a 3-Phase Resistive 

Circuit 

Conditions for the 3-phase purely re- 
sistive circuits are shown in Fig. 2. The 
line resistances have been omitted in this 

illustration to keep it as uncluttered as 
possible. 

Current (not shown) in phase A is 

interrupted at time ¢,. From here on 

Ea=n, and since ” now is simply the 

midpoint of a voltage divider between 

points b and c, also E,=(E,+£,)/2. 
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A HYPOTHESIS CONCERNING 
srr ES 

PHENOMENA AND TRANSMISSION. LINE FLASHOVER LIGHTNIN 
ATT AINE ES 

I. B. Johnson | A. J. Schultz 

Unpredicted lightning outage rates on high voltage transmission lines have occur~- 

red over the years. More recently this fact has been emphasized by operating experience 

with new twin circuit high voltage transmission lines using one ground wire. Present 

tl methods of predicting lightning performance fall short of the experience records, The 

: inadequacies of the current methods of prediction result in a lack of confidence of a 

| certain degree in the evaluation of various designs of transmission Lines and tower 

structures. 

One method of calculating line performance is presented in an A.I.h.E. Committee 

Report .+ Broadly the method of calculation from a circuit viewpoint is based on three 

areas of consideration: 

1. Insulation strength of the insulator.string. 

2. Characteristics of lightning surges to transmission lines ~ magnitude, rate-of- 

rise and duration of surge current. 

er ‘Sur ge response of the transmission Line to lightning strokes — footing resistance, 

“tower inductance, coupling factor, effect of ground wires, etc. 

“A eritical review of the foregoing should reveal whether or not all of the factors have 

: been realistically evaluated. If so, the A.1,E,E. method, perhaps, need only be modified 

. i to extend its validity_and usefulness. = | aed 

A current study is in progress to investigate the areas of insulation strength, 

: surge response of the transmission line, and the severity of the lightning surges Likely 

to be experienced on transmission lines. The results of the studies on insulation strepeth 

and surge response of transmission lines and towers are reported in companion papers .<" 

he results of these studies have not produced sufficient modifying effects in the caleu- 

lations to account for the unexplainable outage rates. 

x -- On the questions concerning the characteristics of lightning, there is somo spec- 

) ulation pertaining to the magnitude and wave shapes of lightning surges occurring on 

transmission lines, Specifically, there are questions on the direct applicability of 

the data obtained on relatively tall structures, such as buildings and radio towers, to 

transmission lines and on the differences among the data obtained on various tall struc- 

tures. It is the purpose of this paper to review these data from tall structures and to 

present a possible correlation of these data te the end that they may be more suitably 

applied to transmission line structures, resulting in a more accurate prediction of the 

lightning performance of high voltage transmission lines. 

DATA ON MAGNITUDES OF STROKE CURRENTS 

The methods of predicting line outages from lightning mentioned in the Introduction 
necessarily depend on a statistical knowledge of the severity of lightning strokes. This 

is generally expressed as a percentage distribution curve of the crest magnitudes of the 

eurrents measured in lightning strokes. A number of these percentage-distribution curves 

as obtained by different observers in different locations is shown in Figure 1. Curve A 

of Figure l was obtained from 30 magnetic Link measurements of strokes to lightning rods 

mounted on top of towers and from 80 stroke measurements on overhead ground Wires! 
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ANALYTICAL STUDIES @N LIGHTNING PHENOMENA INVOLVING 
TOWERS, INSULATOR STRINGS, TRANSMISSION LINES 

I. B, Johnson A. J. Schultz 

Member AIEE | Member ALEE: 

INTRODUCTION: 

Certain high voltage transmission lines have experienced line flashovers from light - 
ning at a rate in excess of that anticipated for these lines by conventional methods of 

calculation,+ Particularly has this been true for double-circuit lines using one ground 
wire.<~2? Since these lines have very low footing resistances, it has been necessary to 
examine other factors which may be of significance and which heretofore have not been > 
realistically appraised, One of these factors is the surge response of the tower and the 
nature of the lightning ea aerate red in the tower impedance to produce sufficient 
voltage to cause flashover,'’~?~? 

To assist in analyzing the foregoing factors, a series of tests were made using 
models of a transmission tower and its associated conductors. The design of the model 

tower was based on calculations and haat verification by field studies on the surge 
characteristics of transmission towers, af This paper describes the design and construc- 

tion of the model, the nature of the data obtained and the results that followed from 
these studies, 

MODEL TOWER 

The model tower is a miniature representation of an actual tower having a height of 
170 feet. The miniature tower was arbitrarily assigned a height of 6 feet. This estab- 
lishes a physical ratio of 170:6 or 28:1 between the actual system and the model, All 
physical dimensions of the tower and its associated conductors and ground wires must be 
represented in the model, therefore, by dimensions that are one-twenty-eighth of the same 
dimensions in the actual system, , 

: The fundamental electrical constants which determine the surge response of any 
conductor are inductance and capacitance. Since: 

Inductance per unit length, L=~ln on 

‘a 

in ae 
r 

Capacitance per unit length, 0 

it can be seen that the inductance and capacitance for one foot of the model system will 
be equal to that of one foot of the actual system if the height and radius are reduced by 
the same ratio, Since the inductance and capacitance per unit length of the model system 

are identical with the inductance and capacitance per unit length of the actual system, 
the velocity of surge propagation is the same for the model as for the actual system, But 
since the distances involved in the model system are only one-twenty—eighth as long as 

the corresponding distances in the actual system, the times of travel on the model are 
one-twenty-eighth of those on the actual system, The round trip travel time of a surge on 

the actual tower, at the speed of light, is on the order of a third of a microsecond, The 
corresponding time on the model system would be, therefore, on the order of 10 milli- 
microseconds, With such a short time scale, the production of a surge with a sufficiently 
high rate of rise and the measurement of the phenomenon occurring on the model system 
becomes extremely difficult. This difficulty can be overcome by making a time base change, 
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AMERICAN GAS AND ELECTRIC FLASHOVER PROBLEM 

Minutes of Meeting — August 18, 1955 — Schenectady, New York 

. D. Breuer, General Electric Company, Schenectady ~ 
Concordia, General Electric Company, Schenectady 

» M. Foust, General Electric Company, Schenectady 
» H. Hagenguth, General Electric Company, Pittsfield 

B, Johnson, General Electric Company, Schenectady 

S. Price, American Gas and Electric Service Corporation 
» ochlomann, American Gas and Electric Service Corporation 
. Jd. ochultz, General Electric Company, Schenectady 
» A. Woodrow, General Electric Company, Schenectady 

Present: 

Otm Dh SH a, 22H 

1. Field and Analyzer Studies 

Demonstrations were made of models developed so far as possible aids in 
the solution of the problem being considered. [Field flux plotting results of 
a transmission tower and of a vertical wire were discussed also insofar as 
the surge impedance characteristics of the tower might prove to be a predom— 

inantly important factor. | 

A description was given of the field studies made on and at tower 268 of 
the Muskingum—-East Lima 330 kv transmission line near Columbus, Ohio. Oscil- 

lographic records were made of the surge response characteristics of tower 268 
with and without the ground wire connected, and of the effect of adjacent 
towers. Similarly results were obtained for an artificial tower and for a 
vertical wire both erected 200 ft. away from tower.268. In addition some ca- 
pacitance measurements were made of the artificial tower and of the vertical 
wire. A memorandum giving the essence of the results of the field study is 
attached. To those present at the meeting it is to be mentioned that the 
memorandum modifies the data given at the time of the meeting.» 

2. Voltage-Time Flashover Recorder 

Mr. Foust described refinements in the design of the recorder. Following 
discussions on the voltages that would actuate the recorder in relation to the 
voltages that would be acting on the insulator string to cause flashover, it 
was agreed that it would be desirable to calibrate the recorder both with a 

structural assembly and with surge currents simulating actual conditions as 
close as possible. It was agreed that the recorder be constructed with four 
R-C elements to record and cover anticipated surge voltage fronts ranging from 
O.1 microsecond to 5 microseconds. 

Mr. Foust agreed to: . 

(a) Complete design of the Double Polarity Recorder. 

(b) Manufacture a production sample for tests. 

(c) Get cost extimates on manufacture of 400 recorders for 80 

stations. 

(ad) Make laboratory calibrations of four element recorder without 

voltage divider. 
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Evaluation of New Tower Designs May Reveal .. . 

Why EHV Lines Show Excess Outages 
TRANSMISSION 

Design 

Lightning causes flashovers considerably in excess of the rate 
predicted from design data. Investigation reveals: 

® Burns on both upper and lower surfaces of suspension insula- 
tors removed from lines after flashover. 

© Steep-front pulses in laboratory create similar markings. 

® Test waves flash insulator strings shunted by tower leg. 

DR CHARLES J. MILLER, JR, Research Engineer, The Ohio Brass 
Co, Barberton, Ohio 

_ Two power companies have experienced outages caused 
by lightning on extra-high-voltage tower lines far in excess 
of the rate predicted by usual methods. Studies seeking 
a satisfactory explanation are now underway. 
Many of the outages resulted from flashovers of the top 

or the middle-phase insulator strings on towers with very 
low footing resistance. Examination of these insulators 
reveals glaze burns produced by lightning which indicate 
that the flashover paths hug both the upper and lower 
surfaces of each unit in the string. This characteristic 
suggests that the lightning voltage pulses which produce 
these glaze burns have very steep fronts. 

Furthermore, glaze burns from the resulting power arc 
are generally found on both upper and lower surfaces 
of nearly every unit in the string. In a number of cases 

74 

investigated, marks on the tower tops indicate where they 
were hit by lightning strokes. 

Laboratory investigations show that when a steep front 

voltage pulse from a 3-million-v impulse generator is. 

applied to a 22.5-ft section of 6-in. angle-iron tower leg, 

enough potential is produced to flash over a 3-unit string © 

of suspension insulators connected in parallel with it. 

Glaze burns from these tests are very similar to those 

produced by natural lightning. 

Photographic studies of flashovers produced in the 

laboratory with very steep front voltage pulses on various. 

length insulator strings indicate strings could flash over 

in a fraction of a microsecond when subjected to suit- 

ably steep voltage pulses. 
By use of traveling wave theory, it can be shown that 

when a lightning stroke hits the top of a tower, voltage 

at that point rises rapidly until reflected waves of opposite 

polarity return from the tower base and alleviate the 

September 5, 1955 @ ELECTRICAL WORLD 
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reviewed with some care the Baga "Ppinciples for the Cal- 

nm of the Lightning Performance of a Transa@ission Line for 

t Lightning Stroke to the Line" by Ragnar wndholma, copies 

f which you sent to several engineers on May ©. of this year, 

ould Like te : summarize and comment on it as follows. 

> iP APD Oe a go § WAG & ; 
tae? Nee? Gedo He; 

The paper describes a method for calculation of the vo 

across ab insulator string on a conventional steel tra 

tower as a function of the lightning stroke current m 

steepness of front It also includes calculations for several 

eases in which the “Ligh itaing stroke aaevaat was 50,000 amperes, 

the front time varying from 6 to 1 microsecond. These < calculations 

are referred to a typical American Gas and Electr > 330kv trange 

mission tower. 

™ 

tag 
nsmisesion Line 

pa 

an 
menitude anc 

eae eb 
The method of calculations assumes that the stroke starts a 

tower top and comprises the following steps: 

‘ PRs coy wh yt Mh © in _ of & An the Ef age % 3 . od Bisse apy reid = 

L. Betermination Or the iivision of stroke current 

1.4 and 2 7% ms ar i . » Be shia 

lishment of a loop path including the insulator 
a ep 

=p tae *, & om ss, Ms q whe i) 79, : 

ne for determination of induced voltage. 

3. Petermination of the voltage across each eleme 

the new path inducea by stroke curren 

hae 

c t, tower c 

ground wire ers amd their ground reflections. 

in this determination, it was recognized that immediately 

after the Sicéption of current, current would flow in 

only a small leagth of each conducting path immediately 

adjacent to the point of inception ef the stroke, this 

length imereasing as the wave travelled away from point 

of inception along the \ various paths. 



PRINCIPLES FOR THE CALCULATION 
OF THE LIGHTNING PERFORMANCE OF A TRANSMISSION LINE 

FOR A DIRECT LIGHTNING STROKE To THR LINE 

BY: RAGNAR LUNDHOLM 

‘J Introduction 

In the older theories for the Spnenriatidian Of the Basgntning performance of a given type of line construction (the — | theory of Torok and Ellis- ~1933, 

| a | author-1944) one 

| tower top or 

of Jordan-1934, and of the 
i8 concerned chiefly with the voltage at the 

with the potential difference between the tower SRY top and the phase conductors. In the calculations the tower ig 
regarded either ag ®, concentrated inductance Or a8 a surge - POM) impedance. Some years &go the author began to Suspect that 
these theories, including his own, are in some respects 
insufficient and he published in a CIGRE Report, #305, 1952, a 
very brief outline of a new theory. This new method has since 

fp been developed further and will be described below after the 
gs somal for rejecting the older methods have been presented. 

The physica] definition of 

the electric potential difference 

V between two points A and B is} 

Va 7 Va ~: a as 

A 
Where Eg is the electric field 

component along the path of integration. 
static field V is 

Fig. 0-1 

In a pure electro- — 
*ndependent of the path of integration and 



Me. I. B. Johnson 
November 26, 1956 
Page & 
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‘&, Summation of all the voltages determined under (3) 
, to give the total voltage generated around the loop. 

Since the loop was selected in such a way that no 
yoltage could exist along any element of it except 
the insulator string, all of this voltage would 
appear across the insulator string. 

There is one point with regard tothe final step which is not made clear 
im the report and that is the question whether the summation is made all 

at the same time or whether some allowance is made for the time required 
for voltage generated in a relatively remote part of the loop to appear 
across the insulator string. Consider, for example, the voltage produced 
across the bottom ten feet of the tower as it is traversed by the surge 
of current flowing down the tower. If the voltages around the loop are 
summed just as the surge reaches the ground, this voltage will be 
jncluded in the sum; yet it is difficuit to see how this voltage could 
atfiect the voltage across the insulator string before a time enough — 
later to allow its influenes to reach there when traveling at the speed 
of light - approximately one tower transit time later. Gn this basis, 
summation on.a simultaneous basis appears to be wrong but it is mot 

 @lear from anything I have yet besn able to find in the report that 
any other procedure has been followed. Im fact, the statement on 
page 64 to the effect that “image currents will affect the -oitage 
-across the string before the string becomes enveloped in the sphere 
of influence from the image tower top" appears to indicate that simul- 
taneous summation has been used. Wo very careful study has been made 
of the effect of any correction which might be required on this account, 
but it would appear that the voltage im the second tenth of a micro- 
second would be decreased and that in the third tenth possibly increased, 
resulting in more nearly a straight line or concave wave shape instead 
of the convex curve arrived at by the author . . 

There are three other items which may infiuence the result in some 
cegree, These are: 

L. The surge impedance of the stroke path is assumed to be 
so high that the stroke current is negligibly modified 
by any voltages appearing at the tower top. 

2. The ground at the base of the tower is assumed to be 
infinitely conduct ing . 

3. The author states that no attempt has been made to include 
the voltages generated by displacement currents. 
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THE BRITISH ELECTRICAL AND ALLIED INDUSTRIES RESEARCH ASSOCIATION 

LIGHTNING FLASH COUNTER. 

The frequency of occurrence of lightning flashes to earth consti- 

tutes one of the main features of the lightning discharge on which more 

factual information is required by electrical supply engineers, physicists 

and meteorologists. An instrument capable of providing the necessary in- 

formation must not only be technically sound but must also be simple and 

inexpensive so as to facilitate its world-wide distribution. 

Following a suggestion by br £.T. Pierce of the Cavendish Laboratory, 

Cambridge, England, a lightning flash counter has been designed capable of 

recording lightning flashes to earth within a racivs of about 40 kilometres 

(25 miles). The device, as illustrated, is operated by the electrostatic 

field change produced by the return stroke of a lightning flash to earth 

from a negatively charged cloud. It consists essentially of a cold-cathode 

yalve connected to an input circuit designed to avoid operation as the re- 

sult of slow field changes and of cloud discharges. An electromagnetic 

counter registers the operation of the device. 

The instrument .is fitted with two dry batteries of standard pattern 

and is thus independent of external electricity supply. A test button per- 

mits checking the operation. The counter is to be connected to an outside 

aerial, the dimensions of which will be specified in an instruction sheet to 

be issued with the instrument. 

The counter is designated for use in the tropics. It is housed in a 

sheet steel case measuring 10 x 6 x 7 inches (25 x 15 x 17-5 om)» The total 

weight is 142 lb (64 kg). The cost of the device is £23 with a possible 

slight reduction for bulk orders. Orders for the instrument should be ad- 

dressed to - ; 

Messrs A. EE. Cawkell , 

Electronic Engineers, 
6-7 Victory Arcade, 

Southall , 
Middlesex, England. 

April, 1957. 
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ABSTRACTA Study of the structure of the lightning stroke and 

its equivalent electric circuit is given. The magnitudes 

of the stroke capacitances to earth and to transmission 

lines are measured experimentally, and from these values 

stroke charges are computed. The nature of the surge cur 

rent components produced by 4 direct stroke to a ground 

wire of a 330 KV double circuit system is then deduced. 
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-|CONCLUSION 
1. If an upward corona streamer 10 feet or more in length 

exists from a ground wire, the conventional concepts 

of mid-span lightning stroke voltages and currents 

are not seriously altered by the effects of released 

 gharges on the wires near the stricken point. 

2. Measured capacitances to earth of a model lightning 

pilot streamer channel account roughly for observed 

currents and tail wave shapes of lightning currents, 

but certain axial voltage gradients and expansion of 

streamer diameters are required. 

3. Magnetically induced currents for mid-span strokes 

can be neglected. 

4. Various model system charge density measurements on 

lines, towers, and earth are included, as well as 

a theoretical area effect in transmission line protec- 

~%LON. 
1 
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trors Introduced 

Cables 

> to be done for each different wave- 

ie of applied surge. Also, it is not 

pletely reliable unless the variation 

account. 
U. S. DEPARTMENT OF COMMERCE ' f be 

Washington 25, D. C. 1 experimenta approac is mu 

LAICAVULCIMTMU TILUL Call IcaUully DE Sec Up. 

However, all cables have some attenua- 

tion and their surge impedance is never. 

the same for all frequencies.4%? In 

low-voltage impulse work (where very 
short cables can be used) such factors may 

be negligible under certain conditions, 

but for measuring high-voltage surges a 

fairly long cable (50 feet or longer) is 
usually required and possible errors 

caused by the cable should be con- 

sidered, especially for measuring steeply 

rising surges. The purpose of this paper 
is to discuss such errors and devise 

methods for measuring and minimizing 

them. ; 

Attenuation Errors 

Cable losses are caused by the resistance 

of the center conductor and outside sheath 

together with conductance and dielectric 

hysteresis in the insulating material be- 

tween conductors. Losses are usually 
expressed as an attenuation in decibels 

per 100 feet at a fixed frequency and in 

general the logarithm of attenuation in — 

decibels increases in direct proportion to 

the logarithm of the frequency. For 

any given surge it is theoretically possible 

to determine the change in peak value 

and waveform caused by cable attenua- 

tion by using the known values of attenua- 

tion at various frequencies and the Fourier 

integral procedure. However such a 

procedure is time consuming and would 

Paper 58-110, recommended by the AIEE Special 
Instruments and Auxiliary Apparatus Committee 

and approved by the AIEE Technical Operations 
Department for presentation at the AIEE Winter 
General Meeting, New York, N. Y., February 2-7, 
1958. Manuscript submitted October 9, 1957; 

made available for printing November 8, 1957. 

J. H. Park is with the U. S. Department of Com- 
merce, National Bureau of Standards, Washington, 

a a 

The author acknowledges the assistance of H. N. 
Cones and J. L. Mills of the National Bureau of 
Standards who performed the experimental work 
reported in this paper. 

