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Engineering
Education

The engineering graduate has often been criticised of
late years for various shortcomings. These eriticisms
naturally reflect upon the institutions that give educa-
tion in engineering subjects. As an educator, | would
like to say a few words concerning this matter and set
forth briefly both some of the reasons for eriticism and
some of the measures that eduecational institutions are
using to rectify the causes of criticism. In this con-
nection, I might point out that before becoming an
educator I spent more than twenty-five vears in the
actual practise of engineering, and therefore have been
able to observe this problem from both sides.

Of the many criticisms that have been leveled at the
engineering graduate of the present day, I believe that
the two most frequent are:

Ist. That he lacks a proper appreciation of the
econonics of his chosen field.

2nd. That he lacks ability to express himself ade-
quately either in writing or in speech.

Both of these criticisms are undoubtedly often justi-
fied. The obvious cure rs more and better instruction
in economics, English and public speaking. But how
can more time be taken from engineering subjects for
such additional instruction in these non-engineerin;
subjects? Engineering has become much more complex
and far reaching in its demands on the curricula for
engineering subjects during the last twenty or thirty
vears than was even dreamed of in the early davs of
engineering education. To cite a specific example,
the steam turbine is only about twenty-five years old,
but its place in the field of deriving power from heat is
today supreme. No engineering curriculum would
today be adequate that did not undertake to inculcate
the principles underlying the steam turbine. However,
the steam turbine has not displaced the reciprocating
machine and the prineiples underlying the latter must be
inculcated as well as for the turbine. In other words,
the rise of the steam turbine has placed an additional
burden on the present day engineering curriculum that
did not exist twenty-five years ago. And this specific
example is only one out of dozens of the same nature
that might be cited. The existing knowledge today is
vastly greater than that of yesterday and this state-
ment 1s particularly true of engineering subjects.

To repeat my previous question then, how can the
engineering curriculum cover adequately the basic
principles of engineering as expanded at the present
day and still devote adequate attention to non-engi-
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neering subjects? One answer to this question s to
increase the time; extend the usual four year course to
five or even to six years. This remedy has often been
proposed and in a few cases has been applied. Where
tried it has not met with any great favor if the numbker
of students may be taken as a criterion. My own
personal reaction to this proposal is adverse: I do not
believe that the embryo engineer can afford to take more
than four years out of his life for his technical education.
[f we accept the proposition that the engineering course
should not cover more than four years (as I believe we
must) it folows that our engineering curricula must not
only cover the vastly increased technical field during
that four vears, but also must cover adequately those
non-technical subjects, the lack of which has in the past
provoked so much adverse eriticism.

[ wish to point out specifically that engineering educa-
tors are acutely alive to the problems that confront
them. The Society for Promotion of Engineering
Education is now and for some years past has been
undertaking a comprehensive study of engineering
curricula. This study covers all phases of these
curricula, both engineering and non-engineering. To
be stil more specific, a committee of the S. P. E. E.
on “Economic Content of Engineering Education”
1s now at work on this particular phase of the problem.
In its endeavor to find the answer to this problem,
the committee proposes to consult not only educators
but also, so far as possible, every point of contact be-
tween the engineer and the community that he serves.
This is only one of the many studies that is now being
carried on by the S. P. E. E. These studies will
cover every part of the engineering curriculum—
technical and non-technical. The engineering educator
is quite alive to the problems confronting him.

No engineering school pretends to produce a finished
engineer; it simply turns out a man who, if he continues
to progress in the direction in which he is pointed when
he obtains his degree, will eventually become an
engineer. His education is by no means completed
when he receives his degree; education is a process that
ceases only with death. It is the aim of the engineering
school to give an inspiration—ar impetus—that will
continue and without which no man can hope to become
an engineer in the true sense.

In closing I might add that the educator does not
resent criticism; he welcomes it. But there are two
kinds of criticism—destructive and constructive. The
destructive kind simply wishes to destroy that which
it aims at without setting up anything in its place.
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The constructive variety does set up a substitute. It

is obvious that constructive criticism is the only kind
that is worthy of any real consideration.

P. M. LiNCOLN, Chairman

Committee on Education

Some lL.eaders
of the A. 1. E. K.

William MecClellan, thirty-fourth president of the
Institute (1921-1922), was born in the city of Philadel-
phia, Pa., November 5, 1572. Here he also received
his education, first at the Manual Training Schoo! and
later at the University of Pennsylvania, from which, in
1900, he received his B. S. degree; in 1903 heobtained the
degree of Ph.D, and in 1914 his degree in Electrical
Engineering.

In 1900 Mr. McClellan entered the service of the
Philadelphia Rapid Transit Company, at the same time
occupying theoffice of instructor in Physicsat the Univer-
sity of Pennsylvania. He next accepted a position with
Westinghouse, Church, Kerr & Company in 1905,
remaining with them until the formation of his own
company, the Champion-MeClellan Company, in 1907,
with him as one of its directors. In 1915 this Com-
pany was reorganized under the name of Paine,
MecClellan and Champion, Consulting Engineers, New
York City, and in 1922, Mr. MecClellan’s present
Company, McClellan & Junkersfeld, Inc., was formed
with Mr. McClellan as president.

From 1911 to 1913 he was consulting engineer for the
Public Service Commission, Second District of New
York, remaining in that capacity until 1919, when he
was chosen dean of the Wharton School, University of
Pennsylvania. From this date until 1921 he also
served the Cleveland Electrical Illuminating Com-
pany as vice-president. In1925hewaselected president
of the Commission on Muscle Shoals.

Mr. McClellan’s contributions to science have been
noteworthy, both as regards the numerous articles pub-
lished in technical magazines and papers presented
before the representative professional bodies. This
is true also of his personal work in the many execu-
tive offices which he has occupied. He is at present
a member of the American Railway Association,
The American Society of Mechanical Engineers, the
National Electric Light Association; past-president of
the Associated Pennsylvania Clubs, member of Alpha
Chi Rho, Phi Beta Sigma, Sigma Xi and Beta Gamma
Sigma; director of the Intercollegiate Intelligence
Bureau, Washington, D. C.; and a member of the
following clubs: the India House, Engineers, Bankers,
University of Pa. of New York, Union League and
University of Philadelphia, University and Cosmos
clubs of Washington; the Huntington Valley Country
Club and the Huntington Valley Hunt Club of

Pennsylvania.

NOTES AND COMMENTS

Journal A. L. E, K

The Federal Judges'
Salaries Bill

This Bill has passed the Senate and is definitely
set for a vote in the House of Representatives December
9th. It is a public measure, important to the country
at large, and particularly to those interested in patents,
since sole jurisdiction over suits enforcing or annulling
patents rests with the IFederal Judges.

The present salaries of the Distriect Judges ($7500)
and of the Circuit Judges ($8500) are so inadequate,
particularly in the larger cities, that due to a feeling of
an injustice done them there is general dissatisfaction
among the Judges in those cities. A number of the
Judges have resigned and not a few are merely holding
on to see whether the Bill of December 9th will be
passed.

The Bill only increases the salaries of the Distriet
Judges to $10,000, those of the Circuit Judges to
$12,500, and other Federal Judges accordingly. It
must be passed if the quality of the Federal Judiciary
is to be maintained.

American Engineering Council and practically all of
the Engineering Societies are making final effort to
enact this Bill now, for if it does not pass on December
9th, it will be many years probably before another
attempt will be made. Every member of the Institute
1s therefore requested to write his member of the
House of Representatives, urging him to be present
on December 9th when the Graham Bill, H. R. 10,554,
will be voted upon, and to give to this Bill his hearty
support.

A New Type
of Rectifier

Preliminary announcements have heen made of a
new type of rectifier which is extremely simple in princi-
ple and operation and which will be described in detail
in a forthcoming paper before the Institute. The
discoverer of the principle is Dr. L. O. Grondahl,
who described it in a recent number of Science. The
rectifier consists of a disk of copper having a coating of
oxide formed on its surface and another metallic disk
forming the opposite electrode. Under suitable con-
ditions current flows more readily from the oxide to the
copper than in the reverse direction.

The peculiarity of the new rectifier lies in the fact that
the direction of the electron flow is opposite to that
indicated by the theory underlying the electron tube.
Explanations of contact rectification that appear
most prominently in the literature, as, for example,
electrolysis and thermoelectricity, are shown by Dr.
Grondahl to be untenable for the new electronic solid-
junction rectifier. The seat of rectification is ap-
parently restricted to the layer near the junction be-
tween the copper and the compound formed on it.



Vacuum Switching Experiments
at California Institute of Technology

ROYAL W. SORENSEN* and

Fellow, A. I. E. E.

