


CONTENTS

PAGE

PREFPACE « « « = & + « + + vt vt e e v e e e e e e e v

DiereEctRICUNITE . . . . .« &« v v v e v it e e e e e e . ox

TABLE OF SYMBOLB ., . . « « « « 4+ =« 4 « v « v 1 4 o s+ « xiii
CHAPTER I

INTRODUCTION . . . . 1

General dlscusmon of energy transfer—-——Expenmental plots of dl—
electric and magnetic fields—Analogy between magnetic and
dielectric fields—Analogy with Hooke s Law,

CHAPTER II

Tuae Digrecrric Fierp aAnp Digvecrnic Cireotr, . . . . . . . . .
(Mathematical Consideration)

General treatment of the dielectric field and dielectrie circuit with
discussion of prineiples used—Parallet planes—Field between; per-
mittance, ete.—Concentric cylinders—Permittance or capacity;
flux density and gradient—DParallel wires—Principles used in super-
position of fields; determination of resultant fields; equation of
equipotential surfaces, lines of force and flux density; permittance;
gradient and equigradient surfaces—Concentric spheres—Spheres
—Two small equal spheres, field of, and permittance; two large
equal spheres, gradient, permittance—Conditions for spark-over
and local breakdown or corona—Collected formulz for common
electrodes—Combinations of dielectrics of different permittivities
—Dielectric flux refraction—Dielectric in series—Dielectric in
multiple—Flux control—Imperfeet electric elastivity or absorption
in dielectrics; diclectric hysteresis.

CHAPTER III

Visoan Corona . . . R .
General Summary and Dzscusswn—Appearance—-—Chemlcal actlon
—A. C. and D. C. spacing and size of conductor—Laws of visual
coronn formation—Theory of corona—Electron theory—Air films
at small spacings—AiL density—Measuring voltage by corona—
Conductor material, cables, oil and water on the conductors,
humidity. Ienization—Wave shape, current in wire.
Ezperimental Study and Method of Reducing Ezperimental Data—
Tests showing the effects of size and spacing of conductors—Air
density—Temperature—Barometric pressure—Strength of air
films—Effect of frequeney—Conductor material, oil, water, dirt,
humidity—Ilonization—Current in wire—Stranded conductors-—
8plit conductors.
Photographic and Stroboscopic Study—Positive and negative corona
—Corons at different voltages—Thickness of corona—Oscillograms
of corona current, ete.

38



CHAPTER 1V
FPaar
SPARK-OVER . . . . . v .. 79
Deﬁmtmn—Cond)tmn for spark-over or corona—Spark-over be-
tween parallel wires, wet and dry-—Measurements of and method of
caleulating—Wires in a cylinder—Needle gap—Sphere gap—
Effect of barometric pressure, temperature, humidity, moisture and
rain on spark-over; measurement of voltage by spheres; caleulation
of curves; precautions in testing—Rupturing energy and dielectric
spark lag—Law of spark-over, effect of high frequency, oseillatory,
and impulse voltages on spark-over, and method of measuring such
valtages—Insulators and bushings—Spark-over of; effect of alti-
tude, etc.

CHAPTER V

Corona Loss, . . . . 117
Method of ma,kmg a large engmeermg mvestlgatlon—Method of
reducing data—The quadratic law—ZLoss on very small conductors
-~Effect of frequency, size of conductor and spacing; conductor
material and surfaces; air density and humidity—The disruptive
critical voltage—T.0oss near the disruptive eritical voltage; the
probability law—Loss during storm-—Loss at very high frequency.

CHAPTER V1

CORONA AND SPARK-OVER IN O1L AND Liquip INSULATIONS . . . . 15
Liquids used for insulating—Physical characteristics of transformer
oil—Bpark-over with different electrodes; effect of moisture; fem-
perature—Corona in oil—Law of spark-over and eorona in oil—
Spark-over of wires, plates and eylinders—Resistivity of oil—Dis-
ruptive energy—OQil films—Transient voltages—Barriers—Com-
parison of high frequency—60—and impulse arc over.

]

CHAPTER VII

Sonip InsgLaTIiON. . . . . 166
Solids used for msulatmn——Dlelectnc loss—lnsulatmn resnstance
and dielectric strength—Rupturing gradient—Methods of testing
~Taw of strength vs. thickness—Solid vs. laminated insulations—
Effect of ares of electrodes—Impulse voltages and high frequency
—Cumulative effect of over-voltages of steep wave front—Law of
strength vs. time of application—-Permittivity of insulating
materials—Energy loss in insulations at high and low frequency—
Operating temperatures of insulation—Surface leakage—Solid
insulating barriers in oil—Impregnation—Mechanical—Direct
current—Complete data on permittivity, dielectrie strength with
time, thickness, ete.

CHAPTER VIII

Tue EvEcrRON THEORY. . . . s e e e e e . . 1892
Review of and example of practlca.l applleanon.



CHAPTER IX

Page
Pracrical Corona CavcuLatioN ror TrRansmisston LaNes . . . . . 199

Corona and summary of various factors affecting it—Practical
corona formule and their application with problems to illustrate—
Safe and economical voltages—Methods of inereasing size of con-
ductors—Conductors not symmetrically spaced—Voltage change
along line—Agreement of calculated losses and measured losses on
commercial transmission lines—The corona limit of high-voltage
transmission, with working tables and curves.

CHAPTER X

PracTicAl, CONSIDERATIONS IN THE DESIGN OF APPaRATUS WHERE
Sorip, L1Quip AND Gasrous INsvLaTioNs ENTER 1x CoMBINATION . 213

Breakdown caused by addition of strgnger insulation—Corona on
gencrator coils—Corona in entrance bushings—Graded cable—
Transformer bushing, oil-filled bushings, condenser {ype bushing—
Dielectric field control by metal guard rings, shields, etc.—High
frequency—Dielectric fields—Methods of plotting, lines of force,
equipotential surfaces, equigradient surfaces—Dieleetric fields in
three dimensions, experimental determination of dielectric fields—
Effect of ground on the dielectric field between wires—Three-
phase dielectric fields with flat and triangular spacing of con-
ductors—OQOeccluded air in insulations—Examples of ealeulations of
spark-over between wet wires, of sphere eurves, of breakdown of
insulation for transient voltages, of strength of poreelain, of energy
loss in insulation, ete.

CHAPTER XI

CompLETE DATA APPENDIX .

. e e e e e ... 238
Measured data on corona loss.

InpEX, . . . . . . . . . . . . . . e i e e e e e . . . 2A7