1 to apply and probably more 

reuable. One method is to arrange the 

surge generating circuit so that the pulse 

to be measured, or one similar to it in 

shape and rate of rise, can be accurately 

repeated from shot to shot. (The peak 
value can be repeated by using a linearly 

rising voltage chopped with a sphere gap.) 
Oscillograph records are then taken with 

(1) a measuring cable of minimum length 

LL, (2) a cable twice this length 2L, and 

(3) a cable three times this length 3L. If 

the oscillograms obtained under these 

three conditions are appreciably different 

in waveshape or peak value, a cable hav- 

ing lower attenuation should be used or a 

correction for attenuation computed. 
Polyethylene coaxial cables are used to 

obtain low attenuation and attenuation 

can be reduced by using a cable of mini- 

mum length and one whose center conduc- 

tor is large. 

For surges which, in general, rise 

linearly and are chopped by the spark- 

over of a gap, a correction for the error 

in peak-voltage measurement due to cable 

attenuation can be determined. This is 

done by obtaining values of peak volt- 
age with the three different cable lengths, 

L, 2L, and 3LZ as indicated. The de- 

crease in peak voltage AV when the cable 

length is changed from L to 2L should 

be the same as that obtained when the 

cable length is changed from 2L to 3L, 

within the accuracy of the measurements. . 

The average of the two values of AV is 

added to the peak. voltage obtained with - 

nc 
“6 Calg tai 24 fal 

Fig. 1. Attenuation of G2 wre 
linearly rising chopped surges A cake by RG-58/U and RG-8/U : 

coaxial cables 
nm 

Errors Due t 

duel 
a cable of length L to correct for attenua- 

tion. 

This method of correcting for cable 

attenuation was used during an investiga- 

tion of the change in sparkover value of 

standard 12.5-cm (centimeter)-diameter 

spheres set 6 cm apart as the rate of rise 

of the applied voltage was increased. 

Values of AV were obtained for rates of 

voltage rise from 10 to 10,000 kv per usec 

(microsecond). They were computed as 

a percentage of total voltage and plotted 

against rise time (time to sparkover) as 

obtained by dividing peak voltage by 

rate of rise. Results are shown in Fig. 1 
for RG-58/U and RG-8/U coaxial cables. 

able Termination 

For most imp ise and surge work the 

CRO cable is terminated by a non- 

inductive resistor which is considered to 

be equal to its surge impedance in ohms 

and thus to produce no errors due to re- | 

flections. This assumption is not strictly 

justified, because the surge impedance of 

all cables varies with frequency and re- 

flections due to different types of surges 

cannot all be prevented by a terminating 

resistor of fixed value. The change in im- 

pedance with frequency is introduced by 
(1) the cable resistance and conductance 

which put a jw term in the impedance and 

can only be neglected over certain fre- 

quency ranges and (2) the change in cable 

inductance caused by nonuniform distri- 

bution of current in the sheath and center 
conductor as frequency is increased. 

This last factor is actually due to skin 

effect which also causes a change in 

resistance with frequency and further 

complicates factor 1. 

Thurston* gives a plot in arbitrary 

units showing the variation of character- 

istic impedance with frequency for 

nominal 50-ohm polyethylene cables. 

Below 100 kc the impedance is given as 
constant and equal to 55 ohms. From 

100 ke to 10 megacycles there is a gradual 
change from 55 to 50 ohms and it remains 

at 50 ohms for higher frequencies. ‘Thus 

if a 50-ohm terminating resistor is used 

with a a cable (as would normally be 

2D ES EN CE CS 
O.| 10 20 

PEAK KV-—> RATE OF eer in MICROSECONDS 



January 19, 1959 

Meo Ja &o Rawls, G LL 7 | 

Towers, Poles, and Conductors 
Subcommittee, AT : 

Virginia Electric and Power Co, 
Richmond 9, Virginia 

Dear Mr, Rawls: 

Attached herewith is a summary of the replies to 
the questionnaire on broken wire assumptions, which was 
issued in 1958 under the auspices of the Transmisgion and. 

Distribution Committees of the AIEE. 

A working group of the Towers, Poles, and Conductors 
Subcommittee developed the questionnaire, distributed it to 
63 utilities ox agencies operating lines of 60 kv or higher, 
and analyzed the replies. As is usual im instances where 

yo an questionnaires are utilized to obtain information, the comments 
| / Ts. wnich the various trangmission engineers supplied along with 
Ef the answers to the questionnaires are particularly interesting 

and informative. However, comments do not lend themselves to 
inclusion In summaries, and they are being tabulated in a far 
bulkier supplemental report in order that they may not be lost 
to the engineer interested in details. It is suggested that 
some means be found te place this bulkier information in the 
hands of transmission engineers concerned with the details of 
transmission design when the comments have all been tabulated. 

| _ The attached report summarizes the answers received 
to the questionnaire in fairly concise form, and is probably 
sultable for transmitting to our parent Transmission and 
Distribution Committee. In the event your Subcommittee finds 
it acceptable in its present form, enough copies have been 
provided to enable you to furnish this suemary to all the 
members of the committee, 

Very truly yours, 

y ee: 

E. L. KANOQUSE 
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Chart Finds Transmission Gradient Factor 

KARL W. SCHMIDT, Winnipeg, Manitoba 

Conductor surface gradient, which is dependent on this point with Pz: intersects the gradient factor scale. 

at least seven independent parameters, can be found This gradient factor multiplied by line voltage and 

with this nomogram. It can be valuable for gaining divided by 1,732 yields the maximum conductor sur-@ 

first information for such considerations in EHV work face gradient (first equation). The small sketch at the 

as electrostatic unbalance, corona loss and radio bottom of the opposite page shows the method. 

interference. Sas S 

The scales and curves of this chart have been derived ° e Bundled conductor. Proceed as above, but instead® 

from the generally known equation below tor F 4, of P, and Ps, use the projections on Li and Le drawng 

which is assumed to give the desired information with : ~ “ . s j 

- Meier 100 

sufficient accuracy. This equation, and so the nomo- from the grid points determined by the ratio d 

gram, is based on. the assumption of balanced charges the number of subconductors, n. Again, a sketch® 

and symmetrical bundle spacings not smaller than five shows the method. ? : 

conductor diameters. Sometimes the literature assumes that corona loss¥ 

The following apply: | is a function of either the average gradient factor org 

the arithmetic mean between average and maximumg 

d = conductor diameter , factors. If, then, instead of taking the projection on : 

H = line height em in equations; British units ; ; 

D = phase spacing in chart L». one enters the lower left erid with s (2 through 

$= epee aster Space 6) on line Le, the result is not the maximum but the§ 

n = number of subcondauctors 
. : 

ing fodine operating voltage, kv | average value of the gradient factor. 7 

F, = gradient factor, v(rms) per em per kv(rms) Examples given in the table are based on curves§ 

fae ones sah : 
. os | 

"G = Sata eet ke (rms) per cm Db, Adams” and Reichmann* computed by digital cous 

; oes, puter. These results check within 14%24% of those¥ 

pee obtained by the nomogram. 4 

1,732 : 

ss G for stranded conductor 
| Hand- § 

2 ~ G for smooth conductor of same diameter Adams 3 Reichmann Calculated § 

; ; Phase Center Center Outer Outer Center { 

fi Fos ee . Tv 

Pi? DOORS Ae I = log. AB) ; 

Me € : aI aoe d 1.5 1.0 1.1 0.6 1.246 

| where A= Qnrtlin(g dst1)7} In 
2 = ; 

iM when n = 1, 2 or 3 D 20 na BO 25 35 30 | 

_ 1.405 when n = 4, = | 

| & = 19 601 when n = 5 | H 60 4() 40 oO 60 | 

| 6.192 when n = 6 | 

| B = HD(4H? + D?)~!” for center phase n 1 2 5) 3 4 a 

ae 2 12 2 2\|-1/4 for ar phase 
B = HD{(4H? + D ) HI" -e D )] for each outer phase g pee ey 10 12 12 24 92 

| The procedure for finding the maximum gradient 1s 

| as follows: | F, 1.0 1.0 1.0 1.0 1.4 

e Single conductor. Enter the chart at the right with BE 380 340 460 302 500 

phase spacing, D, go across to height, H, then down G 771 16.65 16.65 16.65 20 22 

to edge L3. Draw a straight line from here to P,. ; sae a Genter peters 

| Draw a perpendicular to this line from the grid 

point, strand factor, Fo, NS conductor diameter, d, By Nomogram: 

5 ine Lg. (upper right grid) to scaleless line Ly. — 3 P, 90 99 614 90 69.5 

Read the result where a straight line connecting 3 . 

G 1 igen 16.29 16.31 16.26 20.06 | 

| Se ee SE 
: 

| eget ee mistaken for strani face as reremiy 07oree The nomogram makes it possible. to define an 

. y i -N. Stone. c ine to G- EB. ams’, e strand factor . ‘ : awe . 

| equals 1.4 it the pierre does not change the capacitance determine equivalent conductor diameters, not only 0, 

appreciably.” This assumption may not apply to bundled con- considering equality of corresponding gradients, bu 

ductors. If not, Fe could be determined by W. S. Peterson's | : 53 ; = 

formulas!, | also with respect to any other quantity. 

ecto ey May 14, 1962 @ ELECTRICAL WORLD. | 
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Details of the proposed 103-mile 

500-kv line linking systems of the 

Pacific Power & Light Co and Pa- 
cific Gas & Electric Co have now 
been disclosed. | 

Some 600. latticed-steel guyed 
H-frame structures 100 ft wide and 
120 ft high will be used in the $11- 
million line which will extend from 
Klamath Falls, Ore., to Round 

Mountain near Redding, Calif. GEW, 
Jan. 29, p 55). The average span 
is 900 ft. Each phase will consist 
of two ACSR Chuckar conductors 
of 1,780-MCM aluminum, 1.6 in. 
dia, spaced 18 in. horizontally. Out- 
side phases use suspension strings 
of 35 insulators. Center phase con- 
ductors are restrained by two V- 

takes into consideration the fact that 

much of the route is over mountain- 

ous and rolling country at 5,000-ft 
elevation with the maximum at 
5,800 it. 

The PG&E-designed structures, 
shown, will have longitudinal guys 
from the two 3-ft square legs to the 
ground. However, the structure is 
essentially stable without them, 
PG&E’s W. R. Johnson told Elec- 
trical World. Steels to be used are 
ASTM A-7 medium strength and 
high elastic with ultimate strength 
not less than 65,000 psi and yield 
strength mot less than 45,000. psi. 
Steel grillage footing will be used. 

Design has been coordinated with 
PP&L for uniformity. Each com- 

: é 

— Typical 500-Kv Suspension Structure _ 

pany will build half the line. When 
completed in 1963 it will be the 
first line built for commercial use 
at this voltage in the US. It will 
operate initially at 230 kv with 
230/500-kv substation _faciliites 
added later, when justified. 

strings of 35 units, as shown. 
The line will be designed and 

constructed for a maximum voltage 
of 550 kv. This is a 10% tolerance 

above the nominal 500 kv rather 
than the 5% currently used in the 
US. In addition the line design 

No design details have been fur- | 

nished on the similar 500-kv intertie : 

to Southern California Edison from ) 

-PG&E’s Round Mountain Substa- 

tion (EW, April 2, p 26). 

Industry to Present Exhibit at NY World’s Fair _ 

The nation’s investor-owned electric utilities’ exhibit 

at the 1964-65 New York World’s Fair will be housed 

in a newly designed “pavilion of light prisms,” accord- 

ing to Ernest R. Acker, chairman of the board of Cen- | 

tral Hudson Gas & Electric Corp and president of the 

corporation set up to administer the utilities’ participa- y 

tion in the fair. 
| 

“Vertically staggered triangular metal prisms will | 

rise to a height of 80 ft, forming an asymmetrical struc- | 

ture resembling a crystal palace of ever-changing light 

and color or a sort of Gothic ‘Cathedral of Light,’~ : 

Acker said. 7 

Three Pylons Crown Exhibit 

Crowning the pavilion will be three vertical pylons 

rising an additional 60 ft. The pylons will frame a 

vertical shaft of brilliant light and power rising from a | 

central core on the ground level of the structure. This | 

can be reviewed from a moving ramp carrying visitors | 

across a reflecting pool to the pavilion entrance. 

The interior walls of the vertical prisms are designed 

to serve directly as a background for the exhibit, be- : 

coming curtains of varicolored light. Visitors will be | 

carried through the exhibit chambers on an elevated ) 

revolving ring and will exit by a spiral ramp, leading 

them past the core of the tower of light. 

“With the prisms appearing to change color by day | 

and the extending effect of the tower of light high above ) 

the fair at night, the new pavilion will present a dramatic | 

picture,’ Acker commented. | 2 | PAVILION FOR NEW YORK FAIR (above) was designed by 

Robinson-Stern, who designed the industry’s Seattle exhibit 

58 May 14, 1962 ®@ ELECTRICAL WORLD 7 | 
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Time to go on a Statistical diet for 

Structural reliability 
Are your products overweight—yet unreliable as 

far as strength goes? If so, then you should 

design with statistical data in mind 

C. DICKS, Structural Specialist, S. WILSON, Project Engineer, General Electric Co, Daytona Beach, Fla 

i, Reese savings in weight and cost 

are possible by applying relia- 
bility techniques to structural design 
rather than to areas such as electron- 

ics. The problem, however, is that the 

structural designer, whether he is 
working on automobiles, missiles, air- 

craft, or home appliances, knows very 
little about statistical analysis—and the 
reliability expert knows very little 
about strength analysis. 

The classic approach in structural 
design is to determine working design 
stresses by multiplying the actual 
stresses by a safety factor. Then the 

- working design stresses are compared 
with the allowable strengths to obtain 

the margins of safety. 
- But when many structural compo- 
nents are involved and weight or ma- 
terial costs are important factors com- 
panies tend to take the final design, 

which includes the compounded safety 

L..FAILURES 

Structures Electromechanical 

USS Elee ronics 

Typical missile failure sources. Most 
failures occur in the electronics area. 
Structural failures are almost nonexist- 
ent—but in many cases structures are 
overweight. Missile program costs are 

factors, and arbitrarily reduce the 
final safety factor to obtain a more 
realistic design. They then build the 
assembly and subject it to dynamic 
testing, and when certain parts fail, 

as they sometimes do, they “beef up” 
portions of the design—a very costly 
and undesirable procedure. 

The new approach, just beginning 
to take hold, is to determine the “prob- 

ability of success” (the probability of 
failure is equal to one minus the prob- 
ability of success, so adding the two 
factors together gives a value of unity). 
This probability-of-success-factor can 
then obsolete the safety factor in many 
complex designs. 

The technique involves applying 
‘common statistical methods, such as 

the Monte Carlo method, to obtain a 

more realistic tie-in between loads, 
tolerances, and stresses. Because of the 

need for repetitive calculations, ‘it 1s 

2..COSTS 

- Electromechonical 
: Research 

¥ Propulsion 

high for structures because of the bulk 
of expensive materials and processes, 
so the slight increase in design cost by 
going to a structural reliability program 

is easily absorbed by the resulting sav- 

_ PRODUCT ENGINEERING ° OCTOBER 25, 1965 © 

engineering 

Services 

best to conduct the method on a com- 
puter, but a desk calculator may do in 
some cases. 

A simple problem is given here, 
with a step-by-step procedure based 
on the actual design of a structure— 
an automobile. door handle. 

Where do most failures occur? 

Experience tells us that electronic 
systems are more likely to cause a 
failure—especially in missiles, Fig 1— 
than are structures. So it is natural 
that electronics should receive the 
greatest attention and program cost, 

Fig..2. | 
Thanks to this highly subsidized re- 

search, the electronics engineer can 
tell approximately what the failure rate 
will be for a particular electronic sys- 
tem. Not so the structural designer. 
Without such “standard failure rates,” 

he usually just compares the design 

3... WEIGHT 

Payload~ Electromechanical 

» 5 eras 

ings that is obtained in materials and in 

electronic design costs. Largest weight 

contributor in a missile system (when 

the propellant of the propulsion system 

is excluded) is structures. . 

37 



MIL-STD-202C 
12 September 1963 

( __ SUPERSEDING Pas | MIL-STD-2028 
i ; 14 March 1960 

} 

oe MILITARY STANDARD 

TEST METHODS FOR ELECTRONIC 
AND ELECTRICAL COMPONENT PARTS — 

i 
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TECHNICAL INFORMATION 
SERIES 

SUBJECT | NO. 
3 railway catenary- 

Bier. EJ pantograph dynamics 

TITE Railway Overhead Contact Systems, 
Catenary-Pantograph Dynamics for 2 

Power Collection at High Speeds | 
ADDITIONAL COPIES AVAILABLE AT NO. PAGES 

Distribution Unit, Bldg. 5, Room 345 
Research and Development Center 64 
P.O. Box 8, Schenectady, New York 12301 

SUMMARY ? 
A program has been prepared for the GE-625 computer 

in FORTRAN IV language to compute the dynamic behavior 

of a catenary and pantograph for railroad cars moving at 

constant velocity. The catenary is considered to consist 

of two wires joined by elastic hangers* at arbitrary 

locations. The upper catenary wire is in turn Supported 

by elastic towers at arbitrary locations. Account is taken 

of tension and mass in each wire, wire sag, damping of the 

wires, Springing between shoe and wire, springing and 

|damping between shoe and pantograph frame, damping of 

the pantograph frame to the railway car, lifting of the wire 

laway from the shoe, and stops in the pantograph to limit 
motion between shoe and pantograph frame. Up to eight 

jarbitrarily spaced pantographs can be included, with as 

many as sixty hangers and ten towers. 

CS 

*droppers 

KEY WORDS railroad pantograph, railroad catenary, dynamics, 
power collection, GE-625. computer, nonlinear 
mechanics, current-collecting 

MATION PREPARED FOR: 
Mechanical Technolog Laborator 
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DESC-EM Se 13 May 1966. 

Industry 

Gentlemen: 

The enclosed initial draft of proposed military specification MIL-I-2326/A 
a ercatetnpte and associated specification sheets, project numbers 5970-0144 and 770-0150 through 0174, are forwarded for review and comments. If the documents are of interest to you, it is requested that your reply be forwarded to this Center in sufficient time to arrive within 75 days from the date of this letter, with a copy to the preparing activity, Bureau of Ships, attention Code 621, Comments received subsequent to the requested date may be acted upon only if such action will not. delay coordination; otherwise, all late comments may be held in abeyance for consideration during the next action involving this document, 

In the interest -of expediting the processing of replies, it is requested: that your comments be provided in duplicate and organized in the following format: . : 

Paragraph 3.6.2. Storage - Delete 5 percent and substitute 
2 percent. 

Reason -— Enclosed data substantiate this change, 

If further coordination is required, redrafts, compilation of comments, or invitations to attend meetings will be circulated only to firms and organizations that furnish comments or indicate by reply that they have an interest’. | 

Further technical information related to the coordination of this document may be obtained by contacting the Defense Electronics Supply Center, attention DESC -EMM , Dayton, OH 45401, 

Sincerely yours, 

1 Encl : 
Initial Draft a Chief, Electro-Mechanical. 3 | ? ., Division | 



DEFENSE ELECTRONICS SUPPLY CENTER 
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IN REPLY 

REFER TO: DESC-EQE-65-137 | 15 Feb 1965 

General Electric Company 
ATTN: Mr. BY By. Kingsbury 

Insulator Department 

2525 Insulator Drive 

Baltimore, MD 21230 

This Center is responsible for the administration of Qualifisc Products 

List for Military Specification MIL-I-10A, QPL-10, In order for this 

QPL to be of maximum utility to procurement activities, it is necessary 

that the listings and other information be as accurate and up-to-date as 

possible, 

Accordingly, it is requested that you review the listings of your products 

and your address in the latest issue of QPL-10 (enclosed) and furnish 

the following information within 30 days of the date of this letter: 

a, Any changes brought about by company mergers, corporate reorganiza-— 

tions or similar actions. 

b. Any change in company name or plant location. (Please include 

your ZIP code and plant street address.) | 

c. Any change in product designation or composition, 

d, Any products which are no longer manufactured. 

e, One copy each of the latest "Periodic-batch-—check inspection" 

(parech. 5.3 OF MIL-~I-10A) test reports for all materials which were 

qualified more than two (2) years prior to the date of this letter and 

which are still in production, 

oincerely yours, 

OBERT HE, COOPER 

Chief, Qualifications 

Copy furnished: : Division 
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FIELD SERVICE TRIALS OF POLYMER INSULATORS FOR 
—— HIGH VOLTAGE TRANSMISSION LINES 

F. C. Vose 

SUMMARY 

The first report on crporR) insulators for high voltage transmission lines was pre- 

sented at the 1963 Summer Annual IEEE meeting in Toronto (CP-63-1039) and a second report 

on these insulators was presented at the IEEE Winter Power meeting in New York in 1964 

(CP-64-36). These two papers reported on the original concept of a polymer insulator and 

the limited field trials of the insulator, as well as on the laboratory tests and char- 

acteristics of a revised design of the original polymer insulator. Since the publication 

of these two papers, the revised design has undergone extensive field service tests on the 

transmission lines of many utilities in the United States, under widely varied atmospheric 

conditions. This paper has been written as an interim report on the results of these 

field service tests and to present a detailed description of the insulators and the labora 

tory tests that have been made on insulators returned from field service, with varying 

periods of time in the field. 