Synopsis.—Successful experiments in swilching or breaking a
circuit in a high vacuum have been made at the California Instilule
This paper is a report on three sets of these experi-

of Technology.
The conclustons

ments which extended over a period of three years.
drawn from the experiments may be summed up in the statement that
vacuum breakers of laboratory lype have been successful in breaking
circuils and offer a possible solution of the circuit-breaker problem.

a high vacuum have been made during the last

three years at the California Institute of Technol-
ogy In connection with' the study of switching high-
voltage, high-power circuits. These experiments were
undertaken as a result of the well-known limitations of
oil circuit breakers. A large number of tests was made
on high-vacuum breakers of laboratory type. Some
very promising results were obtained in interrupting
large currents.

When these experiments were suggested, the question
immediately presenting itself was: Will the vacuum
maintain itself at the time the arc is formed between the
separating metallic parts of an opening switch?

This doubt was quite generally substantiated by the
commonly recognized theory of the electric are,! iz.,
that the maintenance of an arc issdependent upon the
giving out of thermions from hot spots on the electrodes
between which the arc is formed, with the attendant
vaporization of the metal. If this were true, a large
current could not be interrupted in a vacuum because
the formation of even a small amount of gas would
reduce the vacuum and cause it to become a conducting
vacuum rather than an insulating vacuum.

The fact of the matter, however, is that if the vacuum
1s sufficiently high and all adsorbed gases have been
removed from the metal electrodes, very large currents
can be broken without formation of enough vapor to
maintain an arc.

Dr. R. A. Millikan has shown? that, with cold elec-
trodes suitably prepared, millions of volts of potential
gradient are required to obtain discharges of any kind
between metal surfaces. He has also worked out with
much care the conditions necessary for denuding metal
surfaces of gases and preventing the Impairment of the
vacuum through the evolution of gases. A. Janitzkys?
also has reported experiments showing that currents
will not flow across the space between cold electrodes in
a vacuum provided the electrodes have been completely
outgassed.

EXPERIMENTS on breaking an electrical circuit in

*Both of the California Institute of Technology, Pasadena,
Calif.

1. For references, see Bibliography.

Presenled at the Pacific Coast Convention of the A. I. E. E.,
Salt Lake City, Utah, Sept. 6-9, 1926.

HALLAN E. MENDENHALL*

Associate, A. I. E. E.

The results show that swilching in vacuum affords the advantages of
no pitting of contacts, quick break, the arc always gotng out on the
first half cycle, small voltage rise across the switch, and small dis-
tance of travel mecessary for the switch blades.

Making the vacuum swilch practical calls for a solution of the
problem of making commercial apparalus with vacuum-tight joints,
and the elimination of the use of liquid air with the vacuum pump.

According to the older theory, it would seem that
considerable vapor might be formed in the vacuum on
breaking a circuit. P. Charpentiert* has given the
following equation:

W =0.07EIt

as the equation for the energy to be dissipated in an oil
switch at the time of opening. In this equation, £ =
voltage, I = current, and ¢ = the time in seconds
between the initial separation of the switch contacts
and the complete extinguishing of the are. Charpen-
tier’s experiments, and also those made by Swiss engi-
neers in 1915 and 1916, indicate that this energy is used
in vaporizing oil at the rate of 46.5 cu. em. per kw-sec.
Some of the tests made on oil switches show the vapori-
zation of smaller amounts of oil per kw-sec. and also
show power factors of less than 0.07 across the switch
at the time of interruption, Applying Charpentier’s
equation to a single-pole switch opening a 15,000-volt,
100-ampere, 50-cycle circuit, we find that the switch
must dissipate 1.05 kw-sec. if it opens on the first half
cycle. Assuming as an extreme case, for the vacuum
switch, all of this energy available to vaporize copper
at the switch blades, we find that it would vaporize
approximately one-fifth gram. This amount of copper
turned into vapor would reduce an insulating vacuum
In a container of considerable size to a vacuum which
would be conducting for 15,000 volts applied between
electrodes extending into the container.

However, the later theories to which reference has
been made indicate that such an amount of vapor will
not be formed provided the vacuum is high and the
electrodes are free from gas.

Therefore, in making the experiments, the prime
requisites were to have the electrodes entirely free of
adsorbed gases and to obtain a good vacuum. Dr.
Millikan was immediately interested in the proposal of
the tests and placed at our disposition the facilities and
high-vacuum experience of the Norman Bridge Labora-
tory; also he cooperated in the development of the
switch by making many valuable suggestions and by
assigning to the work two graduate students of the
physics department, H. E. Mendenhall and Russell
Otis.

Three switches were developed and tested. The first

1203



1204

switch isshown in Fig. 1. It consists of a glass envelope
withtwofixed electrodesas shown, separated by one-half
inch. Thesehavecresecent-sha ped contact surfaces, aand
b, as shown. The contact area of each of the fixed ter-
minals is 1¢ sq. in. The cireuit is closed bya flat circular
copper disk resting upon them with no contact pressure
other than the weight of the disk, to which is attached a
light plunger. The switch is opened in operation by a
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F1g. 1—Cross-Stcrion ViEws oF Switch No. 1

solenoid which, when energized, raises the plunger. In
interrupting the circuit, the bridging circuit contact is
raised 14 in. by the solenoid. This type of construction
gives:two breaks in series when the switch is open.
Vacuum-tight joints between the lead-in conductors

2—Vacuum SwitcH No. 2

Fic.

and the glass envelope of the switch were easily ob-
tained by means of W. G. Houskeeper’s disk seals.®
This switch was evacuated down to 10-¢ centimeters of
mercury pressure. An initial test wasmadeby using this
switch to interrupt currents up to 125 amperes at
110 volts d-c. The results were encouraging, and the
switch was connected to an a-c. supply and the test
repeated with very satisfactory results, the ip’oerrup-
tion of current being accomplished with less arcing than
occurred when direct current was used.

The switch was then successively used on a-c.

BORENSEN AND MENDENHALL: VACUUM BWURCITING BXPERIMENTS Journal A 1 ). K.

circuits for 220 volts, 2300 volis, and 15,000 volts.  The
load in every case was a single-phase load connected and
disconnected by means of the switeh used as a single-
pole switch. There was no apparent difference in the
operation of the switeh at the different voltages with
the exception that the switch was not properly de-
signed to guard against arcing over the outside at
15,000 volts. This trouble was elimipated by immers-
ing the switch in oil. When s0 immersed the switch
was operated many times as a single-pole switch to
interrupt 100 amperes at 15,000 volts. Iivery operation
was successful,

The terminals of this switch, however, were very

T SO Srare e
7 E IO s
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3—Vacuum Switcn INTERRUPTING 272 AMPERES AT

5380 Vovurs

Fie.

small and therefore a second switch having terminals
with more contact surface and leads of greater carrying
capacity was built. Iig. 2 shows switch No. 2. This
switch was constructed in the same manner as switch
No. 1, but is larger and has hetter contacts, the bridge
being made of spring-copper laminations. When the
switch is closed, the edges of the laminations are held

| ll‘”ljmlnlli]!jj '

i 5‘3@’ Closed
X LFEO Amps. 1.8 d

Fic. 4—Vacuum Switcun INTERRUPTING 600 AMPERES AT

12,780 VovLTs

against the fixed contacts by the weight of the bridge
and itsliftingsolenoid, the total weight being two pounds.
The contact area of each fixed terminal is 34 sq. in., the
distance between the fixed terminals being one inch.
In'interrupting circuit the bridge is raised one inch.
This switch was given laboratory tests on a 15,000-
volt, single-phase circuit providing currents up to 120
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amperes at this voltage. The switch was operated as a
single-poleswitch to open and close this circuit more than
500 times without showing any burning of the switch
contacts. It was then sealed off from the vacuum
pump and allowed to stand in the laboratory for three
months, during which time it was tested occasionally to
determine its condition. At the end of the three
months the switch was taken to the Torrence substa-
tion of the Southern California Edison Company and
used to open short circuits made on a synchronous

—_— Vacaum Switch. Oscillograph—
Tete=t0t2 Amps.
Eecre.=16,100Volts.

f.250~

Fia.
SwitcH AND VoLTAGE Across SwitcH AT OPENING

I,rs = 101.2 amperes E,ry = 16,100 volts f = 50 cycles

condenser just as the condenser was disconnected from
the Edison distribution system. The currentwas sup-
plied to the switch from the condenser through step-up
transformers. The switch repeatedly opened the single-
phase short circuit thus provided without any failure

C—_— 0// Switeh 70:::7/'//'9:9";:
Tett. = /02.0 Amps. |
Eepr2 /520Nt T

3 / P i
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' |
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417+

Fic. 6—OsciLLograMm sHOWING CURRENT OPENED BY O1L

Switcu aAND VorraGe ACrRoss SwITcH AT OPENING

Note that 12 cycles are between initial contact separation and extinguish-
ing of arc
1.7y = 102 amperes

Ee/,f = 15,750 volts f = 50 cycles
to interrupt the circuit or any burning of the switch
contacts. Figs. 3 and 4 show oscillograms of switch
No. 2 opening 272 amperes at 5380 volts and 600
amperes at 12,780 volts, respectively.