In order to keep track of all parameters in this large scale field trial, the follow- 

ing steps were taken: 

b. Fach insulator manufactured was marked with a serial number. The date of its 

manufacture and conditions relating to the manufacturing process were recorded. 

Z% Each utility participating in the field trials was asked to return a question-~ 

naire on the details of the installation of the insulators. This provided in- 

formation on the date of installation, the voltage applied and any pertinent 

details concerning exposure, such as degree of contamination and kind of con- 

taminants involved in the exposure. 

3. Records were kept of the serial numbers of the insulators and the exposure as 

indicated by the returned questionnaires. 

It was suggested to the sixty-eight utilities cooperating in the field trials that at 

least some of the exposure be made in severe locations so that a true cross-section of 

operating conditions would be obtained. Actually, of the approximately 1,700 insulators 

in service, a disproportionately high percentage was placed in areas involving severe con- 

tamination of various kinds. | 

The first insulators of this design were placed in service on field trial in October, 

1963, and additional quantities have been put into service at intervals since then. Some 

of the 1,700 insulators presently in service have been operating for seventeen months and 

some of the more recent units have been in service for only a few months. The weighted 

average service time is probably about six months. 

Of those insulators which have been placed in areas subject to abnormally severe con- 

taminants, the contaminating materials covered a wide range including salt, gypsum, coal 

dust, fertilizer dust, fly ash, limestone, phosphates, acid fumes, cement, potash dust and 

heavy industrial contamination. In these field trials none of the insulators of this de- 

sign were washed, even though in some cases porcelain insulators, when used in these same 

exposures, were subjected to regular washing operations. | 

In several cases the insulators were placed in areas which have been notorious for 

vandalism and where porcelain insulators were regularly broken by rifle fire. 



PLASTIC SUSPENSION INSULATORS 

‘Js. Ge Parker 

Memphis Light, Gas, and Water Division 

On a 115-kv overhead line feeding a chemical plant, we find corona on conventional 

5 3/4'' x 10" porcelain suspension insulators from time to time. This corona occurs 

only when these insulators are contaminated with matter originating in the plant and 

when their surfaces are also wet due to severe condensation, fog or mist. This corona 

has not resulted in a flashover or any damage, but it is a nuisance because when the 

plant operators see it they become alarmed and insist that we eliminate it before it re- 

sults in a flashover that would interrupt their production. 

The addition of two insulators to the nominal seven insulator strings we use on 

115-kv lines did not appreciably improve this condition. 

The contamination has the appearance of a deposit of fine white dust a few mils 

thick. It can easily be wiped off of the insulators, but a new deposit soon reappears. 

Cleaning the insulators and applying Insulgrease eliminated this trouble for about 

a year. However, it was found to be difficult to remove from the insulators at the end 

of its useful life. The substitution of Insulcone for Insulgrease produced the same re- 

sults and could easily be wiped off of the insulators at the end of its useful life. We 

realize that with different contaminants the performance of these two products will 

probably be different. Other brands of silicones of the same types will no doubt pro- 

duce the same results. 

Upon the insistence of a manufacturer that this annual maintenance could be elim- 

inated by using his polymer insulators, we purchased six for a trial installation. These 

one-piece, 1l2-petticoat insulators were each supposed to be the equivalent of a string 

of seven standard ten-inch porcelain-suspension insulators. The delivered cost was 

approximately three times the cost of the equivalent standard insulators. These insu- 

lators were installed at random in the contaminated area. Their trouble-free life was 

approximately half that of porcelain insulators coated with Insulcone. 

The polymer insulators have been removed and the manufacturer notified. His 

comments will be interesting. 

Upon examining the polymer insulators after removal, about the same amount of 

contamination was found on them as on porcelain insulators. Tracking was found only 

at One point on one insulator. This tracking was confined to an area approximately 

3/32'' x 1/2" and was apparently over the end of the metallic fitting embedded in the end 

of the insulator. The depth of the tracking could not be determined without dissecting 

the insulator which was not considered advisable until the insulator is examined by the 

manufacturer. All of the insulators had rough spots of various sizes and shapes at ran- 

‘dom locations on their surfaces. There was no indication that these insulators would 

| | 

32 AC65 LIGHTNING ARRESTERS, CAPACITORS AND INSULATORS Sec. 9-201 
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Introduction 

| One of the major components in the air blast circuit breaker is a 
: column of porcelain which supports the interrupting head above ground 
, both electrically and physically. These columns must have capability | to withstand high steady state and high impulse electrical stresses, | 
| Furthermore, by means of exterior convolutions sufficent creepage path. 
| is provided so that atmospheric contaminents will not permit electrical 
| conduction between the high potential interrupting head and the ground, — 

| Furthermore, these columns serve as structural members holding up the 
heavy steel casings containing the interrupting mechanisms. There | 
are also extra loads due to pull of the transmission lines, wind and | vibrational loading. Additionally there is a large axial load which 

_.. is produced by the internal tie-rod construction which helds the 
interrupting head to the base of the circuit breaker. This is 
necessitated by the design using porcelain in which the porcelain column 
must be kept under compression for suitable mechanical performance; | 
in addition, a high load must be applied te elastomer gaskets used in 
the sealing of high dielectric gases in the insulating column. | 

| 
| 

| The use of a fiberglass wound structure to act as both the electrical | and mechanical support for) the interrupting head has been considered | for some time. New advances in resin and glass winding technology | | have increased confidence that such a structure could be made to. | perform the required function satisfactorily, and, additionally, give | , the very long life that is required for use in utility apparatus. 
Bt Evidence of satisfactory life has been obtained from the experience of. the Insulator Department (Baltimore) which has had in service for over 

five years fiberglass reinforced, epoxy clad, transmission line tension | supports. Other manufacturers have made many filament wound structures | and have gained valuable experience in understanding how such rein=- _ forced composite structures can satisfactorily carry heavy leads. 

| | i 
: : ey yo 



Having explored extensively 

dynamic effects on insulators in 

previous chapters, it would seem 

desirable to summarize the question 

with some specific comments. These 

may sometimes appear in a degree 

of conflict. We feel sure, however, 

the reader will gather from the dis- 

cussion at least an appreciation of 

the complexity of the subject. 

Obviously there is a magnitude 

of vibratory deflection below which 

pin flexure is relatively harmiess, 

and above which it is hazardous. 

Figures 1 and 2 depict typical ex- 

amples of these conditions. Pin 

providing data for Figure 1 has a 

large diameter for most of its length, 

“and necks-down to a shank of .72- 

inch diameter for a length of only 

55-inch. (See Figure 3) This is 

an extreme case of reduced flexure 

in both length and diameter of the 

flexing member. Data in Figure 2 

is typical of a pin with a diameter 

of .625-inch and an exposed length 

of 1.75-inch over which this di- 

ameter exists, giving it considerable 

flexure length. (See Figure 4) The 

difference in fatigue tolerance be- 

tween the two pins is considerable. 

. Every pin design shows a typical 

range of tolerance, and the O-B lab- 

oratory has investigated most of the 

common pins now on the market. 

The data shows many differences 

resulting from pin conformation, but 

the general comparison between the 

shorter, less-flexible shank and the 

longer, more-flexible type is the 

most significant, and is presented in 

the two curves. 

it will be noted in Figures 1 and. 

,2 that mechanical load on the insu- 

‘lators is not an important factor, as 

indicated by the rather narrow dis- 

persion of the line. Maximum ser- 

vice load is the common application 

assumption of 50 per cent of rated 

strength. load is the 

equivalent ofa lightly loaded sus- 
Minimum 

pension point. For convenience, call 

this under 1,000 pounds. Bear in 

mind that in tangent points, load on 

the pin has little relation to con-- 

ductor tension. 

Fracture at the fillet line on the 

head of the pin of a ball-and-socket 

connection is a dynamic fatigue 

phenomenon, having only a second- 

order relation to static tensile load. 

While static load opens this frac- 

ture line more rapidly when it is 

established, it is not a primary fac- 

tor in initiating the condition. 

This being the case, why is con- 

ductor tension such an important 

consideration not only in strain but 

in tangent positions? It must be 

understood that pin damage is a 

function of aeolian vibration in the 

conductor. This vibration results 

from a “tuned” condition, and is af- 

fected by internal damping of the 

cable. Conductors strung below 15 

per cent. of their ultimate strength 

are basically self-damping, but very 

~ few such low tensions exist on mod-~ 

ern EHV lines with long spans and 

generous ground clearances. Aeolian 

response of conductors is a subject 

tay into the province of the cable 

manufacturer, and we will not pre- 

sume to trespass on this territory. 

However, it is clearly delineated 

and we urgently recommend a thor- 

ough investigation as a part of pre- 

liminary line design. 

We now reach a controversial 

point, namely, armor rods and vi- 

bration dampers. Like the umpire 

in a baseball game, we will call balls 

and strikes “as we see ‘em’ and 

may elicit some boos from the 

_ bleachers. 

For the purpose of protecting the 

insulator string from damaging vi- 

bration, any damping device on the 

conductor must absorb energy in 

sufficient degree to fall within the 

limits outlined in Figures 1 and 2. 

We ignore the effect of such de- 

NCY OF INSULATORS» a 

vices on the conductor they 

may or may not be adequate to fur- 

nish protection for this member. We 

confine ourselves to the question of 

how much vibration generated in 

the open span will reach an insu- 

lator string. 

According to conductor manufac- 

turers, there are two general cate- 

gories of armor rods, from an 

energy-absorption standpoint: (A) 

Fither formed or straight, of con- 

tinuous diameter. (B) Tapered, 

which change pitch when wrapped 

and set up inter-strand friction. The 

first type supplies no protection to 

the insulator string. The second 

provides a moderate degree otf 

energy absorption. 

Vibration dampers of accepted 

design are highly effective. We 

know of only one service failure of 

an insulator string protected by 

dampers. Dampers, in this case, 

were not installed for a short time 

after the line was built, and dur- 

ing this period a pin fracture was 

undoubtedly initiated. This frac- 

ture was then able to grow with 

the low level of vibration permitted 

by the dampers. Study of the frac- 

ture showed many progressive 

stages of its development. 

Much of this discussion is predi- 

cated on a knowledge of amplitude 

and loop length in a vibrating string 

of insulators. Observation of these 

phenomena is extremely difficult. 

As was mentioned in the previous 

chapter, this observation is best 

done with a transit telescope which 

brings the viewer within a few feet 

of the.insulator and provides a hair 

line as a reference point. This ob- 

servation must be done from the 

side of the line because of orienta- 

tion of the vibratory movement. 

Fven under ideal conditions, a 

string of insulators in vibration ap- 

pears aS no more than a blur at 

the antinode points, and accurate 

measurement of this fuzzy image 

s 

| 
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A POLYMER INSULATOR FOR 

HIGH VOLTAGE TRANSMISSION LINES 

F.C. Vose F. S. Nichols 

SUMMARY 

Porcelain has been the principal insulating element in suspension insulators for 
many years. This paper describes how a modified epoxy type polymer with a fiberglass 

core is used in the design of a developmental suspension insulator for application on 

future transmission lines. Included in the paper is a resume of certain special tests 

run to prove the insulator, and a review of its current service record. The potential 
advantages of this type of insulator are summarized. 

INTRODUCTION 

Wet process electrical porcelain has been used in all types of suspension insula- 

tors for many years. Its long life, high dielectric strength, imperviousness to most 

chemicals, resistance to electrical tracking, and low materials cost have retained for 

porcelain a unique position as the insulating element in suspension insulators. There 

are probably over a hundred million porcelain suspension insulators in service today 
in the United States. Some of these have been providing reliable service over the span 
of many decades. For these reasons, efforts to replace the porcelain with other materi- 

als has so far been significantly unsuccessful. 

Voltages and mechanical loads on insulators are increasing as the trends toward 

higher voltages, use of large conductors, multiple conductors and longer spans con- 

tinue, These factors bring increasing need for higher reliability in materials and 
components for use in transmission lines. The need for an even better suspension 
insulator to meet these requirements becomes readily apparent. These needs can be de- 
fined in terms of practical design consideration. 

1. A lighter but stronger insulator would facilitate construction and hot line main- 
tenance, 

Fd. An insulator with a much higher resistance to impact would reduce the suscepti- 
bility to breakage during handling and erection, and also would reduce outages 

caused by rifle fire and other accidental and malicious impacts during normal 
operation. 

3. Puncture proof insulators, with the ability to sustain power arc follow currents 

without damage, would reduce outages due to lightning and switching surges, and 

would eliminate dropped lines caused by puncture induced explosion forces. 

Early in 1954, a program was initiated by the General Electric Company to find an 
insulating material for use in outdoor insulators which would provide maximum reliability 
consistent with the utility industry's future requirements. Literally hundreds of for- 
mulations were investigated and tested. Finally, in 1957, a modified epoxy type peLyaee 
which appeared to meet our requirements for outdoor service was developed. 

To fully explore the possibilities was a time-consuming process. It involved a 
great variety of investigations and tests to truly understand the characteristics of 
this material and to develop means of designing practical insulators with it as a 
base, When working with any new material for application to the exacting requirements 

of high voltage insulators, one must put aside preconceived ideas. Many of the design 
and test criteria presently applied to porcelain insulators are either meaningless or 
inadequate when applied to materials having entirely different characteristics. Other 
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FIELD SERVICE TRIALS OF POLYMER INSULATORS FOR 

HIGH VOLTAGE TRANSMISSION LINES 

F. C. Vose 

SUMMARY 

The first report on crpor&) insulators for high voltage transmission lines was pre~- 

sented at the 1963 Summer Annual IEEE meeting in Toronto (CP-63-1039) and a second report 

on these insulators was presented at the IEEE Winter Power meeting in New York in 1964 

(CP- 64-36). These two papers reported on the original concept of a polymer insulator and 

the limited field trials of the insulator, as well as on the laboratory tests and char- 

acteristics of a revised design of the original polymer insulator. Since the publication 

of these two papers, the revised design has undergone extensive field service tests on the 

transmission lines of many utilities in the United States, under widely varied atmospheric 

conditions. This paper has been written as an interim report on the results of these 

field service tests and to present a detailed description of the insulators and the labora 

tory tests that have been made on insulators returned from field service, with varying 

periods of time in the field. 

INTRODUCTION 

In order to keep track of all parameters in this large scale field trial, the follow- 

ing steps were taken; 

1. Each insulator manufactured was marked with a serial number. The date of its 

| manufacture and conditions relating to the manufacturing process were recorded. 

hx Each utility participating in the field trials was asked to return a question-~ 

naire on the details of the installation of the insulators. This provided in- 

formation on the date of installation, the voltage applied and any pertinent 

details concerning exposure, such as degree of contamination and kind of con- 

taminants involved in the exposure. | 

3. . Records were kept of the serial numbers of the insulators and the exposure as 

indicated by the returned questionnaires. 

It was suggested to the sixty-eight utilities cooperating in the field trials that at 

‘least some of the exposure be made in severe locations so that a true cross-section of 

operating conditions would be obtained. Actually, of the approximately 1,700. insulators 

in service, a disproportionately high percentage was placed in areas involving severe con~ 

tamination of various kinds. 

The first insulators of this design were placed in service on field trial in October, 

1963, and additional quantities have been put into service at intervals since then. Some 

of the 1,700 insulators presently in service have been operating for seventeen months and 

some of the more recent units have been in service for only a few months. The weighted 

average service time is probably about six months. os 

Of those insulators which have been placed in areas subject to abnormally severe con- 

taminants, the contaminating materials covered a wide range including salt, gypsum, coal 

dust, fertilizer dust, fly ash, limestone, phosphates, acid fumes, cement, potash dust and 

heavy industrial contamination, In these field trials none of the insulators of this de- 

sign were washed, even though in some cases porcelain insulators, when used in these same 

exposures, were subjected to regular washing operations. | 3 

In several cases the insulators were placed in areas which have been notorious ‘for 

vandalism and where porcelain insulators were regularly broken by rifle fire. H 
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Sixty-cycle flashover tests were made on L.A. housings 

with three variations of both housing diameter and number 

of petticoats. In addition to fog tests with 0%, 3%, and 

10% salt solutions, standard dry and wet tests were made. 

Also tested were a 79 kv Ohio Brass LA. housing and 

7785 pin type insulators. a ik 
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CONCLUSION ert if | 

1. Under contaminated conditions the withstand 

voltage increased and the leakage current decreased 

with the number of petticoats. 

2, The Ohio Brass housing and the 7785 insulator 

supports had significantly higher withstand values 

under salt spray contamination than the G.E. 

housings. This appears to be the result of both 

increased creepage length and different design. 

More detailed conclusions are given at the end of 

the report. is 
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. into a standard card file. — ot ite 
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how the development GM : EDITOR'S NOTE: Since the in- 
troduction ‘of the Futura insulator 

of improved research last July. our efforts in this publi- 

i cation have been directed primar- 

tools aided the : — ily toward a more complete explan - 

| ation of the substantial benefits 

development of an users should expect from this in- 

sulator as a result of the incorpor- 

ation of the Corrosion Interceptiny 

| FUTURA A NEW DESIGN 

Among the early problems con- 

fronting O-B engineers in their 

search for an improved insulator 

design was the problem of deter- 

mining -- more precisely and more 

improved insulator design 

MALLEABLE 
IRON CAP 

CEMENT 

accurately than ever before -- 

what actually happens to an insu- 

lator when it is subjected to vari- 

ous types of mechanical and elec- 

trical loads and stresses.’ 

Conventional tools and tests, 

techniques and instrumentation, 

were frequently too crude to probe 

many of the areas they wanted to 

explore more thoroughly. 

PORCELAIN ’ 
HEAD 

_ RADIAL FORCE 
EXERTED BY 
PIN UNDER 
LOAD 

They had to develop, for ex- 

ample, a new technique of impulse — 

testing, new instrumentation to 

record fast waves (of the order of 

O01 micre-seconds), improved ways 

to measure the deflection of porce- 

lain under mechanical load, and 

other new laboratory aids. 

Some of the new tools they 

developed will be revealed for the 

first time in future technical papers: 

others will be discussed in this 

publication. 

CEMENT 
PIN 

Cross-sectional drawing of O-B_ insulator 

32440 (predecessor of the new Futura) shows 

how forces exerted by the pin are transmit- 

ted radially through the cement in the pin- 

hole: to the porcelain head of the insulator. 

and from there through the cement in the “ae 

eap to the cap itself. 
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Ee MEMORANDUM L “NAN TAQ Sf | 

po: All Supervisors 

FROM: Paul Ankrim 

SUBJECT: Roof. Leaks Survey Report 

DATE : May 3, 1989 (Wednesday) 

pecans Genera peneeuns Gememtss GREET GEDCIES Goulet: GESTED CENEUD GEES QUEER) (enSGS GEES GUESS SUSE GETS SOA GREED EENEE meee enees SNEED SH GED Sep CEES SUMED SENNES GEde SERED SERN SOO SEN SS CE Soe SES Ge Gene Gwe Ge wae oe Cee eS eS eee ee ee ee Se eS ee SED CES SEE Ce tee ee SS Se ee 
ee en ee en rr re ee ee EE EE eS ES EE NE ES LS EE SR OE EE ES SS NS NY NS LE A AE A A A A SS SS 

Attached are three different reports (six sheets of paper) relating to the 
factory leaks that were reported by Locke supervisors. ; 

Fach leak has a unique number and locator number. The number in most cases 
takes the Department Number and adds to it sequential two-digit numbers | 
beginning with 01. Hence, for example, leak Number 02001 is the first leak i 
reported by the Shipping Department. | a ages 

Only the Ceramics Lab and High Voltage Lab have a different numbering system 
in this survey. (The specially prepared map for the Ceramics Lab is not . 
attached to this report.) | 

The attached map records 68 of the 79 leaks’ approximate positions. Those of 
the Ceramic Lab and High Voltage Lab are not plotted. 