Figs. 5 and 6 show oscillographic records of vacuum

SORENSEN AND MENDENHALL: VACUUM SWITCHING EXPERIMENTS

5—0sciLLoGrRAM SHOWING CURRENT OPENED BY VACUUM
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switch No. 2 and a standard make of oil switch opening
the same circuit on a load of 100 amperes at 15,000
volts. The tests were made under conditions as
nearly identical as possible, and within a few minutes of
each other. It will be noted from these graphs that the
rise in voltage when the circuit is opened with the oil
switch is greater than when the circuit is opened with
the vacuum switch. The oil switch in a large number
of tests failed to open the circuit on thefirsthalf cycle,
while the vacuum switch always opened the circuit on
the first half cycle. An examination of a number of
oscillograph records for oil switches and forthe vacuum
switching showed that when the circuit was opened the
rise in voltage above normal circuit voltage was higher
for the oil switch than for the vacuum switch. The
klydonograph® was used in some of the switching tests
to record any high-frequency surges that might occur.

Fia.

7—Vacuum Switca No. 3

In no case did the instrument indicate voltages much
above normal.

Following these tests, switch No. 8 shown in Fig. 7
was constructed. The figure shows the switch in the
closed position. Switch No. 3 was constructed pri-
marily to overcome the disadvantage, in switches Nos. 1
and 2, of having all moving parts sealed inside the glass
envelope of the switch, a condition requiring the operat-
ing solenoid to be kept energized when the switch is
open, unless a rather intricate locking mechanism also
be installed inside the switch to hold it open.

In switch No. 3, the moving contact is of the bayonet
type, the bayonet sliding into a cylindrical socket.
The bayonet is a 34-in. copper rod projecting into the
socket when closed so as to give a contact length of one
in., the total contact surface obtained in this way being
2.3 sq. in.  With this construction, there is only a single
break, the contacts opening so as to separate them a
distance of one in. when the switch is completely open.
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The single break appeared to function as well as the
double break used in switches 1 and 2. The switch
was operated by a standard switch-operating mecha-
msm borrowed from an oil switch. With such an ar-
rangement, the switch can be left open or closed at will.
Vacuum-tight joints for the lead-in conductors of this
switch were made by cementing to the glass envelope
metal caps attached to the leads and forming a part of
the leads.

After some preliminary testing in the laboratory,
this switch was taken to the Laguna-Bell substation of
the Southern California Edison Company and used as a
single-pole switch to open single-phase short circuits
on a 30,000-kv-a., synchronous condenser. In per-
forming the tests, the synchronous condenser was
brought up to speed on the distribution system of the
Edison Company, disconnected from the system
and immediately short-circuited through the switch.
The condenser used was a 6600-volt, three-phase,
Westinghouse condenser which, for the purpose of
testing the switch, was connected to the switch through
step-up transformers by means of which voltages across
the switch as high as 41,500 volts were reached. Fig. 8

Fic. 8—Vaicuun Swircs Opexing 926 AMPERES aT 41,594

Vorts

shows an oscillogram for this switch Interrupting 926
amperes at 41,500 volts.

A noticeable feature of the vacuum-switch tests is
that every oscillographic record shows that the are
produced at the opening of the switch is extinguished at
the end of the first half cycle after the separation of the
contacts. Only the very best oil-switch operations
give this result.

The absence of any pitting of switch contacts and the
fact that the vacuum is not reduced appreciably when
the switch is in operation is evidence that very little of
the energy dissipated when the switch is opened is used
In vaporizing metal from the contacts.

When the contacts separate, there is a visible are, just
as when a switch is opened in air or 0il. The magnitude
of this are, however, is much less than that of an are
made by like values of voltage and current in air or oil.
This is to be expected because there is nothing in a
vacuum switch to burn or to support combustion, as is
the case when a switch is opened in oil or air.

The action of the arc in vacuum also indicates a
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doubt as to the soundness of the theory that an are to be
maintained must be supported by thermions emanating
from hot spots on the electrodes between which the are
1s formed. J. Slepian’ has shown that an are is prob-
ably formed near the surface of metal electrodes by
very high temperatures caused by the concentration of
electric current in the gas immediately surrounding
the electrodes. The experiments at California Institute
of Technology show that the vacuum switch, when
opened, fails to interrupt an electric circuit if the metal
forming the contacts has not been freed of theadsorbed
gases; that is, gases adhering to the surface of the
metal.

The results of these experiments cannot be taken as
conclusive evidence that a new type of electric switch
has been developed, because the limits of performance
have not been determined and there are many problems
relating to details that must be solved to make the
switch practical. The switch, however, was never the
limiting factor in any of the tests made. There 18,
therefore, certainly sufficient encouragement to war-
rant further investigation of the subject for the purpose
of determining the fundamentals of switching phenom-
ena, if for no other reason. Also, we have the encour-
aging fact that many practical devices in use today
presented, in the early stages of their development,
obstacles which appeared greater than those which these
tests indicate.

The authors of this paper are indebted to those
already mentioned as having a part in the program, and
n addition, to graduate students in the Department of
Electrical Engineering,J.J. DeVoe, J. H. Hamilton, and
F. C. Lindvall, for assisting in laboratory and field
tests; to Julius Pearson and William Claney for their
skill in doing the machine work and glass blowing;
and also to the many members of the Southern Califor-
nia Edison Company who made provision for having
switches Nos. 2 and 3 tested on the Edison system and
helped in making the tests.
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Annual Report Committee on Power Transmission and
Distribution®
PERCY H. THOMAS, Chairman

To the Board of Directors:

INTRODUCTORY

The present report of the Committee on Power
Transmission and Distribution has been prepared
through the cooperative efforts of the members of the
Committee and does not represent the views of any par-
ticular member or group of members. Each of the sev-
eral topics found below has been considered by those
particular committee members who are the best
qualified to discuss that subject and the subject matter
herein is substantially that prepared by such members.

The purpose of the report is to cover the present state
of the art of Power Transmission and Distribution, or
the progress during the year, in such a way as to
present a clear view of what has been accomplished,
this being intended for the consideration not only of
transmission and distribution engineers but of other
members of the Institute interested in different branches
of the electric power field.

Where appropriate, at the end of each section there is
added for purposes of discussion a series of topics
covering subject matter now being investigated or
subject to controversy.

TRANSMISSION LINE STRUCTURES

The trend of the year in transmission structures is a
continuation of the study to move large blocks of power
over considerable distances. Attention has been given
to the design of lighter, cheaper, and simpler structures
by careful utilization of materials and by great atten-
tion to prevention of corrosion or other forms of rapid
depreciation.

A number of new construction methods and ideas
have arisen during the year for 220-kv. lines. In
eastern Pennsylvania a single-cireuit, 220-kv. tower line
has just been completed, designed for a general condi-
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tion of one-in. radial ice, with exposed sections at higher
elevations designed for a loading of one and one-half in.
radial ice. To limit the stress that can be thrown upon
the tower by unbalanced conductor pull due to unequal
loading or a broken conductor, a clamp has been de-
signed to slip at a moderate value. By this means it is
possible to secure economies in the weight of tower steel
and a decrease in the strain on and consequently the
cost of foundations and still assure the safety of the
structure.

The same line has brought forward a new structure
for heavy angles and dead-ends. To avoid the heavy
expense of the tower and footings of the conventional
self-supporting structure, use has been made of a guyed
mast. This structure is pivoted at the bottom and
guyed at the top so that all load upon the tower is
vertical and all side pull from the conductors is carried
to suitable anchorage through tension members.

In connection with this job a new splice for the steel
reinforced aluminum conductor has been developed.
This splice combines the advantages of small diameter,
ease of make up in the field, and high efficiency. The
usual twisted sleeve for the joining of the steel cores
has been replaced by a soft iron compression sleeve. A
single piece aluminum sleeve is then compressed over
the iron sleeve and the aluminum strands.

In California an extension to the Pit River—Vaca
Dixon, 220-kv. lines has brought out novel construction
for the crossing of the Sacramento and San Joaquin
Rivers and the interlying lowlands. The crossing has
an overall length of approximately 24,000 ft. and is
accomplished by the use of twelve suspension structures
and four anchor towers. The special suspension towers

the conductor resting in a saddle supported by sus-
pension insulator strings) vary in height from 200 ft.
to 460 ft., while the anchor towers and three suspension
towers on the island are standard structures. The two
river crossing spans are respectively 4185 and 3175 ft.,
but the adjacent structures bring the total distance
between anchor towers for these sections to 8000 and
8500 ft. Insulation and clearance to towers for the
crossing sections have been materially increased above
the general transmission design values to reduce hazard
of electrical trouble at these points. The entire pro-
ject is particularly novel because of the difficulties of
obtaining suitable footings and because of the extreme
height of the crossing towers.