Please see the attached data recording form for understanding the various 
headings: such as’ 'Prior#i," “‘other-des," etc. ‘ 

The reports are: 

nae "Leaks Summary, ali Fields--this provides an overview of all responses. 

2. Three reports providing detailed information about leaks in each of the 
three classifications. The number of each classification is as 

follows: . roy He | 

a. Dangerous: 24 (30.4 %), of which eight are in department 165 
and four are in department 169. 

b. Hazardous: 21 (26.6 %), of which four are in department 161. 
-c. °-Damaging: 34 (43.0%), of which half are equally shared by 

departments 020 and the ceramic lab. 

Thank you very much for your cooperation in completing this survey. Perhaps 
you will discover leaks or condensation that are not recorded, especially from 

pipes, drain leaders, heaters, air conditioning tubes, etc. Please provide 
that information at your convenience. 

Documenting the leaks was the easiest step; making the repairs is the real 

challenge, but you have my assurance that these will be made as efficiently 
and timely as possible. 
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Basic Text of Presentation on 

New Polymer Insulator for High Voltage 

Transmission Lines at Press Meeting on May 8, 1963 

at Park Lane Hotel, New York City | 

Arthur E, Peltosalo, General Manager 
Insulator Department 

General Electric Company 
Baltimore, Maryland 

A 

General Electric announces Phase 3 of its long range 

program to provide uniquely different insulation systems for 

high voltage electric power Systems. Phase 3 is pilot pro- 

duction of fiber-—glass polymer suspension insulators (Company 

trademark is GEPOL) in cooperation with electric utility 

Systems who will make trial installations in 1963-64, 

The initial phase of this research program was the 

development of the material and process for an experimental 

insulator model. The Second phase involved limited field test 

installations, along with continued process development in 

perfecting the initial experimental models. 

er 

~more- 
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NEW THOUGHTS ON HIGH VOLTAGE INSULATORS 

H. A. Frey, Mgr .-Engineering 

Insulator Department — General Electric Company 

I very much appreciate this opportunity to present tothe Electrical Equipment 

Committee some of the new thoughts on materials for high voltage insulators, and 

the preetens associated iin such material, 

iE know that: your Committee’ S primary interest lies in electrical equipment 

and apparatus insulation rather than line insulation, However, in these two 

areas the fundamental insulating material problems are interchangeable so that 

I hope you will understand if many of my vegeta are directed toward line thveldtera: 

since it is in this area that we have fick of our total experience with some of 

the new materials for high voltage outdoor insulation. 

Virtually all high voltage insulators, whether used in apparatus or as line 

insulation, must perform three basic functions: 

1, They must provide mechanical support and so ehes must have 

mechanical strength consistent with their expected service load. 

2 They must have adequate dielectric strength to support line 

voltage plus expected overvoltages due to surges. 

Be They must be so designed as to make efficient electrical use of 

the surrounding medium, which in the case of outdoor insulators 

is’ air. 

In the most general sense, the Beale requirements for the materials of 

| with high voltage outdoor insulators are made are shown in the following 

tabulation, 
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‘discovered. 

i insulation, but were unable to add additional insulaters because of the limited 

‘The use of Fiberglas in the bonatruction of transmission lines has 

increased in the last few years as new ways of using this material are being 

I Souid like oe te eli. you at several ways hat’ we at Carolina Power 

& Light Company are putting it to use on our transmission lines. 

Since it has such a high insulating value we are cevice to use it ie 

to raise the impulse level of the structure by replacing certain parts of the 

structure with the Fiberglas. ; | | 

} For exemple, on one of our older 115 KV double circuit: tover lines | 

we wished to improve the lightning performence of the line by increasing the 

airgap clearance between the top conductor and the middle crossarm brace. This 

clearance limited the number of insulators that could be installed. 

In order to increase the airgep we are in the process of replacing 

the middle croseerm brace with Sibersles braces. 

These braces are to be ordered with a eurnbuskle in one end. The turn- 

buckle is for the purpose of allowing the brace to be delivered with the normal 

‘manufacturing tolerances as to length. Unless special procedures. are used to 

obtein an exact Length for the Fibergles brace, the tolerences would be too 

large for the brace to be. substituted for the metal ae on the arm. The turne 

buckle provided a conventent means of ‘adjusting the length to ett the tower. 

These braces cost ‘about $12.00, and allow us to increase the number of insula- 

tors from 7 to 9, The replecing of the brace is done at the same time we re- 

: conductor the line, 

On wood H-frame lines the same Fiberglas brace with built-in turnbuckle 

can alse be used ag outeide knee braces to support the ends of the crossarm. 
pat 
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with which it can make a bilateral schedule change; it is desired to 
_ balance out for total inadvertent in each area; if the algebraic sum 

of all inadvertent around the interconnection is or can be made Zero, 
full balance between areas can be achieved; and, if it is not or can not 
be made zero, then there is a residual amount of inadvertent that is 

_uncorrectable, and the equitable thing to do is to distribute it among 
all areas in proportion to their size. | | 

The suggested technique is for all areas, at regular and previously 
_ stipulated times and for previously stipulated periods, to reset their 
- net interchange schedules to eliminate their respective inadvertent 
accumulations during the stipulated period. This would be done 
universally and regularly, on a.system-wise basis, at hourly or other 
time intervals, and for stated time periods which could even be the 

full hour. ‘To the extent that areas can respond to these reset sched- 
ules, inadvertent accumulations would be corrected. 

If the algebraic sum of all inadvertents were indeed zero, as several 
of the discussers suggest it would be, then the algebraic sum of sched- — 
ule offsets would be zero, and frequency would not be influenced as 

inadvertent. accounts were being automatically reduced to zero. 
If it turned out that the algebraic sum of inadvertents were not zero, 
then there is an uncorrectable residual inadvertent. The algebraic | 
sum of schedule offsets would not be zero, and a small frequency 
deviation would develop, sufficient to spread the uncorrectable ac-’ 
cumulation uniformly among all areas in proportion to their bias 

settings. 
To simplify matters for system operators, and to avoid confusion 

with normal interchange schedule settings, separate setting dials 
could_be used for the inadvertent correction setting. In each case it 

_. could be calibrated directly in terms of the inadvertent accumulation 
to be corrected, with appropriate allowance for the stipulated time 

j 

oe 
aN 

\ 
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allocated to the correction. Suitable megawatt constraints and fre- 
quency limits within which the corrections would be effective could 
be applied. rhs bea: Sa Rees 

It is recognized that the suggested technique would require regu- 
larly scheduled concerted setting action on the part of all areas. 
Perhaps operating areas would not regard this as a greater burden 
than system-wide concerted resetting of frequency schedules for 
time error correction, particularly since the inadvertent accumulation — 
correction action would be taken at regular times on a universal 
system-wide programmed basis. 

In closing, I again wish to thank the several discussers for their 
thoughtful and penetrating comments. 
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. Concept and | Analysis of Epoxy—Ceramic Insulation 

_...... System for Overhead Lines 7 
HUGH G. HALLY, SENIOR MEMBER, IEEE, AND CHARLES A. POPECK, SENIOR MEMBER, [REE 

Abstract—A new insulation system for overhead electric lines is » 
presented, together with the system concept and analysis of testing | 
and development data upon which specific designs and application 
of epoxy—ceramic assemblies (ECA) have been based. For the 
purposes of data presentation and application referral, the discussion © 
is directed principally toward transmission voltages of 69 kV and: 
above. However, the system presented applies to the lower voltages 
as well. | gee : | ; 

; PRESENT PROBLEMS AND NEEDS 

HE NEED for improved and more sophisticated insulation | 
techniques for overhead systems is becoming increasingly — 

apparent as the problems of “‘beautility,” reliability, right of 
way, higher voltages, and underground are brought into focus 
in practical and economic relationships. The ECA insulation 
system is proposed as a major step toward fulfillment of such 
needs by providing shorter arm lengths and shorter suspension 
insulator. string length. | } ‘ 

Ne uv 

Paper 31 TP 66-401, recommended and approved by the Trans- 
mission and Distribution Committee of the IEEE Power Group for 

_ presentation at the IEEE Summer Power Meeting, New Oyleans, | 
_La., July 10-15, 1966. Manuscript submitted April 11, 1966; midde - 
available for printing June 14, 1967. eras 

The authors are with the A. B. Chance Company, Centralia, Mo. 

In many situations, the most realistic alternative to heavy 
investment in new overhead or underground facilities and right 
of way is the upgrading of the existing overhead plant to higher 
capacity through conversion to higher voltages. Of prime con- 

~ sideration in such ventures is the preservation of existing right 
of way boundaries,-the appearance of the converted structures, - 
and the adequacy of the line insulation to give satisfactory per- 
formance. ? 23 

Traditional overhead construction consisting of  wood- 
porcelain or steel—porcelain combinations has a long history, but. 
it has not been without its problems. Pole fires, crossarm burning, 
and uncertainties in impulse levels and insulation coordination _ 
have caused greater spacings and more insulation to be provided — 
than might otherwise be required. With voltage levels grad- 
ually increasing over the years, overall economic and practical 
considerations indicate the necessity for departures from former 
practices.) 4.4) | | ge 

The search for new insulating materials and techniques for 
overhead line construction has been going on for several decades. 

_ Until recent years, however, the lack of sufficient and accurate 
information regarding the performance characteristics of con- 
ventional construction has slowed the efforts toward a more 
sophisticated insulation system. "! 

Overhead line construction and insulation techniques now seem 
to be entering a new era. Vastly increased testing facilities, 

soe 
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CHARACTERISTICS OF FIBERGLASS AND POLYMER INSULATION 

Edward S. Wheeler 

General Electric Company 

Baltimore, Maryland 

INTRODUCTION 

Although today we tend to think that porcelain line insulation has 

always given satisfactory operation, there really are several things 

historically not quite right ,with that. point of view. For the first 

thirty years or so of its use, porcelain. insulation was unreliable 

all too frequently. Fortunately, utilities and manufacturers alike 

learned the problems of porcelain, and designed the product and use 

of it to accommodate these shortcomings. Nowhere has that been | 

truer than in suspension insulators, From the manufacturer's view- 

point, the product is slow to manufacture, heavy, and can be fragile 

if handled roughly. Designs and processes must reflect the inherent 

nature of the materials used. The utility is concerned with its 

bulkiness and weight, and must allow considerable warehouse space for 

its storage. The suspension insulator's arch enemy has historically 

been the gun carrying vandal, but more recently the ecologist has 

turned our attention to the appearance of its bulky profile, and the 

clutter on the pole top that can easily be caused with several por- 

celain discs in series, 

Seventeen years ago we began to study outdoor high voltage insula- 

tion, asking whether some alternative might be found in the newer 
insulation materials, What developed from more than a decade of re- 

search and development has come to be known as the GEPOIY insulator. 

(Figure 1) 

The GEPOL insulator is, properly speaking, a track-resistant, fiber- 

glass reinforced polymer insulator. It depends for its electrical 

and mechanical integrity on a fiberglass reinforced central rod, 
about which is cast the track-resistant material, a flexibilized 

epoxy formulation. 

It would have been possible to make a plastic insulator along these 

general lines twenty years ago. It would not have worked, however. 

scientists and design engineers have known for many years that al- 

most all organic materials will track when exposed to contamination 
and moisture outdoors in electrical service. Tracking may be defined 

as the formation of carbonaceous conducting paths on the surface of 

Di odamark of General Electric Co. 



TECHNICAL REPORT LK-864 

COMPOSITION OF LOW VOLTAGE POLYMERIC INSULATORS 
MARKETED BY OUR COMPETITORS FOR INDOOR USE 

Author: 

Polymer Engineer R&D 

Approved: 

E. S. Wheeler 

Manager- Engineering 

General Electric Company 

Distribution: 

Baltimore, Maryland 

ES Wheeler 

Vos 

J Kaminski 

AJ Pezdek 

KW Cermak 

CD Croskey 

JM Jesatko 

G Nichols 

February 2, 1968 



Insulator Department 

POLYMER HIGH VOLTAGE INSULATORS FOR 

OUTDOOR USE 

Edward S. Wheeler 

Manager- Engineering 

Presented at: 

26th Annual Technical Conference 

Society of Plastics Engineers, Inc. 
New York, New York 

May 10, 1968 

General Electric Company Baltimore, Maryland 



Insulator Department 

POLYMER HIGH VOLTAGE INSULATORS FOR 

OUTDOOR USE | | 

Edward S, Wheeler 
Manager- Engineering 

Presented at: 

26th Annual Technical Conference 
Society of Plastics Engineers, Inc. 

New York, New York 
May 10, 1968 

General Electric Company Baltimore, Maryland 



POLYMER HIGH VOLTAGE INSULATORS FOR 
OUTDOOR USE 

Edward S. Wheeler 

Manager- Engineering 

Presented at: 

26th Annual Technical Conference 

Society of Plastics Engineers, Inc. 
New York, New York 

May 10, 1968 

Insulator Department General Electric Company Baltimore, Maryland 



OUR FAMOUS FIRSTS IN THE 

boos 
1896 
1896 
1897 
1904 
1904 
1908 

1908 
1908 
L909 
EBLT 
1920 
929 
bor 
L932 
1934. 
2935 
1938 

1939-45 
1939-45 
1947 
1953 
L955 
1956 
1956 
[957 - 
1957 
L956 
1958 
1959 
1959 
959 
1960 

1961 
1963 
1964 
1965 
1966 
1967 
1967 
1967 
1968 

First 

- Parst 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

First 

FIELD OF ELECTRICAL INSULATION 

Wet Process Porcelain Insulator 
60 KV Pin Type Insulator 

Triple Petticoat Insulator | 

Helmet Type Insulator 

Suspension Insulator 
High Voltage Laboratory 

Clevis Type Suspension Insulator 

Radio Insulator 

Nicholson Arcing Ring 

Switch Insulator 

Switch Insulator for Siok Voltage 
Stack Type Switch Insulator 
Major Improvement in Glaze . 
to Reglaze over the Sand Grip 
Noiseless Pin Type Insulator 

Hi-Top Insulator | 

Compression Glaze 

Compression Sand for Cement Grip | 
Mat Glaze for Metallizing Porcelain for Hermetic Sealing 
Vacuum Pressed Steatite 

Newest and Most Modern Ceramic Rapsakch Laboratory 
First 

First 

First 

First 

First 

i PSEet 

First 

First 

First 

Mechanized Manufacturing for Line Type Insulators 
High Strength Ceramic Body for E.H.V. Applications 
Ball and Socket Type 36,000 Lb. Suspension Insulator | 
10" - 25,000 Lb. See tieion Insulator for 4-3/4" or 5" Spee ane 
650 KV BIL Switch and Bus Insulator Stack 

Combination Stacking Unit for Economical Strength Grading 
Color Coding for Suspension Insulators 
Spray for Silicone Grease - INSULJEL 

Complete Line of Extra High Strength Stacking Switch Insulators 
First Rugged 6" Distribution Insulator 
First Polymer Suspension Insulator | 
First Insulator String eee en for Large Scale 500 KV Line - Usa 
Penelec : 

First Insulator String Designs for 770 KV Line - EHV Pittsfield 
sf oe Se 

First 

Polymer Insulator Laboratory and Pilot Shop 
Polymer Insulators for EHV Station Equipment 

Installation of World's Tallest Kiln for EHV Porcelains 
First 

First 

First 

First 

First 

Shrouded Clevis Hardware Fitting for EHV Assemblies 
Polymer Distribution Deadend Insulator 
Catalog of Standard EHV Assemblies 

(Joint G.E.-Bethea) D.c. - E.H.V. Hardware System 

80,000 Lb. Suspension Insulator in the U.S. 
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NGK RESIN INSULATORS 

eK NGK INSULATORS, LTD. 
(Wippon Gelshi Katsha, Ltd.) ) 

MIZUNGS, NAGGYA, JAPAN 



at 

NGK INSULATORS, LTD. 
_(Nippen Gaishi Kaisha, Ltd.) 

-. MIZUHO, NAGOYA, JAPAM 

re 

RESIN INSULATOR *. 

(Abstract of NGK Review No,27, Jan,, 1969 ) 

OUTDOOR RESIN INSULATORS 

What has been said fill now is all about indoor resin insulators which 

are made of bisphenol-type epoxy resin, This bisphenol-type epoxy resin 

contains in its structural formula benzene nucleus, because of which it 

lecks strength agsinst tracking under outdoor polluted conditions, 

It is reported that Outdoor Resin Insulators using ® resin of this type 

have been put into trial service on transmission lines of some utilities 

in USA, but unfortunately within a year tracking occurred on the resin 

surface of some of these specimens, 

Tracking is related to the "mobility" of electron and its characteristics 

vary according to the quantity of benzene nucleus and to the numb er of 

conjugate double bonds, 

Qur recent research revealed that for lack of benzene nucleus as shown 

in (4) formula, some formulation of cycloaliphatic type resin has excellent 

weatherability and anti-tracking characteristics, which make it feasible 

for outdoor use, 

jou CHO 
| CH CH —CHO 
| | A al | mass LACE: 

CH CH ~ 
“CH: Chis 
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-2X.NGK INSULATORS, LTD. 
MIZUHO, NAGOYA, JAPAN 

Apride2o, 1974 

To: LOCKE INSULATORS, INC. 

MEMORANDUM 

Sub.: Anti-tracking property of silicone insulators “aa 

mi: 
It is reported in. the brochure from the manufacturer that a RODURFLEX- 

insulator composed of a FRP core and silicone rubber. sheds has good anti- 

contamination performance because of its water-repellency, slenderness. and | 

long:surface:creepage distance. We have no firsthand information nor test val 

data in our laboratory to evaluate these claims by the manufacturer. 

In relation with the anti-contamination performance, tracking resistivity 

is also very important particularly for outdoor insulators made of syn- 

thetic materials espebially when they are used under severely. contaminated 

environment, According to our test results, tracking resistivity of sil- 

icone rubber was inferior to that of cycloaliphatic epoxy resin and poly- 

tetrafluorethylene (P;T.F.E). Refer to Technical Note TN-74012 attached. 

% 

At the present moment, NGK is forcussing our development efforts on cyclo- 

aliphatic epoxy reisn insulators and P.T.F.E. insulators though silicone 

rubber remains one of our objects of research and development. 



FORSCHUNGS- 
GEMEINSCHAFT FUR 
HOCHSPANNUNGS- UND HOCHSTROMTECHNIK E.V. 

» 

Highest leakage current impulse as criterion for the 

insulation performance of polluted insulators 

M.FP. Verma 7 

Pollution conditions are CLE or less inherent for outdoor insulation and lead to the 

development of conductivity on the surface of an insulator. This gives rise to thermal 

processes resulting into discharges which reduce the insulation strength. The 

insulation strength can be reduced to such an extent that a pollution flashover at the 

line-to-ground voltage becomes feasible. Fig. 1 shows a pollution flashover of an 

insulator. 

To estimate the insulation strength of insulators under pollution in service, usually 

the limiting characteristic "Flashover voltage as a function of the degree of pollution" 

is determined in the laboratory (Fig. 2). The degree of pollution is expressed, 

according to the test procedure applied, in g/I for the case of salt fog test, in surface 

conductivity uS for the case of solid layer test procedure and in specific deposit ric ernie 

for the Japanese procedure. These values represent, however, the static degree of 

pollution (without test voltage). The dynamic value of the degree of pollution occuring 

during a pollution test can not be directly determined. The relation between the static 

and the dynamic values of the degree of pollution depends on the procedure used. Hence, 

the characteristics differ from each other correspondingly. These differences have led to 

many thoughts and discussions on the suitability and the correspondence of the existing 

test procedures with respect to the various natural pollution conditions. 

” Dr.-Ing. M. P. Verma is Head of the Insulator Department of the Forschungs- 

gemeinschaft fur Hochspannungs- und Hochstromtechnik e. V., Mannheim-Rheinau. 
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FACHBEREICH 1 
_ Drehstromtechnik— 

Composite Longrod Insulators for Transmission Lines 

Dr .:.M.. -P. Verma 
Porschungsgemeinschaft fiir Hochspannungs- 
und Hochstromtechnik ae. V. 
Mannheim, Germany 

Paper for 
x IEEE WG, Winter Power Meeting, New York 1977 

Introduction ee CEC LON 

Cap~and-pin insulators fis. The composite longrod insulator, however, also presents new Problems leading finally to the question of life- 

glass-filreresin rod, the latter being in common to all types Fes i Before the question of regular use of these insulators in transmission lines is decided, the laboratory tests must be defined and specified, 

insulators in Service, some of these can be very different depending on the climatic and environmental conditions of the site or the country 
Of use. The following view Points must therefore be kept in mind while 



BH
 

ne
t 

oa
n 

et
te

r 
de

 
PL

L 
Py

 
oo

t 
Sth 

Sa
at
 

e
e
e
 

1a
 

o ‘ 

: 

| 

. 

‘ 

“4 

< 

° 

* 

‘ 

, 

{ 

; 

{ 

; 

i 

. 

. 

3 

a 

\ 

> 

; 

‘ 

} 

. 

. 

Se 

r 

* 

; Z ' r 

i 3 

} ‘ i 4 

I 

f ~ i 

: 

: 

: 

; 

ts t Ls t 

. 

df 

. 

PET 

OR 

en 

ev 

aa 

‘ 

; 

: 

{ 

3 
nahn, 

pe 

] 

; 

j 

ie 

: 

Q 

ao 

ne 

4 

_ 

’ 

7 

g 

f 

; 

- 

Tie 

3 

egragies 

| 
© 

ee 
a : 5 ja 

3 

, 

= 

pr 
eee) 

; 
el 

; 

” 

: 

. 

Ss 

@ 

| 

‘ 

PTE 

ten 

Hy 

LU 

4 > ba 4 he 

1 

: 

Ae 

i 

: 

> 

j 

y 

: 

i 

4 

wear 

oat 

4 

* 
aesaae 

a 

Ce 

ome 

BTA 

f 

recy 

OQ 

ex 

g 
i * CoP Peer any | j . . t . 4 ; XM. 

-~ 

‘ 

6 

ee 

aS 

Ee 

er 

¥ 

oot 

— 

Sf 

i 

ac 
; 

b 

{ 

) 

ea! 

oe 

= 

@ 

prpecsn 

| 

: 

“ 

oe 

{ 

e 

; 

naar 

ners 

15 

| 

4 

fad 

ce 

W 

‘ 

x 

3 

: 

: 

bess: 

| 

3 
: . qd ) - 4 t 

a 

oe 

U 

3 

» 

s) 

; 

: 

j 

| 

@ 

: 

' 

2 

‘oD 

_°) 

| raat c : 

‘2 

ma) 

: 

— 

| 

Zz. 

i 

o 
ome 

as 

H 

* 

. 

2 
ee 

~~ 

i 

eee 

ae 

‘i 

‘ 

. 

aa 

Kisser 

ui. 

: 
> 

i 

? 

$ ay f 

' 

” 

t 

‘ 

f 

{ 

: 

i 

‘ 

oe 

; 

’ [ 

. 

i 

r 

/ 

$ 

‘ 

{ 

Me 

F 

; 

¢ i 

} 

i 

i 

: 

i 

a 

f 

} 

| 

i 

} 

4 

d 

i 

We 

: 

’ 

. 

} { 

\ 

: 

: r 

P) 

‘ 

, 

8 

; 

. 

/ 

\ 

. 

‘ 

+ 

43 

a 

> 

7 

. 

© 

meme 

I 

é 

3 

a 

| 4c : 

‘oO: 

| 

: 

| e A q ¥ 

: 

Oo 

: 

{ “a 

ane 

4s 

*s 

t 

a* 

© 

: 

- 

é 

A 

i ee 

’ 

, 

. 

- 

; 

. 

é i 

= 

‘ 

~ 

PP 

oa 

BEL 

x 

. 

} 

{ 

i 

{ 

‘ 

F 

{ 

" 

® 

\ 

MSs 

: 

Fett 

erty 
eg 

atiny 

rons 

naman 

cope 

uitinm 

ngninelstmeouevmsceer 

* 

i 

ae 

‘ 

: 

: 

FOS 

ERIE 

EINE 

AeA 

TN 

IRL 
eee 

MEP 

ERS 

pha 

ty 

coy 

, 

- 

¢ 

2 

iene 

{ 

; 

= 

oorrets 

ears 

aha 

aE 

Te 
Seren 

hee 

en 

ee 

or 

ee 

beige 

ae 

te 
pe 

gl 
rt 

aie 

; 

. 

: 

. 

: 

; 

iat 

oct 

i 

ye 

rn 

Cee 

Sree 

COST 

ae 

erotica 

theremin 

ery 
apes 

oe, 

PROV 

pee 

Orit 

neeat 

ven 

eemen 

ies 

Bini 

ep 

pane 

i 

neat 

rete 

: 

aK 

; 

speed 

: 

i 

i 

hres 

¢ 

i 

‘ 

: 

t 

; 

ST 

at 

emrgy 

reripenrneereremyetyne 

pa 
sane 

a 
Som 
ep 
hemes 

tpener® 

Sega 
ch 
omy 

* 
ames 

of 

Le 

t 



gut 4 ; $5, Pee Baie ie ep 
Fa ee en a CF ae 30 VER a age se oma Wea DO CA eS a eee RR e Ss Se 3 tegpcty Fee eet a PSs 5 Hyg fp ES ee oe a = 

Sipe, Shey ye Rae a : ii excite ica a ee TRO Te 

Bs 

ae 4 ee 

wee: ptt st 3 hes, ? ot 
iat Mg Ss HR a 
nig “Se ie 7 got 

ate ean Weed xo - Sele See Fe ae ~ ~ 

ees ese 
Sng Bed nn Wyre 

7 a, a ge RES SS eee So Me a5 BOR Se i ee ele OS te ee ead ere Ais Ph ee 
SEIA See Sa Saas irene ek VERO owe ate a beats tee le BEES Soe =e spas el ahr as 

Sr eater 
& 

ae Fy 5 ete a3 

+ 3B ge LOY Sy 

ef ee Aes rae oS 

2s es Sie CAO ee ae 

Companies reveal their operating experiences 
with new plastic and liberglass line insulators | 

By Merlin F. Wadsworth, Senior 
Transmission Engineer, Tampa 
Electric Co., Tampa, Fla. 
© As the pressures continue to 

increase on the utilities to beautify 
or go underground with transmission 
lines, new techniques of insulation 
have been appearing on the market — 
in recent years. Hopefully, these 
methods will successfully meet the 
criteria of being eye appealing while 
still maintaining the reliability of 
the more proven methods. This pa- 
per is a summary of the success or 
failure of some of the new methods 
as reported in a survey. 

The information for this survey 
was compiled from answers to a 
questionnaire which was sent to all 
of the 24 members of the South- 
eastern Electric Exchange, Trans- 
mission and Large Substation Sec- 
tion. Several questions were asked 
dealing with the use of new methods 
of insulation at the transmission 
voltage levels. Twenty-three of the 
companies responded, and of these, 
17 had used plastic or fiberglass in- 

Sulation for transmission lines. 

Experimental and standard 

The installations by these com- 
panies were both on an experimental 
basis and as a standard of construc- 
tion. The two major types of insula- 
tion reported on were the epoxy-type 

_ polymer iosulator and the epoxy- 
fiberglass rod in series with por- 

_celain or toughened glass insulators. 
One company reported an installa- 

tion using the epoxy-type polymer 
in series with porcelain. The 17 
companies that used these new 

1 methods of insulation reported on- 
Bey 33 different installations; of these 

32, 16 were considered to have suc- 
cessful operating records and 16 had 
unsuccessful operating records. 

No attempt is made to discuss the 
relative merits of each type of in- 
sulation nor is any inference made 

- from the answers received on the 
questionnaire. The information is 
factually reported in a summary of 
the results in the following para- 
graphs. 

Epoxy-type polymer 

Out of the 12 installations of the 
epoxy-type polymer insulator, 11 
had unsuccessful operating records. 
The one company which reported 
no trouble to date had 3 units in- 
stalled in the horizontal deadend po- 
sition. These units have been in ser- 
vice for 5 years. These 12 installa- 
tions consisted of a total of 496 
units, 420 of ‘which were installed 
by one company. The other instal- 
lations were in small quantities on 
an experimental basis only. These 
companies, all 10 of which reported 
predlems with these units, have re- 
moved from service all of the units 
on their systems. The company 
which had 420 units installed, has 
removed all suspension units and 
retained 222 units in service in 
strain strings on which they had no 
problems. This is consistent with 
the problems which arose on all in- 
stallations. 

The majority of the units aie 

problems were installed in the verti- 

cal suspension position. The major 
problem was surface tracking. The 

tracking caused carbonization of the 

units which gradually increased to 
the point of flashover or puncture of 

the skirts on the unit. Eight of the 

ELECTRICAL SOUTH for SEPTEMBER 1969 
~ 

69 KV, 

11 installations were credited with 
causing one or more outages. 

Many of the units were installed 

in contaminated areas and the life 
of those which failed was dependent 
on the amount of contamination. 

The fact that the horizontal units 
performed better than those in sus- 

pension, seems to support the 
theory that insulators in horizontal 

strings perform better in contamin- 
ated areas than do those in vertical 

strings. The life ranged from several 
months to 6 years for those units 
which failed; the mean life approxi- 
mated 2 years. The operating volt- 

ages of the installations were 69 kV, 

115 kV, and 138 kV. 

Epoxy-fiberglass rod 

The other major category of plas- 
tic. and fiberglass insulation report- 
ed on by the companies answering 
the survey was the epoxy-fiberglass 
rod in series with porcelain or. 

toughened glass insulators. The 
voltage range of these installations 

‘was from 23 kV to 230 kV. 

There were 20 different installa- 
tions of this type of insulation; four 

of these had unsuccessful operating 
records and 15 were reported to be 
operating satisfactorily. One instal- 
lation included in the table of un- 

successful operations was not having 
problems but was included in that 
table because the units had been 
removed from service and the re- 

porting company did not plan to 
use this type of unit in the future. 

The four installations having 

problems consisted of a total of 

1454 units installed at voltages of 

115 kV and 138 kV. The 
(Continued on page 99) 
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CHARACTERISTICS OF FIBERGLASS AND 

POLYMER INSULATION 

Edward S. Wheeler 
Manager-Engineering 

Insulator Products Dept. 

General Electric Company 
Baltimore, Maryland 

A Paper Presented at the 

Southeastern Electric Exchange 
April, 1971 Meeting 
Jung Hotel 
New Orleans, Louisiana 



A COMPARISON OF GENERAL ELECTRIC'S GEPOL INSULATOR AND A. B. CHANCE'S EPOXILATOR 

INTRODUCTION 

Following a 13. year development program on plastic insulators for outdoor 

use at high voltages, the General Electric Company introduced its 15 KV Gepol 

strain insulator in February 1967. It was the first pepe tony? — 

plastic outdoor insulator in the world; more than 60,000 were ete t0 about 

400 utilities Shohnsat’ 3-1/2 years. a a to introduction there were 

two changes aesel in 1968. 

In mid-1970 the A. B. Chance Company announced the commercial availability 

of a 15 KV plastic strain insulator, which it named the Epoxilator. The out- 

ward appearance of the product is very similar to the first version of the 15 KV 

Gepol. | pLer | 

By late 1970 we were able to-obtain published characteristics of the 

Epoxilator, as well as: commercially purchased units for test.. Our planned test 

program covered mechanical, electrical, analytical, and other physical ‘character- 

istics, based upon the applicable standards for porcelain distribution insula- 

tors. as well as properties we have found pertinent to plastic insulators. 

PUBLISHED CHARACTERISTICS 
The published characteristics for strain 15 KV Gepol insulators, Epoxila- 

tors, and code S Fequiréments are shown in’ Table I. jth ae 

TABLE 1 

PUBLISHED CHARACTERISTICS 
lil dada Required for General Electric... A.B. Chance 

| ___Property Nanton fi KV ~ ASS ESE fs _____ GEPOL _ EPOXILATOR 

Catalog Number ee - 10P012 "6654-0000 

MEE, fs. salad “105000 10,000 

Test, (ibs. nant 5,000 5,000 
Leakage, Distance, In, = © 12. a aa 

60 H, Flashover, Dry, KV an 80 a 100 

60 H, Flashover, Wet, KV | ca 75 75 
Impulse Flashover, Positive, KV | 130 ~ 150 140 

Impulse Flashover, Negative, KV 155 175 180 

60 H, Positive, KV 115 150 “= 
RIV @ 15 KV, IMH,, yWV Max. = = 100 - 2 
en bo y 3-1/4 1-3/4 

ee 5 Ba nad 
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GEPOL Insulators: 

New Levels of Performance, 

Electrically and Mechanically 
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RODURFLEX- ~RODURFLEX Plastics | 
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A NON-PORCELAIN INSULATOR 
FOR TOMORROW'S CONSTRUCTION 

Recent Materials Developments Make 

Lightweight Transmission Insulators Feasible 

By 

J. W. Elrod, EHV Application Engineer 

H. G. Menzel, Marketing Manager 

The Ohio Brass Company 

INTRODUCTION — THE NEED 

When the first 765-kv transmission lines were constructed the total weight of the 
insulator system became a significant factor in the mechanical design of the 
supporting structures. A quad-bundle tangent tower commonly used close to two 
tons of insulators. A deadend tower often used eight to nine tons of porcelain along 
with multi-string connecting hardware. 

The next transmission level of approximately 1100-1200-kv can easily require 
six to eight tons of insulators and hardware per tangent tower. This dead weight 
required to support a multi-conductor UHV system is costly to install, expensive to 
support and introduces construction and maintenance problems. 

Porcelain is now and has been for decades the accepted standard for high 
voltage insulation. The weight-to-strength ratio of porcelain was entirely satisfactory 
at lower transmission voltage levels. When the EHV level became a reality, a serious 

_ review was made of the multiple strings and the resulting strength-to-weight ratio 
requirements. This study clearly indicated that lighter weight and less complicated 

- conductor support systems were not any desirable but were necessary for 
UHV construction. 

Electrical insulation for overhead lines is provided by the surrounding air. The 
insulators maintain the necessary air flashover distance. The electrical function of an 
insulator is fulfilled if it does not become conducting under any conditions. 
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MAIN OFFICE 
CABLE : NGKINSULATOR 

NAGOYA MIZUHO, NAGOYA, JAPAN. 
TELEX : NGK J59928 

TOKYO OFFICE 

NO. 20 MORI BLDG. 

NISHISHINBASHI 2°-CHOME 

MINATOKU, TOKYO, JAPAN 

CABLE : NGKINSULATOR 

TOKYO \ December .1 ‘1a. 4o'75 

Mr. B.E. Kingsbury 

TELEX : NGKTOK J24250 | 

Vice President -Engineer ing f ¢ A OR . 

LOCKE INSULATORS, INC. ee ee 
225 Insulator Drive en om 

Dear Bruce: 

Subject: Non-Ceramic Insulators W.G. 

Thank you for your letter of October 13, 19°75 which enclosed the 
minutes of the two IEEE Working Groups on Non-Ceramic Insulators and 
Contamination, 

Non-ceramic (polymer) outdoor insulators have long been the subject 
of top importance in our research and development programs, As you 
are well aware, the work covers a very wide range of study and re- 
quires patient tests and trials of many years. We have not yet reached 
any conclusive results on materials, designs or test methods to be 
applied to the polymer outdoor insulators. 

I will try my best to outline for you our thinking and works presently 
underway on these insulators, 

1. We think chat the prospect of these insulators exists in two differ - 
ent areas of application. The one is the application where a very 
high mechanical strength is required, because of its easiness to 
attain such a strength with comparatively light weight, 
The other relates to a special structural application, taking an 
advantage of its easiness to design long structural members of small 
diameter, light weight and high strength. 

é.cThe long term, reliability.,; life:.and»costé are: the: dectsive: factors 
in evaluating these insulators, At present, no one expects that 
these insulators has a perpetual life a life equivalent to that of 
existing ceramic insulators. Also, the environmental and applica- 
tion conditions are far more influential in the life of these 
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Gentleman ;: 

Enclosed please find a Paper "A Contribution Kegarding Mechanical 

Rating of Non-Ceramic Composite Longrod insulators'!. 

This paper will be discussed on the occasion of the Portland 

Meeting on 19th duly, 1976, as decided during our Winter Meeting. 

Very truly yours, 

1976 



SUSPENSION INSULATORS © 

Hi*Lite published mechanical values inaugurate a new system 
of strength ratings stated as MAXIMUM DESIGN TENSION. The 
insulator may be worked at any mechanical load up to the 

maximum design tension shown below and on the nameplate. 

Figure 1 Figure 2 : Figure 3 Figure 4 
TUCO ta, 928,000 Lbs.. - 40,000 Lbs. 80,000 Lbs. 
Maximum | Maximum ~ Maximum Maximum 

Design a ~~ Design Design | Design 

ee Tension Tension ° Tension Tension 

ged DIA 579 / 9 7, “y / “¢ 

NOTE: In Figures 1 and 2, an eye simitar to top connection 

may be substituted for the ball when specified. 

| | | = . - | 

MAX DEStEN TENSIEM = A yt ¢ oF CommeTE Asse CA 
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can be attributed to the measuring-cable changes rather than to components. Solid dielectric 

cables were less affected by pulses than the composite air-plus-type cable. 

Adams**° presented data on the evaluation of insulated wires and cables under simu- 

lated space conditions (including the lunar environment). Reduction in weight and size is 

a primary target of this wire- and cable-development activity. In many applications, Signal 

leads constitute the bulk of the hook-up wire used. AWG #32 copper wire is adequate, based 

on electrical requirements, but mechanical considerations dictate the use of AWG #24. New 

alloys of copper with zirconium and cadmium show promise of increasing the durability with 

little sacrifice in resistance. Another approach to the mechanical strength problem would 

be to fuse the wires into a monolithic structure as in present flat and contour cables. In 

general, TFE-insulated wire is best for all-around use in aerospace, but where outgassing 

or flammability are not problems, irradiated polyethylene could be used. 

Klein and Scheiber calculated the pressure differences for the insulation of an 

oil-filled pressure cable with fluted sheath, and the results were compared with those in a 

cable with a smooth sieath. 

Erskine, Ricks, and Rudat +? described the experience of the British Electricity 

Board with plastic-insulated cables for low-voltage distribution. Milne, Bates, and 

Gorham 5 reported on extensive trials the Electricity Board made on low- and medium-voltage, 

plastic-insulated-mains cables and on the limited trials with high-voltage, plastic-insulated- 

mains cables. Some of the methods used in the application of accessories were tried to 

simplify jointing procedure. 

Stutzltt discussed the replacement of cable-distribution-steel cabinets by rein- 

forced-fiber-glass houses. 

115 
Neher gave several families of curves, developed on a digital cumputer, which 

help determine the transient temperature rise of a buried-cable system. 

V. Capacitors, Switchgear, and Insulators 

Tae reviewed the application requirements for de filter and energy-storage 

capacitors. 

Lengyel and evar measured the electrical conductivity of thin, oil-impregnated, 

paper-insulated capacitors at high-electric fields as a function of temperature and voltage. 

They developed a theory which gave the approximate determination of the mobility of the 

charge carriers, assuming that the dominant part of the conduction in the oil takes place 

by means of ions. 

118 | 
Wehe and McMahon described the development of a low-loss, polycarbonate- 

stripped-film capacitor. Its advantages are that it has low loss, approaching polystyrene, 

but is much smaller in size, and less sensitive to temperature, with an operating range be- 

tween at least -78° and 125°C. The capacitors are "self-healing" and have long life under 

adverse conditions of temperature and voltage. An example of the size of one such hermeti- 

cally sealed capacitor is .075 cubic inches in volume and 1/10 oz. in weight. 