In the Philadelphia region there has been a novel
development in double-circuit tower design for opera-
tion at 132 kv. Throughout this line the horizontal
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offset of the middle conductor has been toward the cen-
ter line of the towerrather than outward, as iscustomary.
In other words, the top and bottom crossarms are
longer than the middle one. This was done to provide
greater clearance, the minimum for the top conduetor
being six in. greater than for the other two conductors,
and the effect of the batter of the tower in reducing
clearance for the bottom conductor being avoided.
This line has been designed with special care to maintain
clearance to tower equal to the length of the insulator
string even under a condition of 30-deg. side swing.

This matter of conductor spacing and clearance to
tower members deserves special consideration at this
time. Clearance and spacings for the vertical con-
figurations now in common use for double-circuit
towers have become somewhat standardized, but for
the new types of towers using horizontal configura-
tion a new problem arises. If the double-circuit tower
with horizontal arrangement of conductors, such as
1s now in operation in New England, comes into general
use, it would be handicapped should unnecessarily
large spacing be adopted at the beginning. We have
experience on steel-tower, long-span construction with
horizontal configuration at 220 kv., 165 kv.,and150kv.,
and at lower voltages with wood pole construction.
It seems desirable to give attention to this matter of
horizontal spacing for long-span, moderate voltage,
double-circuit lines and to determine the relationship
of length of span and operating voltage to width of
spacing necessary for reliable transmission.

DisTRIBUTION

A-C. Low Voltage Networks. The subject of a-c.,
low-voltage networks, particularly as applied to under-
ground distribution in heavily loaded areas, has received
fully as much attention during the current year as any
other distribution problem. A number of installations
have already been made and a number are being con-
templated. The main features of the problem relate
particularly to (a) the method of protection against
failure of the transformers and primary feeders supply-
ing the network, in order to insure proper continuity
of service, and (b) the most selective isolation of any
portion of the system which has developed fault.

During the year there have been developed new types
of network protectors consisting of low voltage circuit-
breakers with relay and automatic reclosing features,
and also submersion-proof, automatic oil-circuit
breakers for primary voltages up to 15,000 volts.
These two types of equipment are used respectively
with two general methods of supply for a-c. networks:

1. Interlaced radial primary feeders with secondary
network breakers and reverse power protection.

2. Loop primary feeders sectionalized by circuit-
breakers and balanced pilot wire protection.

Secondary Distribution Systems and Voltages. Second-
ary a-c. systems and voltages have received extended
attention. This has arisen primarily from network
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situations and the desire to establish combined lighting
and power secondaries.

Owing to the square root of three relation which
exists between phase, voltage and normal neutra)
of a three-phase system, it is necessary either to sacrifice
an entirely balanced loaded system, or else to deviate
from either or hoth of the lighting or polyphase motor
voltage standards, as the ratio between these voltages
is two to one. This has resulted in some engineers
advocating the modification of the present standard
motor voltages, the development of special distribution
equipment such as translators, ete.

Often the problems of secondary distribution are
greatly influenced by local conditions, principally by the
type of system already in existence, when the inherent
economies of the different systems do not differ widely.
Also the costs of changeover may outweigh the potential
savings.

System Grounding Practise. There has been consjd-
erakle discussion with reference to grounding practise
on distribution systems, particularly on the 4000-volt,
three-phase, grounded neutral primary systems with a
common neutral for both the primary and secondary,
and having distributed grounds. This type of system,
which it is claimed offers very considerable economies
and decreased operating hazards, is receiving increased
attention on the part of central station engineers and
has been the subject of papers before the Institute
during the past year.

High-Voltage Distribution. Using the term “high
voltage” with reference to primary distribution voltages
above the 4000- to 4800-volt class, the past year has
seen more extensive use of the higher voltages and the
improvement of methods of construction and protective
devices for minimizing costs and operating hazards.
There is an increased tendency toward the utilization
of voltages of the magnitude of 13,200 volts, which
often are the generated voltages, and even higher, for
the supply of power for general distribution instead of
only for large power consumers. The simplicity and
economy of this method in territory having sufficiently
great density of load are apparent from the saving
in sub-station investment, the avoidance of one trans-
formation, less complication, and decreased primary
distribution copper, as compared with the lower
voltages. The problems of voltage regulation, in-
surance to service, and decreased operating hazards
have been given such study that very favorable results
have been reported.

Street Lighting Daistribution. The advantages of
supplying the street lighting system from the general
distribution system instead of from specialized equip-
ment located in sub-stations have become Increasingly
apparent. The past year has witnessed a greater
application of decentralized supply for street lighting.
The choice between multiple lighting with individual
or group supply from secondary mains, and series
circuits supplied from pole or subway type constant-
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current transformers depends very largely upon local

conditions such as the availability of lighting mains
over the entire territory. The development of reliable
outdoor control equipment for both multiple and series
systems has made substantial progress.

Power Factor. Power factor conditions on distribu-
tion systems have received increased attention. This
has led to the development of motors for industrial
service which operate at higher power factors. In-
creased attention has also been given to the possibility
of power factor correction by means of synchronous or
static condensers. The use of these latter devices in
smaller sizes than heretofore considered feasible is
now being advocated in many instances. There is a
general tendency to raise the power factor on the in-
dividual distribution feeder as resulting benefits will
be broader than with correction at sub-stations.

Single- Vs. Multiple-Conductor Cable. Particular
attention has been directed toward the possibility
of using single rather than multiple-conductor cable for
distribution purposes. Where local conditions warrant,
the single-conductor cable has many advantages, among
which may be noted its superiority as regards con-
nection to apparatus, localization of faults, and pos-
sibility of replacement of only a single phase of the
. circuit rather than the entire circuit. These points
are particularly true in regard to distributing mains,
secondary mains, and services.

For primary feeders the tendency is still to favor the
multiple-conductor cable, although in several instances,
depending upon local conditions, it is probable that
some saving in yearly operating costs could be made
by using single-conductor.

Continuty of Service. Continuity of service to cus-
tomers has been improved by improved methods in
fusing of distribution transformers and by the greater
utilization of automatic reclosing feeder circuit breakers.

As distinguished from the earlier practise of fusing
transformers mainly to protect them against overloads,
the practise now tends toward higher fusing, to clear
the transformers only in case of short circuits and for
the protection of the primary circuit. With proper
coordination with the relaying of the feeder breakers
in the sub-station, there is increased assurance that
failure of a transformer will not trip the entire circuit
and, with radial secondary mains, only the customers
supplied from the faulty transformer are interrupted.

Continued experience with automatic reclosing equip-
ment on sub-station feeder circuit breakers has shown
that the continuity of service to customers is greatly
improved owing to the interruptions being usually
momentary in the event of trouble on the circuit
such as tree contacts, momentary heavy overloads,
short circuits, ete.

Group Feeder Voltage Regulation. The past year
has shown a tendency to make use of group, rather than
individual, regulation for distribution feeders. This
results in a simplification of the apparatus necessary
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in the sub-station and accordingly affords some econo-
mies. Group regulation is made possible for those
feeders having approximately the same per cent drop
from the sub-station to the load center and which carry
approximately the same magnitude and type of load,
such as in an a-c. network.

INTERCONNECTION OF POWER UTILITIES

The practise of interconnecting adjacent utilities and
This
practise differs fundamentally from the interchange of
power between power plants in a given system in that,
in place of the unitary operation and one-man control
of the single system, interconnection usually involves
independent operation and independent control of the
separate utilities. The result of actual operation in-
dicates that unless attention is paid to the synchro-
nizing characteristics of the interconnections and
sufficiently close cooperation is secured in operation,
each company must be prepared, at least on occasion,
to care for its own load, since at times of disturbance
it sometimes happens that synchronism between the
utilities is lost and the systems separated. This diffi-
culty is especially to be feared in territory subject to
disturbance from lightning.

While the benefits of continuity of operation may of
course be obtained with interconnected utilities by the
same technical methods used in the operation of single
large systems, namely, by one-man control and the
proper design of governor and other apparatus and
connecting lines, such coordination has not so far been
undertaken on any large scale.

One of the most notable and extensive interconnec-
tions exists in the southeastern states and. recent
experience in this district is important. There has
existed for several years a connection at 110,000 volts
between the Alabama Power Company system and the
Georgia Railway & Power Company system, the con-
nection being between Gadsden, Alabama and Lindale,
Ga. In the late fall of 1924 interconnection was
completed at 110,000 volts between the North Auburn
Sub-station of the Alabama Power Company and the
Columbus Electric and Power Company’s sub-station
at West Point, Ga. An interconnection at 110,000
volts was also completed in 1925 between Columbus
Electric & Power Company’s Bartlett’s Ferry plant
and the Central Georgia Power Company at Macon,
Ga. During the dry season of 1925, these inter-
connections were used to the limit of their capacity
in order to transmit power from the steam plants in
Alabama to supply the deficiency of the three above
mentioned companies in Georgia and also to Augusta,
Ga., to which point the Georgia Railway & Power Com-
pany extended one of their 110,000-volt circuits.

In 1925 no particularly new problems in operation
came up and it was found feasible to interchange blocks
of power as large as 40,000 kw. over tie lines which
were originally constructed for capacity of 25,000 kw
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The principal features to be worked out in connection
with the interchange of large blocks of power as far as
we have seen in the south are the maintenance of proper
frequency and the absolute necessity of the receiving
system taking care of not only the wattless current of
their own system, but also part of that for the sending
system. The necessity of having synchronous condens-
ers or other regulating equipment in order to maintain
satisfactory voltage conditions at the recelving load
centers if entirely satisfactory service was to be given
was clearly demonstrated. Practically none of the
interconnected systems in the south have sufficient
condenser capacity for conditions such as existed during
the drought of 1925. It was frequently necessary to
operate large hydro generators as condensers in order
to take care of wattless current and voltage regulation.
Not being primarily designed for such work, these
generators, of course, are not as satisfactory as syn-
chronous condensers.

It was demonstrated that many of the apparently
difficult problems of coordination and of technical
details as to handling of an individual company’s
load in a group of interconnected but independently
operated systems largely disappeared when it became
a question of subordinating these things to the necessity
of obtaining power to take care of one’s customers.
The dry season of 1925 further showed the possibility
of steam plants taking care of a serious shortage of
hydro power. Power was actually relayed a distance of
approximately 500 mi. at 110,000 volts. It was found
necessary in some cases to revise relay set-ups of the
interconnected companies from their normal set-up
in order to take advantage of the maximum interchange.
Necessity made many things possible which would not
have been done under normal operating conditions.
An Operating Committee has been functioning among
the power companies of the southeast for some two
years, exchanging data on load and generating con-
ditions. This committee worked exceedingly well
coordinating to make the maximum use of the power
available. Through this committee, load dispatchers
gained a better perspective of the interconnected
systems, and while each system was operated inde-
pendently, they were so coordinated that there was no
difficulty in making the maximum use of the trans-
mission lines and generating plants.

Speaking generally, it is felt to be proved with rea-
sonable satisfaction that the interconnection of
independent systems has been of material benefit in
reducing the period of outage due to serious trouble
on any one system. Without absolutely unified control
of the operation, it is somewhat questionable just how
far the interconnection of systems has operated to
prevent momentary outages. Unquestionably, it has
reduced the duration of outages, however. During
the progress of interconnection, from experiepce in the
southeast, the following seem to be the most important
items to be considered:
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1. A more careful investigation of relay protective
equipment of each individual system and their coor-
dination with other systems so that the maximum
benefit of interconnection may be made use of.

2. The installation of more synchronous condenser
capacity at most centers to take care of wattless
current and for voltage regulation.

3. A more thorough understanding on the part of
load dispatchers and operating superintendents of
each other’s system requirements so that shortages
may be foreseen as far in advance as possible.

4. A careful study of the value of booster trans-
formers at the point of interconnection between
systems, these transformers to be equipped. with tap
circuits so that the voltage may be changed as required
to supply current in either direction without disturbing
the balance of either of the two interconnected systems.

The following additional topies for discussion are of
general importance:

5. What is the most feasible method of interconnect-
Ing large systems, whether under one-man control
or not, so that continuity of supply may be assured
to all from a base load plant?

6. How should the interchange of power between
particular systems and the power factor at various
points be controlled where three or more Independently
operated systems are mutually interconnected by
several links?

UNDERGROUND CABLES

The outstanding advance in the field of underground
transmission during the past year has been the develop-
ment of a radically new type of single-conductor cable
for operation at 182 kv., three-phase. The New York
Edison-United Companies and the Commonwealth
Edison Company have placed orders for such cable
for lines about 10 and 6 mi. long, respectively, for
installation this year. The carrying capacity will
be about 90,000 kv-a. per circuit.

The cable willhave a600,000-cir. mil. hollow conductor
insulated with 23 32in. of impregnated-paper insulation.
This thickness is less than has been used on single-
conductor cables recently installed on 66- and 75- kv.,
three-phase circuits in this country. The overall
diameter will be about 3.1in. The cable will be Impreg-
nated with a thin oil which will be under pressure during
operation, in order to minimize the possibility of the
formation of voids in the insulation.

The lengths will be connected so that the hollow space
will be continuous through the ordinary joints. The
line will be divided into sections about one mi. long,
each section ending in barrier joints, wherein the copper
conductors will be connected, but the central hollow
spaces of adjacent sections will be blocked from each
other. Elevated reservoirs will be connected by pipe
lines which connect through the barrier joints to the
hollow space in the conductor and thereby maintain a
hydrostatic pressure on the oil. When the cable be-
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comes warm during operation, oil will flow from it
into the reservoir and vice versa.

An unusual feature of this cable is the large charging
current which amounts to about 2400 kv-a. three-
phase per mi. of line at a leading power factor of about
one per cent.

Several manufacturers are developing other types of
182-kv. cable and making length for short experi-
mental installations.

There has been an increasing interest in three-
conductor cable which has a metallic covering over the
insulation of each conductor and no belt insulation.
A number of commercial installations are at present
being made in this country at 27 and 33 kv.; and it is
reported that several installations of similar type
cable have been made in Europe at various voltages
including higher voltages.

The data accumulated by the Electrical Testing
Laboratories on their inspection and tests of several
million feet of high-tension cable as reported by F. M.
Farmer at the Madison meeting, A. I. E. E., May 6th
and 7th, show a marked improvement in the quality
of the cable made during the last few years. This is
shown by the increase in the dielectric strength and
reduction of damage to insulatign due to bending test.
The improvements in quality shown by such test data,
combined with operating experience, has led to con-
siderable reductions in the insulation thickness used

by some operating companies, and the use of higher -

voltages for given thicknesses of insulation.

Several American manufacturers are now using
wood pulp paper for a portion or all of the insulation
in the cable. In some cases the paper is entirely wood
pulp, while in other cases the paper is-a combination
of wood pulp and manila hemp stock. Some manufac-
turers report that this paper will lead to improved
dielectric strength and decreased cost.

It has been learned that one of the principal causes
of the failures in high-voltage cable was the use of
impregnating compounds that were unstable under
the dielectric stresses and temperatures of normal
operation. Some of the manufacturers and the Elec-
trical Testing Laboratories have developed tests which
will aid in the selection of compounds free from this
difficulty.

Some questions now under discussion are as follows:

1. The use of wood-pulp paper insulation instead
of paper made from manila hemp rope fiber.

2. The use of three-conductor cable which has a
metallic covering over the insulation of each conductor
and no belt insulation for voltages above 33 kv.

3. The limiting voltage for three-conductor cables
of standard construction.

4. Changes in the test requirements now included
in specifications for high tension cables so as to secure
more satisfactory operation.
~d5. Possibilities of increasing the maximum operating
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voltage of underground cables by changing the type
of construction.

STABILITY AND LoOAD LIMIT IN LONG TRANSMISSION
LINES

During the past three years, very considerable
progress has been made in the subject of transmission
stability and load limit, and it seems appropriate at
this time to make a resumé of the present status of
this problem.

It is now generally recognized that stability consti-
tutes an important problem in the transmission of power
over long distances, or for large amounts per circuit.
Furthermore, many of the interruptions to service on
existing systems have been due to instability at times
of transient disturbances, which situation has been
recognized as a result of increased knowledge of system
operations during and after an abnormal disturbance
condition. The extensive investigations which have
been made during the last few years have increased
our technical knowledge of the stability problem, so
that at the present time, given the necessary basic
data and machine performance circuit constants, ete.,
the performance of any system in regard to load limit
or static or transient limits can be predicted with a
sufficient degree of accuracy for the present purposes.
It is believed that the various groups which have been
working on the problem would give substantially
the same results for identical assumptions as to the
layout of the power system, and as to the rate of
variation of prime mover governors, kind of voltage
regulators, duration of disturbance, etc. The way in
which the stability problem affects the design of layout
1s understood from the technical side, and a number
of schemes have been proposed for increasing the sta-
bility of systems.

In the actual operation of power systems, the way
in which stability studies will manifest themselves is
by reducing the number or duration of interruptions
to service or by permitting the increased amount of
power to be handled without reducing the standard
of service. At the present time, the principal problem
is not one of determining how the system will act for
a definite set of conditions, but to what extent it is
desirable to modify the design of systems in order to
improve them from this standpoint. In order to do
this, it will be necessary to get the cooperation of the
operating companies so as to interpret on an economic
basis the costs of interruptions to service. When this
has been done, it will be a relatively simple matter to
determine the additional expense in remedial measures
for improving stability which should be employed
in any particular case.