119 Johnston related the experience of an explosion of flammable gases which oc- 

curred in August 1962 in a 161-kv oil circuit-breaker at the Oak Ridge gaseous-diffusion 

plant. He cites this as an example of flammable gases which might be produced by the decom- 

position of solid insulation and insulating oil as a result of faults in-electrical equipment. 

Kane and Scletacer’ == described a- single-tank circuit-breaker, using SF, as. the 

int verrupting medium, and abbot tan test. BR OSeaeEee. used..in life testing, voltage testing, 

and interruption testing. — easamemaiea ay : aaa eS Manne ms en 
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Test Proves Silicone Okay For HVDC insulators 
_The Los Angeles Department of 
Water and Power has been testing a 
silicone compound on its HVDC 
transmission line. The tower for the 
test is about one mile from the Syl- 
mar Converter Station and part of 
the 845-mile-long Pacific Intertie 
HVDC transmission line. 

_ Although Sylmar is not considered 
an area of heavy contamination the 

e insulators of the HVDC line collect 

i Industry Developments 
particles and become dirty faster 
than the insulators on the com- 
parable ac transmission lines. The. 
particulate problem is aggravated by 
fog or nightly moisture condensation 
which makes the pollutant-soluble 
particles conductive and allows a 
leakage current over the insulator 
strings. | C ® 

It is believed that some of. the 
particulates are organic pollutants 

Hydro-Quebec’ recently installed 
240 synthetic insulators on 40 of the 
towers on the 735-kv transmission 
line between Laurentides and Levis 
‘Substations, near Quebec City. 

Using these new insulators on a 
transmission line exposed to severe 
weather marks the final phase of a - 

_ test program undertaken in 1973. In 
the coming year, the utility expects 
to verify advantages of the new in- 
Sulators ascertained in the labora- 
tory. | Ey ae 

The synthetic insulator is made of 
. a fiber-glass rod encased in polymer 

_ Synthetic Insulators Used on 735-ky Line 
to form a single unit. The synthetic 
insulators are said to weigh less than 
porcelain insulators and possess su- 
perior mechanical: and electrical 
characteristics. For example, the 
equivalent synthetic insulation for 
two strings of conventional in- 
sulators weighing 548 kilograms is a 
Single unit weighing only 32 kilo-- 
grams. The new insulators also pro- 
vide equal mechanical strength and 

Cost less. A single unit of synthetic 
insulators has a diameter of only 13 
centimeters, compared with 30 cen- 
timeters for each string of insulators. 

. A 

ed 
On Hydro-Quebec’s 735-ky transmission lines a single element synthetic insulator weighing only 32 kilograms may replace two-string porcelain insulators (right) weighing 548 kilograms. 

12 | 

from vehicle exhausts on nearby 
freeways and that smog carries other | 
pollutants from industrial facilities 
that are up-to 60 miles away. — 

_ The Department tests were to de- 

A 60-day insulator wash schedule is used 
on this. tower in the 15-mile section of 
HVDC transmission line in Sylmar. Los 
Angeles Department of Water and Power 
selected the tower for long-term tests of 

_silicone-coated insulator strings. 

termine the approximate length of 
time that the compound could be. . 
expected to prevent insulator flash- 
over. | | te 

~ Dow Corning 3099 high voltage 
insulator compound was hand-ap- 
plied. in a nominal %- to “4 -inch 
thickness on glazéd porcelain sus- 
pension insulators in each. of two 
strings. ee eae” 

After a 3-year test period, the high 
Voltage silicone insulator compound 
had successfully protected the 
HVDC insulators. from flashover, 
The compound was still hydropho-. . 
bic, i.e., water would still bead up on 
its surface, but the compound had 
developed on the top side of the . 
insulators a firm surface layer which 
no longer encapsulated atmospheric 
particles. : = 
A major factor still to be de- 

termined is the difference in cost 
between washing the - insulator 
strings every 60 days and the cost of 
applying the silicone compound to 
each of the strings. 

December 1977 



‘April 1, 1971 

CC: Manager-Manufacturing 

Manager-Quality Control 
Manager- Planning 

Dear Sirs: 

In reference to the ultimate goal of improving the operation and 

output of the GB-4 glaze machine, we have checked the glaze thickness 

of fifty Magnavalves -- twenty-five pieces picked at. random from two 

cars dated March 15, 1971 and March 22, 1971 respectively. Four areas 

on each piece were checked using our Cea aaiiiincd Hand Optical 

Reticle Comparitor. From the data generated, a computer program. was 

written, The results of this program indicate Wut. the GB-4 machine 

is capable of maintaining a glaze thickness within statistical limits, 

Of the four areas checked, only one failed to stay within statistical 

limits. | 

Now that we have tentatively peesn:ié ie capability of the machine, 

the one area that shifted makes it apparent that there are some functions 

requiring more ‘study before MSNs covering corrective action by the 

operator can be written. The data indicates that one or mort of the 

glaze guns covering top area of the Magnavalve’ either physically 

shifted in direction, or the rate of flow of glaze in these same guns 

changed. Insofar as the gun fixtures are concerned, I recommend that 

adjustments in elevation and transverse motion be made, to be fixed in 

direction gehen optimum position. is determined. . A number of. things could 

cause the rate of flow of elaze to change, such ds: 

os Gun stopped up by 

| Be particles of hard glaze 

b. pieces of foreign material 



Rerii:1, 1971 

CC; Manager-Manufacturing 

Manager-Quality Control 
Manager-Planning 

Dear Sirs: 

In reference to the ultimate goal of improving the operation and 

output of the GB-4 glaze machine, we have checked the glaze thickness 

of fifty Magnavalves =-- twenty-five pieces picked at. random from two 

cars dated March 15, 1971 and March 22, 1971 respectively. Four areas 

on each piece were checked using our newly acquired Hand Optical 

Reticle Comparitor. From the data generated, a computer program was 

written. The results of this program indicate that the GB-4 machine 

is capable of maintaining a glaze thickness within statistical limits, 

Of the four areas checked, only one failed to stay within statistical 

limits. 

Now Gigs we have tentatively chuieenuihe earahility of the machine, 

the one area that shifted makes it apparent that there are some functions 

requiring more study before MSNs covering corrective action by the 

operator can be written. The data indicates that one or more of the 

glaze guns covering the top area of the Magnavalve either physically 

shifted in direction, or the rate of flow of glaze in these same guns 

changed, Insofar as the gun fixtures are concerned, I recommend that 

adjustments in elevation and transverse motion be made, to be fixed in 

direction after optimum position is jeneeniaed, A number of things could 

cause the rate of flow of glaze to change, such as: 

a Gun stopped up by | 

a. particles of hard glaze 

b. pieces of foreign material 
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QUALITY CONTROL 
By J. M. JURAN 

ASSISTANT TO THE ADMINISTRATOR, FOREIGN ECONOMIC ADMINISTRATION, WASHINGTON, D.C. MEMBER AS.M.E. 

product to be made. This specification is a piece of 
industrial legislation, drafted by the design engineers, 

who are the legislators of the industrial world. The making of 
products to conform to this legislation is the joint responsi- 

Q/[ lreeiice to ve: begins with a specification of the 

ilicy of che manufacturing engineers and factory personnel who 
Wp llectively constitute the executive branch of the industrial 

“world. The inspectors perform the judicial function of the 
industrial world. They compare the product with the speci- 
fications to see whether there is conformance. The cycle is 
completed when the inspection data are used by the design 
engineers for design modification. 

While these three functions of specification, operation, and 
inspection are clearly separable, they must be co-ordinated if 
the conformance of product with specification is to be achieved 
at minimum cost. Conformance of product with specification 
can be achieved even when functional lines are too tightly 

drawn. However, overfunctionalization increases the cost of 
“securing conformance. Only through co-ordination of these 
three functions can minimum cost of conformance be achieved. 

THE INSPECTION ACT AND THE PURPOSES OF INSPECTION 

The management tool which we have come to know as 
“quality control"’ can make an important contribution toward 
achieving this co-ordination between specification, Operation, 
and inspection. But what do we mean by inspection? Actu- 
ally there are four different purposes which can be served by 
what we call ‘‘inspection."’ Yet the steps followed by the 
‘inspector ‘‘at the bench" are basically unvarying, no matter 
what the purpose of the inspection he performs. In all cases, 
the inspector functions as follows: (4) Interprets the specifica- 
tion; (4) measures the product; (c) compares the product with 
the specification; (d) judges conformance; (e) disposes of the 
product; (f) records the resultant data. This series of steps we 
shall call the ‘‘inspection act.”’ 
While the inspection act is fundamental to all inspection, the purposes served by inspection can be classified into four basic 

groups: 
j ae Sampling. This is an inspection on a sampling 0 distinguish acceptable lots of product from non- acsmable lots. Acceptance sampling has.for its Primary pur- pose the grading of lots of product. The data obtained are incidental, but can often be put to effective use. 

Here the purpose of the inspection act is to obtain data which 
can Pree basis of management control. Any grading or 
sorting of product is incidental. 
pn eh Sorting. This is a manufacturing operation which 

has the outward appearance of a detail inspection. The pur- 
, pose is to sort good pieces from bad. The necessity for the 
’sorting arises from the fact that the manufacturing process de- 
livers defective pieces to an extent too great to permit accept- 
ance on a sampling basis. The question of god or poor 
performance on the part of the operators is not present. For 
example, the final performance test of a transformer or a genera- 
tor is an operational sorting. The various operators cannot 
know whether their collective efforts have resulted in a finished 
product which meets the tests. 

Corrective Sorting. This is also a sorting of the product bur 
arises from the fact that through failure on the part of the 
operators the product contains defects to an extent too great 
for acceptance on a sampling basis. For example, a detail in- 
spection for adjustment is necessary only if the operators fail 
to adjust properly. In such cases the operators are equipped 
with a full complement of gages, and so forth. They must 
themselves test to see whether the product is adjusted, for 
without such test they do not know when to stop adjusting. 

Corrective sorting is, for the most part, a ‘‘needless’’ loss. 
In many shops it is confused with operational sorting and 
permitted to go on year after year. Furthermore, existence of 
such sorting is a symptom of an even greater loss—the loss of 
material plus the time to make good the defectives. 

HOMOGENEITY THROUGH MIXTURE AND THROUGH COMMON ORIGIN 

In mass production the product can be considered as a stream 
emerging from the creating source. This stream may be a true 
stream of liquid or gas, or it may be a continuous solid like an 
extrusion, or it may be a series of discrete pieces. No matter 
which of these forms the product takes, there are impinging 
upon cach element of the product, at the time of its creation, 
the numerous variables in the process. The final characteristics 
of the product are the result of the combined effect of these 
variables. 

In many cases there is close relation between inspection of 
product in fluid or continuous form and inspection of product 
in discrete pieces. For example, measurement of a coil of cold- 
heading wire for diameter presents much the same problem as 
the subsequent measurement, for diameter, of the screw blanks 
cut from that coil of wire. The measurement, for thickness, of 
a load of spring-steel sheets is a problem much like that of 

Control Sampling. This is an inspection on a sampling basis, 
| eo the purpose of securing data for exercising control. Sam- ° \ ingtor ‘ | 7 4 Pa egulate the manufacturing Process, to rate quality of citer , 1 Hes quality performance of Operators, or to measure 7 Scy Of inspectors are all instances of control sampling ’ Derived from 7 

nepersios and Qual 
pe ald Bros., New York, N. Y., in the fall of 1944 o y om this book see ‘‘Management Proble f Me € gs junction,” Pewee, > Tal oO : ttn tae angen Popes faede Bf: Pe 19 3, PP. 805-808, unction,’’ MecHanicar NGINEERING, vol. 65 ontributed 

; Annual Mectin,? adh “nagement Division and Presented at the Semi- Socigty oF Mecuany urgh, Pa., June 19-22, 1944, of Tue AMERICAN 

Ontrol Sampling,”’ chapter 6 of pe inagement of J lished by 

jointed solid, to consider all product as consisting of a stream 
flowing from the creating origin. The validity of this concept #s in the existence of a reservoir or process which can pour out 

CAL ENGINngEgRs. 
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THE ELECTRICAL PERFORMANCE OF CERAMIC DIELECTRICS 

AT ELEVATED TEMPERATURES 

- 9000.2 

It is well known that the electrical resistance of most of the commonly. 
used insulating materials diminishes with increasing temperature. The actual 
performance of ceramic insulating materials at temperatures above the normal 
atmospheric level, and the factors affecting the ultimate breakdown at these tenie~ 
peratures, has not been the subject of much investigation. Recent requirements 
for insulators to operate at high temperatures and high voltages have indicated 
the need for such informaticn. : : 

Apparatus and Method. 

—*iTt was necessary to provide a suiteble test chamber in which the speci- 
mens could be mounted and held at any desired temperature while voltage was applied. 
Accordingly, a thermally insulated box or furnace was built.’ The electrical heat- 
ing elements in the back of the box were separated from the test chamber by a one 
inch thick thermally insulating partition in order to prevent direct heating of the. 
specimens by radiant beat. The heated air was circulated by means of a fan thru 
ports at each end of the test chamber. The fan also served to maintain air turbul- - 
ence in the test chember and thus prevent stratification. Temperature measurements 

_ were by commercial gas thermometer an 
ing any desired temperature between minus 100 degrees Fabrenheit and 1000 degrees 

a automatic coutrols were provided for hold- 

Fahrenheit. With this arrangement temperatures could be held within five degrees: 
uhrenhelt of the desired level. Provision was also made for removing the heating 
elements from the back of the box and substituting racks of dry ice in order to _ hs 

 abtain low temperatures. 

pt Most of the tests were made with d-c voltage in order to eliminate the 
difficulty of separating conduction currents from charging currents. The voltage 
source was 4 full wave high voltage kenetron rectifier with suitable capacitors . 
for the elimination of the sixty cycle pulse. 

Aad The dec voltages were measured by means of @ suitable known resistance 
connected in series with a microanmeter, 7 | i 

Most of the test specimens were prepared in the form of plates of var>_ 
ious thicknesses. Some specimens were made from standard suspension insulator 

_ Shells using the head section, ground down to the desired thickness, as the test. 
APCS. » ei | S43 PG iat ) Can ee 

Electrodes of circular shapes were applied to the. opposite sides of each 
ys test specimen. Guard rings were also provided to eliminate the effect of surface 
_ beakage end corona, and to preserve @ more nearly uniform field thru the test gone. The electrodes and guard rings were of silver ceramically bonded to the supface of 

the dielectric to avoid entrapped air between the dielectric and its electrode. — 
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DISCUSSION SHEET - FOLD AND PLACE WITH LESSON 9FR | 
There are several places in this lesson where the material is presented in a way that is a decided de- ° parture from the conventional manner. For example, we teach you that electromagnetic induction from the primary to the secondary of a transformer is the result of changing flux linkages. While engineers have been talking in terms of flux linkages for years, writers of text books in general have stuck to the old manner of speaking and they talk about conductors cutting lines of force. 

Of course we mention this too, but the idea we want you to have after Studying th.s lesson is that changes in flux linkages are responsible for all induced e.m.f.'s. This is all brought out Clearly in Figs. 2, 5, 4 and 5. You will notice that we can Change the flux linkages in Several ways — by moving one of the coils within the other, by moving the larger coil, or by Causing the current flowing through one coil to change in magnitude. In any case, there is motion. 

Now refer to Fig. 4c. There should of course be a battery in the buzzer Circuit. When the switch is | closed the buzzer will alternately close and Open the circuit and cause the flux about the larger coil to increase and decrease. As the flux moves up and down, its linkages with the smaller coil change and an alternating voltage is induced in the smaller coil. 

On page 4 there is a misprint. In the Sixth line starting with the last word, change to "The second coil has 100 magnetic lines of force threading through it when maximum current flows in the first e.3 8 whe On page 6 in the tenth line, we Speak of the plate of a tube as a source of @.m.h.. You widl ofteniace a& vacuum tube referred to as a generator of e.m.f. and as the output of the tube is considered as the plate current, the meaning of the sentence will be perfectly clear. 

In the seventh line of page 7, change to "lines L543 Sane 2.7: HF course, "4" in the next line Should be omitted. 

Near the bottom of.the same page we talk about a complete magnetic circuit. Figure 6b Will make clear what is meant. The iron core on which the windings are placed, is closed and the flux can flow right around it, just as current flows ina complete circuit. 

fn the fourth line of page 9, the statement is made that "The power must be the same." This is true only if there are no losses present in the core. However, there are always some losses so that the Output power is always less than the input power. The important thing is that it can't be greater. 
On the next page, change 100 in the third and fifth lines to 110 and in the fourth line Change 11.5 to 13.6 turns, 

The letter L in the fourth line of page 12 refers to the total inductance, including the inductance 

On page 15, cross out the whole third Sentence under the illustration. 

In the eighth line from the bottom of page 19, the printer left out part of the Sentence. It should 
read, "But capacitive reactance Shifts phase in a direction opposite to the Shift caused by inductive reactance." 

On page 24 you will notice the abbreviation pf used twice. This is the same as mfd. In your general 
reading you will find microfarad abbreviated both wayS. On page 28, line fifteen, Fig. C refers to Pigs elt, 

J. A. Dowie, Chief Instructor, 
National Radio Institute, 
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MIL-R-1149A 

AMENDMENT - 2 

9 June 1961 

SUPERSEDING 

Amendment - l 

20 May 1958 

MILITARY SPECIFICATION | 

RUBBER SHEETS, STRIPS, AND GASKETS; 

SOLID, SYNTHETIC, MEDIUM AND MEDIUM HARD 

This amendment, which forms a part of Military Specification MIL-R- 

1149A, 9 April 1956, has been approved by the Department of Defense and is 

mandatory for use by the Departments of the Army, the Navy and the Air 

Force. 

Page 3, paragraph 3.6.1: Delete and substitute: 

; "3.6.1 The hardness of the synthetic rubber shall have indentation 

values within the following ranges. The approximate shore ''Al' durometer 

values are included for convenient reference. 

Hardness, all classes. 

| Thickness |— on | eter 

“ 7! 1? 7 t? 

oS | Indentation Shore: ¥ Indentation chores | 
| : | | durometer | durometer 

| Inch | Millimeters | Millimeters ; 

1/4 Pie sae A7 - 56 | 0.66-0.96 | 62 - 72 

| 5/16 1,14 - 1], 44 47 += 55 ~68 - .98 | og eee B's 

| 3/8 1.16 - 1.46 46 = 55 . 68 - - 98 61 - 72 : 

7/16 1.18 - 1.48 45 - 54 ~70 - 1.00 | 60 - 71 

peat {2 1.20 - 1.50 45 2.53 | ,70'= 1,00. [60 =! 7ks | 

Page 3, paragraph 3.6.2.4: Delete. 

Page 3, paragraph 4.1.2, line 2: Delete "inspection'’ and substitute 

"examination", 

Page 3, paragraph 4:1.2.1, first sentence: Delete and substitute: ''For 
the examination specified in-4.2.1, respresentative samples shall be selected 

from different portions of each lot in accordance with table III." 

| FSC 5330 



MIL-R-1149A 
9 APRIL 1956 

SUPERSEDING 

JAN—-R-1149 

27 JUNE 1949 

MILITARY SPECIFICATION 

RUBBER SHEETS, STRIPS, AND GASKETS: SOLID. 
SYNTHETIC, MEDIUM AND MEDIUM HARD» 

This specification has been approved by the Department of Defense and is man- 
datory for use by the Departments of the Army, the Navy, and the Air Force. 

1. SCOPE 

1.1 Seope.—This specification covers syn- 
thetic rubber compounds for medium and 
medium hard synthetic rubber gaskets ex- 
cept for hatches, airports, and watertight 
and airtight doors for shipboard use. 

1.2 Classification.—Synthetic rubber shall 
be of the following types and classes as speci- 
fied (see 6.1): 

Type I—Medium. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 
mer product of isobutylene 
and isoprene. 

Class 5—Compound utilizing a copoly- 
mer product of butadiene and 
acrylonitrile nitrile of the 
basic material. 

Type II—Medium Hard. 

Class 1—Compound utilizing polymer- 
ized chloroprene as the basic 
material. 

Class 2—Compound utilizing a copoly- 
mer product of butadiene and 
styrene as the basic material. 