The practical value of means to increase the stability
or load limit of any system may be evaluated on the
basis of the amount of additional power that may be
delivered over the system based on the conditions that
the transient stability or load limit of the system will
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be the same for a given fault condition as it would be
for the system without the means with the lower quan-
tity of power delivered. The determination of the
actual load at which the systems will be run is a matter
for the operating engineers themselves to decide, as
this involves the income value of the good will obtained
by increased reliability of service which is difficult
to define and which will vary with different Jocalities
and at different times. In connection with the sta-
bility problem, there are certain speculative factors
which can be evaluated only by the statistical method.
Such factors include the value of fault resistance, the
average duration and character of various types of
disturbance, ete. In this connection, it should be
pointed out that the ordinary records obtained on
systems are entirely unsuitable for interpreting the
stability conditions, because such instruments are not
adapted for recording the high frequency electro-
mechanical transients which take place at times of a
disturbance. Of particular significance is the move
taken by one or two power companies to install specially
designed recording apparatus for obtaining adequate
records on operating experience from the standpoint
of stability. This will logically lead to increased in-
formation as to the operation of existing systems,
and will utimately result in the obtaining of sufficient
statistical data from which one can predict the operation
of future systems.

During the past year, much progress has been made
In increasing our technical knowledge of the subject
of transmission stability and load limit. Probably
the most important investigations are those of tests
on an actual system. These tests included both
switching operations and short circuit- tests, and are,
described in a paper presented at the Midwinter
Convention by Mr. Roy Wilkins. At the Seattle
Convention, two papers dealing with the general aspects
of the stability problem were presented, one by Messrs.
Doherty and Dewey and another by Mr. Fortescue.
At the Midwinter Convention, Messrs. Nickle and
Lawton presented the results of recent laboratory
and shop tests on stability. Miss Clarke presented a
method for the determination of static stability limits.
Mr. Wilkins presented the paper describing the stabil-
ity tests on the system of the Pacific Gas & Electric
Company. Messrs. Evans and Wagner presented a
method for the determination of static stability limits
and gave the results of calculations by this method
with comparisons of the test results obtained on the
P. G. & E. Company system.

Certain power limits have been defined in these
papers and it is recognized now that with absolutely
fixed excitation for both sending and receiving systems
there is a definite power limit under steady load con-
ditions. This power limit depends in this case upon
the synchronous impedance of the machines at the
sending and receiving ends. If we take the value of
excitation which gives the desired terminal voltage
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at the power limit we have the static stability or load
limit with “fixed excitation’’ or what is termed hand reg-
ulation. [t is also recognized that the load limit under
transient conditions may be lower. [t i8 not determined
by the synchronous reactance solely, but is aifected also
by what is known as the transient reactance, and the
‘“leakage reactance’ of a machine in varying degrees
depending upon conditions. It may be stated perhaps
more consistently, however, that this action depends '
upon the actual field being maintained essentially
constant for a short period due to internal currents
induced in the damper and field windings. In the
case of machines operated with automatic voltage
regulators there is a theoretical possibility of further
extending the limits of stable operation over those
obtainable with hand operation. Full agreement
on this point has not been reached. One group reports
that considerable increase in the limits has heen ob-
tained experimentally and the other group reports
inability to secure any increase in the limit over that
obtained with “fixed exeitation.”

In view of the fact that the operation of power
systems at times of transient disturbances is a relatively
complicated phenomenon, it is quite natural that the
extensive discussions which have taken place on this
subject should have tended to emphasize the relatively
minor points on which full agreement has not been
secured, and has tended to obscure the major points
which have been established. It has, therefore, seemed
desirable to present at this time a statement of those
underlying principles requisite for good stability
conditions. They are as follows:

1. Low series reactance.

2. The supply of reactive kv-a. as close as practi-
cable to the point at which the demand originates.

3. The maintenance of internal voltages in machines
by special excitation schemes, or by the use of special
machine characteristics.

4. Such a layout of the system as to reduce to a
minimum the effect on stability of any abnormal
condition. For example, the avoidance of a concen-
tration of power in any particular piece of equipment
such that a single fault could render a large part of the
system ineffective.

5. The rapid and selective isolation of faults.

In line with the policy which has been laid down for
the Annual Convention of presenting committee reports
and inviting discussions, the following topics are sug-
gested as worthy of further study and suitable for
discussion at the Annual Convention:

1., Further investigations of the stability problem
require a more exact knowledge of the characteristics
of machines under transient conditions, including
among other factors the effect of damper windings.

2. Further work will be required in connection with
schemes of excitation designed for the purpose of
maintaining internal voltages in machines constant
during transient conditions.



Dec. 1926

3. Special designs of machines such as compensated
machines will be subjects for further discussion and
study.

4. A number of measures for increasing stability
have been investigated, but are of such great importance
that actual operation experience will be required before
their true value in improving stability can definitely
be ascertained. In this category is included the inter-
mediate condenser station, the special governor control,
and the compensated machine.

5. A somewhat different line of discussion would be
advantageous to bring out the relation between the
probability of outages and system loads.

6. Also the determination of the safe operating
angle between internal voltages of synchronous ma-
chines, or the relation of this angle to the probability
of outage.

INSULATORS

During the year there have been no outstanding
changes in the design of line insulators either of the pin
or suspension types, though the art appears to be de-
veloping slowly but surely toward increased reliability
in service. This improvement is largely in the mechan-
ical sense and relates principally to suspensioninsulators.
On the electrical side, there is a gradual crystallization
of ideas on the means of safeguarding high-voltage,
insulator strings from flashover.

Mechanical. Owing to the relatively severe require-
ments of heavy high-voltage lines, it has been necessary
for both manufacturers and prospective users to make
extensive tests on the behavior of insulator units,
particularly under long sustained mechanical loads.
As a result, there are already-in use insulator units of
so-called high strength type which are capable of sup-
porting for short periods loads of the order of 25,000 1b.
Units of this type, when subjected to a continuously
applied load, will sustain 16,000 to 17,000 1b. for periods
of a year or more without undue failures. Types of
still higher duty have also been developed, and it is
possible to purchase units having a combined electrical
and mechanical strength of approximately 45,000 1b.
Results of these studies are also reflected in a marked
increase in strength of some of the standard 10-in. units.

Although such tests have been able to furnish much
information upon the ultimate strength of insulators
under various loading conditions, but little is known of
the factor of safety that should be employed. It has
been customary to assume a maximum safe working
load of 3000 Ib. on the ordinary 10-in. suspension
unit of 11,000 Ib. ultimate strength. A disposition
to use somewhat higher loadings has now become evi-
dent. Likewise, in the case of the above described
high-strength units capable of indefinitely withstanding
test loads as high as 16,000 1b., the assumed maximum
safe loads in service have been fixed by some companies
at 6000 to 8000 1b. The question naturally arises
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as to whether it might not be safe to use much higher
assumed maximum loadings.

The design of pin-type insulators is tending toward
the use of fewer insulator shells for a given voltage
and this practise leads to an important saving in cost
without lowering the dry flashover value and without
appreciable sacrifice in reliability. The latter is made
possible because of perfected methods in manufacture
leading to a uniformity of product not heretofore
attainable.

The subject of porosity has practically ceased to be
an important factor in insulators manufactured by any
of the older and well established companies.

One manufacturer in this coantry is engaged upon
the problem of commercially producing Pyrex insula-
tors. Apparently much developmental work yet
remains to be done, but the material has considerable
promise, particularly because of its high immunity
against shattering when exposed to heavy arcs.

Foreign development in insulators is different from
American practise, in that much effort has been devoted
to avoiding the use of cement in assembling. The
German manufacturers have been particularly active
in this direction and have produced various cementless
types, of which the ‘“Kugelkopf”’ and "‘Motor” are
typical. The latter insulator consists of a heavy
cylindrical section of porcelain carrying a porcelain
skirt at one end and either a porcelain skirt or a metal
shield at the other end. Mechanical loads are sup-
ported by means of a metal cap attached at each end
of the ecylindrical section by means of a lead alloy.
In pin-type insulators, foreign practise has adhered
largely to the use of hemp in binding the shells together
and for attaching pins. :

FElectrical. For extra high voltage lines, much work
has been done during the past year in connection with
the grading and shielding of insulator strings. The
results indicate that it is entirely feasible to safeguard
insulator strings for operating voltages up to 220 kv.,
but entire agreement has not yet been reached as to
the most satisfactory method to apply. Discussion
turns upon whether such protection should take the
form of arcing horns, rings or shields which also provide
a reasonable degree of potential grading, or whether the
protection should consist of insulated horns, which
arrangement has been designated as ‘“flux control.”
Generally speaking, these two methods are predicated
upon opposing theories as to the origin of certain types
of flashover. Thisisa subject upon which it is expected
operating data will be rapidly collected.

General. Pillar insulator designs have been changed
but little during the past year, but a pressing demand
exists for insulators of this type having greater mechan-
ical strength hoth in the low-voltage and high-voltage
ranges. It is possible to obtain certain types of pillar
insulators of considerable strength which are suitable
for heavy duty at the low voltages, but these are quite
expensive.
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. During the year some of the highest voltage catenary
msulators yet designed have been installed.

b Closely related to the subject of insulators is the
development during the past two or three years of large
coupling condensers for carrier current work on high-
tension transmission lines. These condensers, while
experimental at first, have later demonstrated a re-
liability in keeping with insulator bushings and other
similar high-voltage equipment.

INDUCTIVE COORDINATION OF POWER AND COMMUNI-
CATION CIRCUITS

During the past year the work of the Jeint General
Committee of the N. E. L. A. and the Bell Telephone
System has been continued and progress has been made
by the Joint Subcommittee on Development and
Research in its studies of a number of specific problems,
among which may be mentioned coordination of trans-
positions in power and telephone circuits, induction
under conditions of jointly used poles including the
effects of unbalances in local telephone circuits and
power distribution circuits, the origin and regulation
of harmonies in power circuits, survey, composition,
and effects of noise in telephone circuits, residual
voltages and currents of power systems, induction in
carrier communication channels, and energy level
of telephone circuits. The studies of many of these
subjects have been facilitated by the development of
improved measuring apparatus and methods, partic-
ularly in connection with the wave analysis of power
circuit voltages and currents and induced voltages
and currentsin telephone circuits, and also in connection
with the measurement of carrier frequency currents
_on working power lines.

The organization of the American Committee on
Inductive Coordination has been completed and the
committee has issued a preliminary report.

Two papers dealing with the subject of inductive
relations between power distribution -circuits and
telephone circuits were presented at the Seattle Con-
vention in September as part of a symposium on power
distribution.

RURAL DISTRIBUTION

Interest in the satisfactory and economic supply
of energy to the farmer has increased considerably in
the past year. Rural supply has undoubtedly been
most highly developed on the Pacific Coast, yet the
year has seen a greater study given the subject both
in the middle west and in the east. Twenty states
have set up organized analyses of the situation and
experimental projects are now under way.

The small number of customers per mile (averaging
perhaps two to three) makes necessary a cheap type
of construction which must, however, be sufficiently
rugged to demand little maintenance and assure fair
service. Three-phase, four-wire main feeders with
single-phase and neutral legs to outlying farms seem
to be a reasonable answer to the problem, and have
come into use in the middle west. On these single
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branches galvanized iron wire is used in some sections
of the country for obvious economies, the neutral is
stapled directly to the pole top, and the phase wire
is carried on a bracket with suitable insulator. These
extensions are connected to the main feeders through
expulsion fuses. While this represents the cheapest
type of construction, there are many cases where it is
adequate.

Transformers suitable for farm work have been on
the market for some time but even this new apparatus
has been expensive. Some transformer makers have
now come forward with good designs for this service
and there are now available transformers that are in
line with the general economies needed to make a
rural line a paying proposition.

There has been given considerable thought to the
development of portable equipment for transient
needs and many new ideas have been evolved to render
this service. Portable transformer, metering, and
motor apparatus is generally available to furnish power
to the farmer for wood cutting, threshing, and the like.
This equipment is now generally furnished by the
power company and a service man usually supervises
its use, the general trend being away from the ownership
of such apparatus by cooperative groups.

FOREIGN PRACTISE

The Committee has secured this year one paper on
foreign practise on power transmission and distribution,
this paper being presented at the Niagara Falls Regional
Meeting. More variety of design and much less uni-
formity of construction is noticeable in this country
than abroad.

One of the most notable events of the year abroad is
perhaps the Wier Report, recommending the adoption
of a universal electric power distribution system serving
all England and southern Scotland, with some excep-
tions as regards the city of London. It is proposed
in this report that all the power for use by the system
shall be generated in some 50 to 60 power houses, this
constituting about 10 per cent of the present number
of power houses. It is proposed that the National
Government own the transmission lines and buy and
sell the power at a price based essentially on cost
allowing a fixed return on capital,—614 per cent
plus depreciation on money now invested. The dis-
tribution systems and the power generating plants,
although subject to close government control, would
be privately owned. The most important of the gen-
erating plants are proposed as mine mouth plants.

It 1s reported that a bill has passed the second reading
in the House of Commons which is intended to carry
out some such scheme although departing somewhat
from the recommendations of the Wier Report.

Conclusion. In general it may be said that steady
progress 1s being made in many directions in the field
of power transmission and distribution and that a
continuous expansion in the number and capacity of
transmission systems may be expected.



The Vincent 220-Kv.

Transmission Line

- Engineering and Construction Features

BY C. B. CARLSON! and

Non-member

Synopsis.— This paper deals with the design and consiruction of
the third 220,000-volt line between Los Angeles and Big Creek,
giving the results and brief descriptions of the research engineering
investigations which were carried out in connection with the design.

The salient features of the line are:

Terminals—DBig Creek No. 8 and Gould Switching Station,

near Los Angeles.

Length—223.5 ma.

Route— Direct route with few angles.

Dead-ends— Dead-ends only al station terminals and heavy angles.

Small angles—Small angles up to 11 deg. 40 min., tn some cases,
turned on suspension insulalors.

Conductors—Steel reinforced aluminum. 1,033,500 cir. mals
aluminum, 64 strands. 134,000 cir. mils steel, 7 strands. Weight:
1.331b. per ft. Diameler: 1.247 in.

Overhead Ground Wire—None.

Towers— Towers of high elastic limil steel. Height of standard
lowers, 64 fl. lo crossarm.  Height of anchor tower, 56 fl. to cross-
arm. Weight of standard tower, 8890 lb. Weight of anchor
tower, 13,600 1b.

S indicated in Fig. 1, which shows the general
A location, the line starts from Gould, crosses the

San Gabriel Mountains where it reaches an eleva-
tion of 5609 ft., and then crosses the Antelope Valley.
Thereafter it passes over the Tehachipi Mountains
at an elevation of 5361 ft., beyond which it crosses the
southern end of the San Joaquin Valley, and then stays
in the foothills along the eastern edge of that valley until
it reaches the mountains at Big Creek where it crosses
Pine Ridge at an elevation of 4827 ft.

The first fifteen-mile section through the San Gabriel
Mountains is the roughest and most inaccessible part of
the route. Through this section it was necessary to
construct a road to serve the line,—more than two miles
of road for every mile of line. But this heavy road
expense is less than the right of way expense would have
been for a route. paralleling the old Big Creek lines.
The remainder of the line is very accessible to already
existing lines of travel with a few exceptions where short
pieces of road are being constructed

The average number of towers per mi. is 3.94. The
normal span in level country for standard towers with-
out extensions is 850 ft. in heavy loading districts and
1000 ft. in light loading districts. As a matter of fact,
there are very few, if any, normal spans because of the
man-made obstructions in the level country, such as
roads, power lines, etc. The span lengths for the whole
line range from a minimum of 336 ft. to 2 maximum of
5191 ft. The two longest spans are the same length.

L. Both of the Southern California, Idison Company, Los
Angeles, Calit.

Presented at the Pacific Coast Convention ofthe A. 1. E. I.,
Salt Lake City, Utah, Sept. 6-9, 1928.
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Tower Foolings—Grillage footings in earth. For standard towers,
4 f1. 8 in. sq. al base and 8 ft. deep. Weight, 2040 1b. For anchor
lowers, 7 ft. 6 in. sq. al base and 9 fl. deep. Weight, 6720 1b.

Tower Extensions—Height 7, 14, or 21 fl. Any of these heights
may be placed on any or all corners of the lower and in a few special
cases tn combination with an additional 1/-fl. exlension on all
corners.

Insulators—10-in. cap and pin having minimum combined
electrical and mechanical strength of not less than 18,000 1b.

Suspension insulalor assembly: Single string of 13 unils where
mazimum stress in string will not exceed 6000 lb. Double string
18 unils in length where mazximum load will exceed 6000 1b.

Dead-end assembly: Double string, 15 units in length.

Tie-down assembly: Single string of 14 unils.

Shield Rings—Hoops of 3~in. by 3/1s-in. strap iron.

Bird Guards—Pans and saw-tooth guards on all towers.

Increases in the generalor capacily al Big Creek, which are
scheduled to be compleled in 1928, will require more transmission
capacily to deliver the power (o Los Angeles. For lhis reason, a third
220,000-volt line is being built between those points.

It happens that a change from heavy to light loading
occurs at one end of one of these spans, sothe conductors
are dead-ended there. Otherwise these two long spans
are supported on double-string suspension insulators.