Class 3—Compound utilizing a copoly- 
: mer product of isobutylene 

and isoprene. , 

Class 5—Compound utilizing a copoly- 

mer product of butadiene and 

acrylonitrile nitrile of the | 
basic material. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications and stand- 

ards, of the issue in effect on date of invita- 

tion for bids, form a part of this specification: 

SPECIFICATIONS 

FEDERAL 

NN-B-591 —Boxes, Fiberboard, 

Wood-Cleated (for 

Domestic Shipment). 

NN-—B-621 —Boxes, Wood, Nailed 

and Lock Corner. 

LLL—-B-631 —Boxes; Fiber, Corru- 

gated (for Domestic 
Shipment). | 

LLL-B-636 —Boxes, Fiber, Solid (for 

Domestic Shipment). 

PPP-B-601 —Boxes, Wood-Cleated- 
Plywood. — 

PPP-B-585 —Boxes; Wood, Wire- 
bound. 

FED. SUP. CLASS. | 
5330, 9320 



MIL-B-16540A (Wep) 

24, May 1961 
a 

Superseding 

MIL-E-16540 (BuOrd) 

17 August 1951 

MILITARY SPECIFICATION 

BRONZE, PHOSPHOR: CASTINGS 

This specification has been approved by the 

Bureau of Naval Weapons, Department of the Navy 

ie. SCOPE 

1.1 Scope. - This specification covers phosphor bronze 

sand castings containing a controlled lead content. 

1.2 Classification. - Phosphor bronze castings covered 

by this specification shall be of the following grades 

(see 6.2): 

Grade A 

Grade B 

1.3 Condition. - Phosphor bronze castings shall be fur- 

nished in the "as cast" condition. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications, standards and publica- 

tions, of the issue in effect on date of invitation for 

bids, form a part of this specification to the extent 

specified herein: 

SPECIFICATIONS 

FEDERAL 

PPP-B-535 - Boxes, Wood, Wirebound. 

PPP-B-601 - Boxes, Wood, Cleated-Plywood. 

PPP-B-621 - Boxes, Wood, Nailed and Lock-Corner. 

MILITARY | w 

MIL-C-132 - Crate, Wood, Open; Maximum Capacity 

2,500 Pounds. 
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QQ-B-637 
APRIL 10, 196] _ 
SUPERSEDING 
Fed. Spec. QQ-—N--35 
October 23, 1957 
(See section 6) _ 

FEDERAL SPECIFICATION 

BRASS, NAVAL: ROD, WIRE, SHAPES, FORGINGS, AND FLAT PRODUCTS WITH FINISHED EDGES 
(BAR, FLAT WIRE, AND STRIP) 

This specification was approved b 
tce, General Services Administra 

1. SCOPE AND CLASSIFICATION 

1.1 Scope. This Specification covers leaded 
and nonleaded naval-brass rod, wire, shapes, 
forgings, and flat products with finished edges 
(flat wire, strip, and bar). 

1.2 Classification. 

1.2.1 Compositions. The naval brass cov- ered by this specification shall be furnished in the compositions shown in table I. Unless 
otherwise specified in the contract or order, 
composition 1 shall be furnished. 

1.2.2 Forms and tempers. The naval brass covered by this specification shall be fur- nished in the following forms and tempers, 48 specified (see 6.2) : 

Form Temper 

Bar and rod As extruded 
Soft 

Cold-heading 

Half-hard or light 
annealed 

Hard 

570403/61/302 

y the Commissioner, Federal Supply Serv- 
tion, for the use of all Federal agencies. 

Wire Soft 
Cold-heading 
Half-hard or light 

annealed 
Hard 

Strip and flat Soft 
wire Half-hard 

Hard 

Shapes As extruded 
Soft 

Drawn 

As forged 

When temper is not specified, rod, wire, and 
flat products (flat wire, strip, and bar) shall 
be furnished in the half-hard temper. Round rod over 14 inch in diameter may be fur- 
nished as standard shafting; round rod over 
1 inch in. diameter may be furnished for 
special shafting (see 6.2). Shafting is avail- able with or without piston finish (see 3.6). 

Forgings 

2. APPLICABLE SPECIFICATIONS, STANDARDS, AND OTHER PUBLICA- 
TIONS 

2.1 Specifications and standards. The fol- lowing Specifications and standards of the 

1 

FSC 9525 

9530 
9535 
9540 
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Maintaining 

SCIENTIFIC TOLERANCES 

by INSPECTION 
By WILLIAM B. RICE 

DEPARTMENT OF STATISTICS AND REPORTS, PLOMB TOOL COMPANY, LOS ANGELES, CALIP. 

LLOWING in the footsteps of Shewhart (1),' Simon 

(2), Wilks (3), and others, the author suggested in a recent 
article (4) that design tolerances for manufactured prod- 

ucts be determined from factual data, analyzed statistically as 
to: 

(a) The characteristics required by users of the products. 
(6) The characteristics of the manufacturing process by which 

the products are made. 
When it has been determined that the process is capable of 

producing, at a satisfactory cost, a product which meets con- 
sumer requirements, the next problem is how to hold the proc- 
ess at the desired level. This is basically an inspection prob- 
lem. 

Before the manufacturer's inspection can succeed in main- 
taining the charactcristics he wants in his product, three re- 
quirements must be met: 

1 Th@ manufacturer needs to know that his process can be 
dependedl ‘upon, that no unpredictable changes occur during 
production, that he is actually producing what he intends to 
produce. These requirements can be met only with a statis- 
tically controlled process, as evidenced by the use of quality- 
control charts (5). 

2 The manufacturer needs to know that his specifications 
are practical and profitable, that they will mect consumer de- 
mands at a profit to him. A method of meeting this require- 
ment was suggested in the author's previous article (4). 

3 The manufacturer needs to know that his inspection pro- 
cedures are adequate, that from his inspection records he can 
draw sound and correct conclusions about that part of his prod- 
uct which he does not inspect, in order to be sure that the first 
and second requirements are being met. 

This third requirement is the subject of the present article. 

CONCEPTS INVOLVED 

Before proceeding with the discussion it seems advisable to 
give a brief summary of the concepts involved in setting toler- 
ances by statistical methods: 

1 Recognition that all things va d iabili ry and that variability can 
best be analyzed with statistical techniques, Tolerances should therefore be expressed in statistical terms, such as X ™ #¢, rather than in absolute dimensions such as A, B. 2 Recognition that, in gencral, notolerance limits can be set =e hy oi include all pieces produced; that is, toler- & 

4 
i. a 7 — * 

ry o considered as Probability limits, not absolute 
3 Recognition that tolerance limi i 

. mits vary in strictn pending upon the Seriousness of out-of-tolerance ————. 
“ts = be permitted for minor defects , cr words, specifications may be the value of 3 being different for each 

* Numbers in paper Parentheses refer to the Bibliography at the end of che 

Written X ot. te, X—p'e, 
We ese ee 

168 

type of defect; larger for. more serious than for less serious de- 

In the author's previous article (4), an illustration was given 
of the torque required for an open-end wrench; a “consumer 

tolerance of 1500 in-lb, a capable of holding 2100 in- 

Ib and a design specification of 2000 in-Ib, which the process 

was able to mect and which gave a 33'/, per cent margia of 
safety over the consumer requirement. 
How should inspection be set up so as to be sure that the 

wrenches produced are satisfactory? Several possible methods 
present | themselves. Torque tests could be made on every 
wrench, i.e., 100 per cent inspection; however, such inspection 
would be not only expensive but also inefficient because unneces- 
sary. With a 33'/, per cent margin Of safety, an occasional 
failure below the 2000-in-lb specification could be permitted. 

Alternatively, sample torque tests could be performed. As- 
suming lots of 5000 wrenches, with 0.5 per cent defective per- 
mitted, the sample would have to be about 1000 pieces out of 
each lot (6). Such an inspection plan would still be quite ex- 
pensive and would not give much information except to assure 
the desired quality level. 

Yet another method would be to apply destructive torque 
tests to a small sample from each lot of 5000 wrenches, the 
torque being increased until the wrench broke. In this case the 
sample would have to be quite small for reasons of economy, 
so small in face that sound judgments about the remaining 
wrenches could not be made on the basis of the single smal 
sample. | 

CONTROL-CHART INSPBCTION 

All the objectionable features of the meth posed can be avoided,| and practical certainty of 7 ws abana Loge loaehe: by eens the control-chart technique in 4 . iting Grom y Licut. Col, Simon at the Aberdeen 

Five wrenches from each 1000 ; the readings recorded on control ashes ee - css remains in “'statistical control” ar a.satisfactory level wg between 2100 and 2400 in-Ib), only a small sample of $0 rh need be raus-gb 9 ig tested for to sa tions in order to assure satisface ' ; Control charts can simplify a pie ig tl cedures in this way because, with a *“eantrolied*’ manufacturer can be sure that his production methods ing out a product with consistene characteristics, ; ‘agua only chance variations; he can be certain that no ws a a unexpected accidents are Producing erratic and unpredicts on results. Therefore, with this c ¢ and with ¢ sm revealed by his control ¢harts, he can safely wee — check test at final inspection. itdade, The design specifications for this wrench should be as to provide for the correct inspection = stance, the upper tolerance limit could 

a 

procedure. For in. 
be omitted, but the 

OSPection pro- 
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PREDICTION INTERVALS TO CONTAIN ALL FUTURE 

OBSERVATIONS FOR A REGRESSION MODEL 

by 

Gd, Elahn 

Information Sciences Laboratory 

Report No. 70-C-323 september 1970 
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Bey A SHORTEST TEST FOR COMPARING A SAMPLE WITH PREVIOUS 
: ACCELERATED TEST RESULTS 

by 

W.B. Nelson, Information Sciences Laboratory 

Report No, 70-C-090 February 1970 
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TWO TIME-SHARING PROGRAMS 

TO DEMONSTRATE MONTE CARLO ESTIMATION OF SYSTEM RELIABILITY 

| by 

Ge “Hahn 

Information Sciences Laboratory 

Report No, 66-C-416 November 1966 _ 
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by 
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December 21, 1965 meport No, -659-Cr112 
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RK Jrim ELECTRICAL PERFORMANCE OF CERAMIC DIELECTRICS 
AT ELEVATED TEME 

= 006 = 

Lt is well known that the electrical resistance of most of the commonly. used insulating materials diminishes with increasing temperature. The actual performance of ceramic insulating materials at temperatures above the normal atmospheric level, and the factors affecting the ultimate breakdown at these tem- peratures, has not been the subject of much investigation, Recent requirements for insulators to operate at high temperatures and high yoltages have indicated the need for such information, | ; sae ) 4 

Apparatus and Method. 

—~<It was necessary to provide a suitable test chamber in which the speci-_ mens could be mounted and held at any desired temperature while voltage was applied, — Accordingly, a thermally insulated box or furnace was built. The electrical heat- ing elements in the back of the box were separated from the test chamber by a ohe inch thick thermally insulating partition in order to prevent direct heating of the ‘Specimens by radiant heat. The heated air was clreulated by means of a fan thru  - ‘ports at each end of the test chamber. The fan also served to maintain air turbul- ence in the test chamber and thus prevent stratification. Temperature measurements were by commercial gas thermometer and automatic controls were provided for hold- ing any desired temperature between minus 100 degrees Fahrenheit and 1000. degrees | Fahrenheit. With this arrangement temperatures could be held within five degrees Fahrenheit of the desired level, Provision was also made for removing the heating elements from the back of the box and substituting racks of dry ice in order to abtain low temperatures. 

oh Most of the tests were made with G@=c voltage in order to eliminate the difficulty of separating conduction currents from charging currents, The voltage — source was @ full wave high voltage kenetron rectifier with suitable capacitors. — for the elimination of the sixty cycle pulse, ae SE ae grok 
‘a The dec voltages were measured by means of @ suitable known resistance (connected in series with a microanmeter, | 2 : : 

Most of the test specimens were prepared in the form of plates of var- | ious thicknesses, Some specimens were made from standard suspension insulator Shells using the head section, ground down to the desired thickness, as the test — prea. it re is fit i | Sat 8, ee ee 

Electrodes of circuler shapes were applied to the opposite sides of each _ test specimen. Guard rings were also provided to eliminate the effect of surface _ deakage and corona, and to. preserve @ more nearly uniform field thru the test zone. The electrodes and guard rings were of silver ceramically bonded to the surface of the dielectric to avoid entrapped air between the dielectric and its electrode, 
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Porcelain for High 

Voltage Insulators 

In this paper the mechanical failure of 
porcelain is discussed with special refer- 
ence to 3 seldom recognized character- 

istics: the effect of the porcelain surface 
on the strength, the apparent anomalous 
distribution of individual mechanical test 

values, and the effect of time on mechanical 
strength. A method of evaluating the re- 
sult of these factors on electrical insulator 
performance is suggested. 

By 
D. H. ROWLAND 

Locke !nsulator Corp., 
aoe SOO LATE A,!.E.E; Baltimore, Mad. 

oe CAN BE little argument as 
to what mechanical characteristics are desirable in 
high voltage insulators, but the factors which con- 
tribute to such characteristics are concealed, more 
often than not, by an extraordinary amount of 
sophistic data. Modern high voltage insulators on 

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

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

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



= Hydro-Quebec 
of 200-Mva summer loading, Haber] 
sald. But the 100-ton shipping limit 
will restrict collector-station units 
to about 170 Mva. 

_ Despite the industry trend to 3- 
phase power transformers, V. B. 
Ross, CGE, told another session, 
shipping limitations will] favor 
single-phase units for EHV. One 
reason is the “enormous external 
phase-to-phase spacing required— 
27 ft for 700 kv. The problems of 
designing an economic tank having 
three bushings each 30 ft long and | 
with adequate clearance to ground oe OU 
are close to being insurmountable.” ; Weight is saved by using high- 
temperature insulation, said R. A. 
Veitch, Canadian Westinghouse, as 
well as by forced-air cooling and 
use of grain-oriented steels. 

Structures for EHV lines reflect 
a continuous quest for economy, 
said V. F. Crowley, Shawinigan En- 
gineering Co. The most recent de- 
sign, known as the “Y” tower, will 
be used for the first 50 miles of 
Ontario Hydro’s 500-kv extension 
south of Sudbury. 

In discussion, H. B. White, Al- 
can, indicated that rather high alu- 
minum Y towers weigh about 61% 
as much as rigid self-supporting 
structures, vs 75% for the guyed-V. 
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for sendout at 
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Laurentides Extension 
will interconnect 
with existing 300 ky 

<4 Ox 

™y Levis Receiving Station 

Bout del lle Extension and 
Boucherville Receiving Sta. 
will inteconnect with 
existing 300 Ky Boosts Continental Grid 

“We have heard a great deal 
about the interconnection of trans- 
mission systems across Canada,” 
CEA Pres. R. E. Tweeddale told a 
dinner session. He Suggested that 
concentrated study would show 
economies in such ties, and “ties 
across the international boundary 

GENERATION AT FIVE HYDRO PLANTS on Manicouagan and Outardes rivers will be collected via 300-ky links and sent at 700 kv to four receiving stations 

with the new construction are ata 
rate less than a fifth those experi- 
enced with Open-wire, he said, and 

stream regulation for plants in New 
Brunswick and on-site installation of 
700,000 kw. This would require would result in a complete trans- 

mission grid of the entire continent.” 
“The recently announced policy 

change with respect to the export 
of surplus power to the US will have 
a very important bearing on the 
electrical industry in Canada by 
making possible an accelerated de- 
velopment of our remaining hydro 

potentials. It is in the national in- 
terest”, he continued, “to develop 
these as rapidly as possible.” 

“A total of 1.6 million kw is available from full development of 
the St: John River,” Tweeddale 
added. “It would involve a large 
dam in Maine providing down- 

ELECTRICAL WORLD e 

integrated operation between Sys- 
tems. in Maine and New Bruns- 
wick.” But it could be followed, he 
suggested, by large-scale develop- 
ment of tidal power with intercon- 
nections. throughout the Maritimes, 
Quebec, and New England. 

Thus Canada has more need for 
EHV transmission than any other 
country except possibly Russia, 
Tweeddale continued, as a conti- 
nental grid would make her hydro 
sites valuable for peaking. 

At another session, G. A. Ewald, 
Public Service E&G. Co, told of his 
company’s gains from aerial-cable 
distribution in New J ersey. Outages 

February 11, 1963 

the cost has averaged only about 
3% more. 

Original installations were at 4 
kv but recent developments have 
permitted extension to 13 kv, he 
continued. The higher-voltage sys- 
tem is designed with automatic re- 
Closers and tie switches between 
adjacent circuits to hold outage ex- 
posures to the equivalent of 4-ky 
circuits and provide service of com- 
parable reliability. Construction of 
13-kv_ circuits generally resembles 
that developed for 4 kv except that 
insulation is boosted to 156 mil of 
butyl rubber and 65 mils of neo- 
prene strung in ceramic spacers. 
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700-Kv Transmission Planned 
Canadian Electrical Association told of project to deliver 
6,000 Mw to Montreal and Quebec, hears plea for interna- 
tional development of St John River and continental grid 

Transmission at 790/735 kv ac 
was selected by Hydro-Ouebec’s 
EHV Project Group as the.best way 
to convey nearly 6 million kw from 
hydro plants on the Manicouagan 
and Outardes rivers 400 miles to 
Montreal, Project Chairman H. W. 
Haberl told the Canadian Electrica] 
Association recently at Quebec. 
This voltage was selected, he said, 
as “the highest . . . possible at this 
time,” considering that manufac- 
turers must start to deliver equip- 
ment next year for service in 1965. 

Other sessions of the four-day 
conference covered national and in- 
ternational grids, hydro and thermal 
generation, overhead and_ under- 
ground distribution, and many other 
utility subjects. 

Backbone of the 700-kv project, 
Haberl explained, will be three 700- 
kv lines, two crossing the St. Law- 
rence near Quebec and following the 
south shore to a new receiving sta- 
tion at Boucherville, opposite Mont- 
real. The third will run entirely 
north of the St. Lawrence and ter- 
minate at the existing Bout de l’le 
‘Substation on Montreal Island. All 

three circuits must also span the 
6,000-ft-wide Saguenay. 

Boucherville and Bout de I’le 
substations will be linked by a ten- 
mile 700-kv tie and will deliver 
Manicouagan power to the existing 
300-kv system through nine 600- 
Mva banks. A similar link near 
Quebec will link Levis Substation 
with the third 700-kv circuit and 
existing 300 kv lines at Laurentides 
Substation; Levis will have four 
400-Mva banks for 230-kv load. 

Input to the 700-kv lines will be 
collected at two transformer stations 
in the Manicouagan-Outardes area. 
The first, to be known as Mani- 
couagan because of its proximity 
to the 1,016-Mw Manicouagan 2, 
will also gather 1,123-Mw from 
Manicouagan 3 via four 38-mile 
lines, 642 Mw from Outardes 3 via 
two 28-mile lines, and 300 Mw from 
a later development. All gathering 
circuits will operate at 300 kv. This 
station will feed about 3,000 Mw to 
the two south-shore 700-kv lines. 

The other collector station, to be 
built about 40 miles up the water- 
shed near Outardes 4, from which 

~NEW GUYED-Y TOWER for 500-ky lines (second from right) is compared with more conventional guyed structures by V. F. Crowley, Shawinigan Engineering Co. 
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for 
it gets its name and 596 Mw, will 
also pick up 1,344 Mw from Mani- 
couagan 5 via four 69-mile 300-ky 
circuits. Outardes’ 2,000-Mw out. 
put will flow to Quebec and Mont- 
real via the third 700-ky circuit; 
it will also have a 700-ky link with 
Manicouagan Collector Station. 

Corona loss will be no greater 
than that of the existing 300-ky 
Bersimis lines, Haber] said. Final 
design will provide four-conductor 
bundles of the same Bersimis con- 
ductor at 18-in. spacing with phase 
spacings greater than 50 ft. Clear- 
ance to steel at each tower must be 
about 200 in. requiring strings of 
35 insulators. Such lines wil] be 
rated at 2,000 amp continuous but 
would be “capable of much more.” 
Voltage Limited by Reactors 

Overvoltages on lines and equip- 
ment will be reduced considerably, 
Haberl said, by permanently con- 
necting 330-Mva shunt reactors to 
each 226-mile circuit at the collect- 
ing stations and at the receiving sta- 
tions near Quebec. The shorter lines 
from Quebec to Montreal wil] have 
165-Mva reactors at each end. 
Maximum dynamic Overvoltage on 
load rejection, with these reactors, 
he said, will not exceed 1.5 times 
normal. Switching surges from line 
energization are also Teduced and 
will not exceed 2.1 times normal. 
Consequently, he said, BIL require- 
ments will be 2,000 to 2,500 ky, 
but without reactors they would be 
“very difficult.” 

Total current drawn by the shunt 
reactors will neutralize two-thirds 
of line-charging current, he contin- 
ued, and generators and additional 
lower-voltage switched reactors will 
be used to hold down light-load 
voltage. Switched Capacitors on re- 
ceiving-end 300-kv buses will neu- 
tralize shunt-reactor current during 
full-load operation. eee 

Stability requirements of the 
6,000-Mw system will be met by 
clearing line-to-ground faults in six. - 
cycles and reclosing in 25 cycles. 
The shunt reactors completely dis- 
charge the 700-kv line during 25 
cycles of dead time, Haberl said. 

Power transformers for receiving 
stations with rail access will be 
banks of single-phase units capable 
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Mr. Vadnagara requests additional information ‘as to the capac- 
jtance of the test circuit for the current-limiting fuses. The normal 

4M@est circuit would have an inherent shunt, capacitance of several 
( oer picofarads, the exact amount. depending on whether high- 

~~ yoltage transfermers with capacitance graded bushings, actual 

Jength of buswork, and impedance loading were used. This capac- 
jtance would be in the range of normal overhead distribution. 
“Typical installations using underground. cable would have a 

shunt capacitance of much higher value. These values could range 
from 0.1 to 0.5 uF. Since the normal test setup does not utilize any 
shunt capacitance of these values, a special test was made to deter- 
mine whether it would be an appreciable factor. One size (15.5 kV 
10 amperes) NX fuse was tested on a circuit with an available fault 
current of 12 kA at the fuse design voltage. A shunt capacitance 
(in addition to the normal circuit capacitance) was varied from 

———— 
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0.075 to 0.53 nF during the test sequence. The peak arc voltage was. 
found to be slightly higher (2.5 to 5 percent) with the larger shunt 
capacitance value than the maximum obtained with no added 
shunt capacitance. I would attribute this to a slight interaction be- 
tween the circuit. inductance and the shunt capacitance when the 
fuse element melts and introduces a rapid resistance into the circuit; 
but the same resistance quickly dampens any oscillatory effects and 
‘prevents higher overshoot of the voltage. 

“Mr. Bronikowski’s supposition regarding the use of ribbon- 
element. NX fuses at lower circuit voltages with a corresponding 
reduction of maximum arc voltage is correct. Also, with this type of 
element, the maximum arc voltage remains independent of the 
fault current. This characteristic permits more versatility of applica- 
tion as Mr. Bronikowski mentions, especially as related to coordina- 
tion with lightning arresters. 

. Testing EHV Station Insulation for Performance in 

Contaminated Conditions 
JAMES D. M. PHELPS, wempBer, 1zEr, JAMES B. OWENS, senior MEMBER, IEEE, AND AREM 

FOTI, SENIOR MEMBER, IEEE 

“ Abstract—This technical paper deals with two phases of wet test- 

\ @.: of EHV station insulators; one for conventional rainfall tests 

with prescribed rate of precipitation and water resistivity and the 

other for artificial contamination or pollution tests under wet condi- 

tions. The authors recommend a change in USA Standards for rate 

of precipitation and resistivity of water and offer supporting test data 

confirming the ability to distinguish between satisfactory and unsatis- 

factory insulator designs as a result of employing their new proposal. 
They also offer a proposed contamination test procedure which is 

convenient to use, which gives reproducible results, and which is 

sufficiently flexible for use in varying the severity of the applied 

artificial contaminant according to user requirements. The artificial 

contamination, or pollution, test may be used in rating insulator 

designs concerning performance under contaminated and wet con- 

ditions. 

INTRODUCTION 

| NSULATION systems for outdoor stations have traditionally 

been designed using stacking apparatus insulators. Porcelain . 

elements with appropriate joining hardware have been as- 

sembled into columns to provide adequate height and insula- 

tion performance. When insulation systems have been designed 

for extra high voltage (EHV) stations rated 345 kV and ‘higher, 
jt_has been observed that incremental increases in the height of 

jnsulator columns do not produce a corresponding or proportion- 

- gte increase in the insulating value achieved. This is particularly 

Paper 31 TP 67-98, recommended and approved by: the 
Switchgear Committee of the IEEE Power Group for presentation at 

: yhe IEEE Winter Power Meeting, New York, N. Y., January 29- 
“February 3, 1967. Manuscript submitted October 31, 1966;.made 
-gyailable for printing August 30, 1967. ae : 

J. D. M. Phelps is with the American -Electric Power Service 
Corporation, Canton, Ohio. eye tecis “pete oe Sa eee erg hse 

J. B. Owens and A. Foti are with the I-T-E Circuit Breaker Com- 
pany, Greensburg, Pa. 15601 

true when insulation is subjected to long-duration switching surge 

voltages. Extra care in testing and evaluation of test informa- 

tion has been required to insure the desired reliability of EHV 

station insulation performance. | 

In the design of 500- and 765-kV stations for operation in 

coastal or industrial environments, it is particularly important 

that insulation performance be evaluated with a proper simula- 

tion of the variety of conditions that will exist in service. Con- 

sideration must be giveh to the effects of rain, fog, and moisture 

condensation on clean aind contaminated insulator surfaces. 

Tests have been condicted leading to the establishment of new 

performance criteria foriwet testing to evaluate insulation per- 

formance during rainfall conditions. In addition, work has been 

done to develop a technique for the simulation of heavy surface 

contamination wetted by fog or mist. The work was undertaken 

because.there was no recognized system of evaluation from which 

reliable and repeatable results could be obtained and related to 
field experience. 

Wet. or Rain TESTING 

The current standards of the U.S.A. Standards Institute! 

specify that outdoor station apparatus insulators be subjected to 

a wet test using water of 17 800 ohm-cm resistivity falling at a 

rate which will allow an accumulation of 5.08 mim/min. The 

standards of the International Electrotechnical Commission 
(iC) @ specify that wet testing be conducted with 9000-11 000 

ohm-em water and a rainfall rate of 3 mm /ming These are.ex= 

ceedingly heavy rates, corresponding to an-accumulation of 7-12 

inches per hour or 17—29 feet.per-day. Such rates of rainfall rarely, 

af ever, occur in outdoor station operating environments. 

The resistivity of the water specified in the U.S.A. standards 

is substantially higher than the resistivity of rain water that has 

fallen through normal city or industrial atmospheres during the 

early portion of rain incidents.!3) [EC requirements more closely 

tae rere I 



September 22 and 23, 1969 
Holiday Inn, Lenox, Mass. 

OBJECT: To allow interested General Electric Departments an opportunity to 
Pe discuss common and individual problems with respect to increasing 

contamination eee Son Spy our customers and standardizing 
bodies. 

SeasiiSutele's ois 1969 

2: OO P.M. Meet for coffee at the High Voltage Laboratory (Bldg. 9) : 

2:15 P.M... Demonstration of flow-on method of contamination testing - HVL. 

3:00 P.M. : Tour of outdoor research area of HVL. 7 | 

3:49 P.M. Tour of Project UHV facilities - Lenox. 

pee afer z Informalities at the Holiday Inn. 

6:30 P.M. Dinner (Dutch Treat) | 
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INSULATOR CONTAMINATION ~ PROBLEMS AND TESTS 
F.6d. Duper 

INTRODUCTION 

GENERAL PROBLEMS 

A. To Simulate or Not to Simulate Nature 

B. Measurements of Degree of Contamination 

CGC. Selection of Contamination Materials CowBuerivivy AR TTERS 

D. Method of Moisture Application ~ Je epek A] wie rs L 8 

POPULAR PRESENT DAY CONTAMINATION TEST METHODS 

A. Salt Fog Test 

B. Predeposit Test 

Ll. German method 

2. Dipping method 

3. Flowecoating 

C. ASEA Test Method 

D. Wet Contaminant Method . \ 

SUMMARY 

A. Utility of Various Test Methods 

B. Correlation With Natural Conditions 

C. Need for Both Development & Practical Test Methods 
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Tour of Project UHV facilities - Lenox. 

Informalities at the Holiday Inn. 

Dinner )(Dutch Treat) 

September 23, 1969 = Holiday Inn, Lenox, Mass. 

“8:30. A.M. 

8:45 AM. ° 

10:00 A.M. 

10:15 A.M. 
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A NEW CONTAMINATION TEST METHOD 
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INSULATOR CONTAMINATION - PROBLEMS AND TESTS 
F, J. Turner 

INTRODUCTION 

GENERAL PROBLEMS 

A. To Simulate or Not to Simulate Nature 

B. Measurements of Degree of Contamination 

CG. Selection of Contamination Materials 

D. Method of Moisture Application 

POPULAR PRESENT DAY CONTAMINATION TEST METHODS 

A. Salt Fog Test 

B. Predeposit Test 

lL, German method 

2. Dipping method 

3. Flow-coating 

C. ASEA Test Method 

D. Wet Contaminant Method 

SUMMARY 

A. Utility of Various Test Methods 

B. Correlation With Natural Conditions 

C. Need for Both Development & Practical Test Methods 



FIELD AND LABORATORY TESTS OF CONTAMINATED INSULATORS 

FOR THE DESIGN OF THE STATE ELECTRICITY COMMISSION OF VICTORIA 

500 KV SYSTEM 

J, Johnson R. T. Henderson W. S. Price — 

bie: Be ieiwian: EF, ds Turner 

In recent years, the control of switching surges by circuit breaker resistors, 

and the use of shielding angles adequate to reduce lightning impulse flashovers, 

has made possible appreciable reduction in transmission line insulation levels and 

cost, particularly on EHV lines, As this process continues, additional design 

data will be required for the power frequency withstand of line insulators exposed 

to contamination, if future line designs are to be both successful and economical, 

Although extensive investigations have been made during the past two decades 

on the power frequency performance of contaminated insulators, the basic mecha- 

nism is so complex, and there are so many parameters, known and unknown, in 

the problem that much work remains to be done to permit optimum line design, 

Since the future 500 kv transmission system of the State Electricity 

Commission of Victoria must traverse a very severe contamination area, as in- 

dicated by present 220 kv line performance, a very extensive investigation has 

been made, including both field and laboratory work, This work provided a sub- 

stantial amount of new design information for the 500 kv system, Details of this 

study are presented in this paper, for comparison with previous investigations, 

and possibly to serve as a basis for future research, 

FIELD EXPERIENCE 

The State Electricity Commission of Victoria supplies virtually all the elec- 

tric power in the State of Victoria, an area of some 88, 000 square miles in the 

southeastern corner of Australia, Apart from small hydroelectric stations con- 

tributing to peak load demands, and a low load factor entitlement from the Snowy 

Mountains Scheme, the bulk of the power is generated by base load thermal sta- 

tions situated on the very extensive lignite brown coal fields of the Latrobe Valley, 

about 90 miles east of the capital city of Melbourne, 

Since the first thermal station was installed in 1924, the total capacity of the 

Latrobe Valley generation has grown to its present level of some I, 400 MW, with 

a further 1, 700 MW of plant under construction or on order, and the probability 

of extensive additions in the future, 

ae State Electricity Commission of Victoria, Melbourne, Australia, 

Bechtel Corporation, San Francisco, California, 

xe «=©=9General Electric Co,, Schenectady, New York, 

KKK =General Electric Co,, Pittsfield, Massachusetts, 
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STANDARDIZATION 
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POLLUTION TESTS IN IEC TC 42 
qoemaemncnn en ng le TC ESD POO EEO L ELITE SELF OE NE 

IEC TC 42, High Voltage Testing Techniques, has adopted the 

following clauses for contamination testing. These have been approved 

to be sent out to the National Committees under the six-months rule. 

3.4 Artificial pollution tests 

Artificial pollution tests are intended to provide information 

on the behaviour of external insulation under conditions simu- 

lating pollution in service. 7 

The basic objective is usually to verify that the test object 

will withstand a specified amount of pollution at a given test 

or operating’ voltage. ee | 

For comparison tests and for research, the objective may be either 

to determine the degree of pollution that the test object can 

withstand with a given probability at a given test voltage, or to 

determine the withstand voltage for a specified degree of pollu- 

tion. For comparison tests, the former procedure is preferable. 

The procedure to be adopted must give reproducible results, taking 

into account the statistical nature of the flashover mechanism. 

The result of an artificial pollution test is dependent. mainly on 

the following factors: 

- the installation of the test object 

- the procedure for applying the pollution 

- the amount, conductivity and distribution of the pollution 

- the amount of moisture deposit | : 

- the manner in which the test voltage is applied. 

3.4.1 Test procedures 

3.4.1.1 Installation 
a eeneennneneneeennnenllll 

The test object should be tested in a position (horizontal, vertical 

or inclined) corresponding to actual working conditions. The clearance 

to entraneous structures (see Clause 3.1) need not exceed 1.0 S and may 

even be reduced below this, without affecting the validity of results, 

provided risk of flashover of the clearance is avoided. 

The insulator shall be in thermal equilibrium with the air in the cham- 
ber at the start of the test. The ambient temperature at the start of 

the test shall be not less than 5°C or greater than 30°C. 



Servig of Lteraten aoe ' 
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The state of understanding of the mechanism of flashover of eollaren 

insulation is revealed by Toliedationsiel "a paper (1) and the discussion fol- 

lowing it.4. fits his data to the equation (VeAv ")t = Cea. r” i where V is 

the applied unidirectional voltage, a is the minimum voltage below which a 

flashover will not occur, t is the time to Bieshower, c is a constant, e is 

the energy needed for Ai cues production, r is the pollution resistance 

per unit length, and L is the distance between electrodes. ZOoledziowski 

believes that the discharge propagates ‘in air, not steam, that a dry band 

is not required for discharge Were ce and that the discharge starts to 

propagate at zero time. 

Salthouse (2) has studied the J etainbers which result in the initiation 

of dry bands on polluted insulators. iisots a critical temperature rise 

(ATc) which is less than ie tof the resistance in one location increases much > 

more rapidly than in others. ATc corresponds to a eater dissipation density 

of about Saini) he : | 

(3) has studied the natural conditions of humidity, fog and tem- Kawai 

perature which precipitate flashover and has determined withstand voltage 

of a ee: types of subpaneton insulators as a function of salt de- 

posit density. Light rain or fog after several hours of high humidity min- 

imizes flashover voltage. A steam fog artifically reproduces this condition. 

(4) Johnson et al have reported on an intensive study of the conditions 

leading to flashover of Neadiie contaminated insulator strings leading to 

design criteria for a 500 kV line in Victoria. Contamination is by a salt 

laden stoke and fog, underside contamination controls. KV/insulator for 

si flashover varies eae ast jad maids of See concentration 
| | oe 

being iss in/Kyv. at 8.2 ahd 2.1 in/KV at 10 me /cm= ‘ Achechiaien de cen ad 

and results of high speed motion picture corollation with surging currents 

are described. 
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MEMORANDUM 

August 21, 1969 

PROCEDURE FOR CONDUCTING CONTAMINATION TESTS 

ON SUSPENSION INSULATORS 

GENERAL 

At the present time there is a great need for an artificial contamination 
test for high voltage suspension insulators for use in polluted areas. In 
such areas the behavior of suspension insulators is frequently the limiting 
factor in determining the size and type of insulator to be used. 

WITHSTAND VOLTAGE TEST 

The object’ of this test is to determine the maximum withstand voltage at a 
given reference layer conductivity. A series of testsshall be conducted 
as prescribed in this memorandum on an insulator, or insulators, with 
specified reference coatings, The insulator withstand voltage is the — 
maximum value of voltage which may be applied to a test specimen on three 
consecutive trials without flashover at a given level of layer conductivity. 

SCOPE OF TESTS 

Ee The procedure outlined in this memorandum applies to the testing of | 
porcelain suspension insulators of nominal voltages greater than 1 KV, 
which are used outdoors and exposed to polluted atmospheres. At 
present, this procedure is limited to A.C. voltage tests, and is not © 
intended to be used for insulators of organic material or to determine 
the efficiency of different surface treatments, such as silicone com- 
pounds. The general procedure is known as the wet-contaminant method 
and is “dita in agreement with that described by F. J. Turner and 
B. Macchiaroli. 

The voltage source used in making these tests should have a short 
circuit current not less than 5 amperes RMS. 

pan Cleaning of Insulators 

The insulators shall be carefully cleaned so that all traces of grease 
are removed. Detergent may be used, after which the insulator surface 
shall be thoroughly rinsed with clear water to remove remaining traces 
of any ionizing material. The surface of the insulator is deemed suf- 
ficiently clean and free from any grease if large continuous wet areas 

are observed. After washing, insulators shall be dried by bLoviae 
compressed air on the ehuisishs «see 

LTEEE Paper No, 69-TP-692 "A Study of Some Variabiles Affecting Contamination 
Testing Using the Wet Contamination Method" B. Macchiaroli and F. J. Turner. 

IEEE Paper No. 69-TP-14 'A New Contamination Test Method" B. Macchiaroli and 
Fo 5. Susier. 



AIEE | PG ee 
Technical Paper | | ja onan ei ( 

51-312 

July 1951 

Litho in USA 

TRAVELING WAVE RELATIONS APPLICABLE TO POWER-SYSTEM FAULT LOCATORS 

Laurel J. Lewis 
Member ATER 

University of Washington 
Seattle, Wash. 

Advance Copy 
Not Released for Publication 

All Rights Reserved by the 
American Institute of Electrical Engineers 

33 West 39th Street, New York 18, N.Y. 

A paper recommended by the AIEE Committee on Transmission and Distribution 
and approved by the AIEE Technical Program Committee for presentation at 
the AIkt Pacific General Meeting, Portland, Oregon, August 20-23, 1951. 
Manuscript submitted May 22, 1951; made available for printing July 10,1951. 

PRICE: 30¢ To Members 
60¢ To Nonmembers 



FINAL REPORT 

PHYSICAL PROCESSES IN CONTAMINATION. 
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10: Members ofthe Contamination Working CRORE | | ee 

| On May 30, 1975 MIT will host an informal seminar on Pntaiinat ion 
flashover. Interested members of the Working Group as well as other interested 
persons are welcome to attend. The major purpose of the seminar will be to 

| present results of the NSF sponsored flashover study. 

The  aatint ile wil] Fede: | e 

1) Presentation of theoretical results. 

=p 2 ) Presentation of methods found to control flashover, includinc one 

method for which a patent has been filed.. High speed motion pictures oy these 
methods peerencrng flashover will be shown. 

3) A discussion of surface wetting effects. 

ie 4) Results of tests on semiconducting glaze units. 

‘s 5) A demonstration of a computer simulation of flashover. 

) 6) A tour of the laboratory, and flashover dem@meitetlons.. 

>> In connection with the topic-of surface weteinee My For Kell, President 
Of Silibond Products, Inc. will discuss a new water repellant coat ing for oe 
insulators. eee more repellant than: TefTon: or Silicone... The coating “is 
in the development stage and has been successfully tested at MIT. A coated 

Suspension insulator will be available for pepes tice 

| Also participating in the presentation will be Mr. Ed Los of the G.E. 

nign Be age Laboratory, and hopefully Professor T.C. Cheng of the University 
a ©) ern California, wno conducted research while a student here, and is now 

| beeryinc out contamination research at USC. 

The meeting will be from 9:00 a.m. to about 4: 00 Epa Reservations should 
be made directly with one of the hotels listed on the attached sheet. The Note | 

Sonesta is recommended as being near MIT, but may fill up-shortly. 
The meeting has been scheduled on Friday so that persons so desiring can spend a 
weekend in the Bicentennial City. For those who think they are young enough, we 
hope to have an optional "night on the town" after the Seminar.. 

Please let us know if you plan to attend so that we can plan ahead and 
also send further details. <a 

David C. Jolly 

Pe | Staff Engineer 
—DCI/s | : Division of Sponsored Research _ 4975 
enc: 