LOCATTION AND SURVEY

The general route of the line was chosen from a study
of maps and from a general knowledge of the country.
Reconnaissance along this route was carried out by
airplane, automobile, horse, or on foot, the choice
between the last three means being made according to
the terrain. The whole route was flown over at least
once and parts of it several times. In two highly
developed sections, airplane photographs were taken.

After the reconnaissance work was done, the line was
run with transit and chain. It was so located with
regard to topography and man-made improvements
that a total of four circuits can be placed side by side
with 80-ft. center line separation, but a 200-ft. right
of way to accommodate two circuits is all that has been
obtained. The line actually run on the ground was the
center line of the west tower line. In the rough
country where there were no control points, a tri-
angulation system was laid out as a check on the line
survey.

The profile of this center line was run, using vertical
angles and slope distances, and checking on U. S. G. S.
and other bench marks of known elevation wherever
such were available. Side slopes were taken at the
probable tower locations and at all points where the
clearance from one of the outside conductors to the
ground would be near or less than the allowable
minimum.
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With this information on the profile the towers were
located by means of a celluloid template. Survey crews
took these paper locations into the field and staked out
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the tower footings, moving the towers along the line if
this improved the setting of the towers without de-
creasing the conductor clearances below the allowable
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amount.
elevations of the footings were determined consistent
with the use of the various lengths of leg extensions and
downward footing extensions. This information was
turned into the office where it was checked in regard to
the proper footing elevations and the economic bhalance
between cost of extension and cost of exeavation.
After checking, it was used for making bills of material
for tower and footing extensions.
TELEPHONE LINE

A four-wire telephone lead supported on pressure-
treated, southern pine poles is being built. It islocated
mostly along the roads near the transmission line. It
will serve the Construction Department until the trans-
mission line is completed, and after that it will be used
for the routine operation of the line and as an additional
communicational facility between Los Angeles and Big
Creek.

LLOADING ASSUMPTIONS

The line from Gould to the south end of the San
Joaquin Valley and for 10 mi. south from Big Creek
No. 8 is in so-called heavy loading territory where it is
assumed that the most severe loading conditions will
be one-half in. radial thickness of ice at zero deg. fahr.,
with a wind pressure of six lIb. per sqg. ft. on the pro-
jected area of the ice-covering. These sections are
generally above 3000-ft. elevation except the 18 mi.
across the Antelope Valley, which has an elevation of
2500 to 2700 ft. where the line crosses but which is
subject to high winds and low temperature. The
remainder of the line is in light loading territory where
the maximum loading conditions are assumed to be
no ice at 25 deg. fahr. with a wind pressure of eight 1b.
per sq. ft. on the projected area of the wire.

CONDUCTOR

The preliminary mechanical and electrical studies to
determine the most economical conductor, tower
height, and conductor tension were described by Messrs.
Carlson and Shaw at the Pasadena, 1924 Convention.?
Since that time the design has been completed. Con-
struction of the necessary roads began in August, 1925,
and actual line construction began about January 1st,
1926. It is expected to have the 96 mi. between Gould
and Magunden in operation by November, 1926, and
the whole line in operating condition by the early
months of 1928,

The conductors are steel reinforced aluminum cables
having 54 aluminum strands and seven steel strands
each 0.1385in. in diameter. The total diameter is 1.247
in. and the cross-sectional area of the aluminum is
1,033,500 cir. mils. This is equivalent in conductivity
to 650,000-cir. mil copper. The weight is 1.33 lb. per
ft. The approximate ultimate strengths are 20,000 Ib.

2. Transmission at 220 Kv. on the Southern California Edison
System, Sections 3-A and 3-B, Economic Studies of Transmission
Line Design, C. B. Carlson and W. D. Shaw, A. I. E. E. Jour~ar,
Vol. 43, Oct. and Nov., 1924, pp. 907 and 1025.

In staking the footing locations, the proper
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for the core and 36,000 lb. for the composite cable.
This is probably the largest cable ever used as a
transmission line conductor.

The line was designed for a maximum conductor
tension of 12,000 Ib. in both heavy and light loading
territory, which gave practically the same unit stress
as had existed in the old Big Creek lines for 11 years, but
when it came to fitting the wire curve to the profile
it was found that strict adherence to the 12,000-1b.
maximum would give low clearance from conductor to
ground in several spans where the topography made
it very diffiult to move the towers to get the required
clearance. If the 12,000-lb. maximum could not be
exceeded, one or more additional towers would be
required in these spans and they would be in very
costly locations. A slight increase in maximum tension
would give ample clearance in these locations at which
it was believed that neither maximum wind nor minimum
temperature would occur at any time and surely not
simultaneously. For these reasons it was decided
to allow the maximum tension in these cases to go as
high as 13,500 1lb. in the heavy loading district and
12,600 Ib. in the light loading district, when calculated
on the maximum loading assumptions stated above.

CONDUCTOR SPLICES
The conductor splices are being furnished by the
manufacturers of the cable and are of the latest type.
The main improvement over the old type is in the
method of splicing the steel core. Instead of using a

Fic. 2—Conpuctor SrricE BriNe MADE

Steel sleeve on core partially compressed,
over cable to the right

Aluminum sleeve slipped

twisted Meclntyre joint, the two ends of core to be
joined are each inserted from opposite ends half-way
into a single-hore, soft steel sleeve, and then the sleeve
is compressed onto the core. On test the core breaks
approximately at its calculated ultimate strength and
does not slip out of the sleeve. The use of this com-
pression sleeve on the core permits the use of a single-
piece, aluminum compression sleeve for connecting the
aluminum strands instead of the two-piece, screwed-
together compression joint used in the past. These
improvements make hetter and cheaper joints than
those previously used.

The steel sleeve and the then exposed parts of the
core are given a coating of hot asphaltic compound and
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then wrapped with a layer of cambric tape after the
compression has been made and before the aluminum
sleeve has been slipped into place. This is to prevent
the black-iron sleeve from starting a rusting reaction
which may be communicated to the steel core and
eventually destroy it. The tape is to prevent the
compound from being wiped onto the inside of the
aluminum sleeve as it is slipped into place. Accelerated
tests have led to the belief that such a coating will
protect the core from rusting at least for the life of the

- galvanized steel and aluminum wires elsewhere in the

line. Fig. 2 shows these splices being made.

GROUND WIRE

No overhead ground wire is being installed, but the
towers are designed with sufficient strength to carry
one ground wire if it should prove desirable to install it
later.

TOWERS

The preliminary economical calculations to which
reference was made determined the height of structure
necessary as well as the maximum tension which would
occur in the cable. The design of tower proper, the
extensions, transposition frames, footings, etc., involved
types of framing and panel lengths which would prove
most economical. Previous experience had shown the
desirability of vertical legged extensions rather than
continuing along the batter of the main tower.

Panel lengths of eight ft. in the main structure made
the height of the tower to the crossarm 64 ft., while the
panel length was reduced to seven ft. in the extensions
to compensate for the increase in stress caused by
change in direction. Extension heights of 7, 14, and 21
ft. were those which seemed to supply the needs of the
profile. These extension legs were arranged to permit
combinations of any of them on a tower to more
economically fit the profile. This latter arrangement
has proved useful, as much of the country traversed
was very rocky and difficult to excavate.

Special cases required the combination of the 14-ft.
and 21-ft. extensions making 35 ft. in all, and in the case
of the Tule River Crossing two special 120-ft. towers
were used. It was also necessary to supply certain
other specialties such as transposition frames, attach-
ments for towers to solid rock, footing extensions where
uplift cover resistance was not available, and single
leg extensions without bracing to main structure.
These were developed to best suit field requirements
which were reported in the field notes of the survey
parties.

Material for the structures was specified which would
have a high elastic limit, permitting the use of higher
unit stress value.. This value was 22,500 Ib. per sq.
in. or a factor of safety of two on the elastic limit.

FFor the light loading district, standard towers were
designed to withstand (a) the strain caused by two
broken wires having maximum tension (reduced by
adding the length of the insulator string to the wire
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be followed by complete mechanical failure at some
subsequent date without increase of load.

4. That there is some indication that at some period
during the long time test of 11,000 hours, the average
ultimate mechanical strength of all insulators loaded
to 9000 and 11,000 1b. decreased some seven or eight
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DeAD-IENDS
The development (in so far as it had advanced by the
summer of 1924) of a light weight, compression, dead-
end fixture to minimize the effect on the conduector
itself of conductor vibration has been described and
illustrated.* The main features of this compression
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per cent. Great caution must be observed, however,
in generalizing from tests made upon an aggregate of
only 83 insulators.

INSULATOR HARDWARE

All the insulator hardware is made of forged steel or
wrought steel, except the aluminum part of the com-
pression dead-ends and the long suspension clamps
which latter are of malleable cast iron. All pins are
of chrome-nickle steel.

SHIELD RINGS

The insulator shield rings are practically the same,
electrically and also mechanically, so far as over-all
dimensions and position on the insulator strings are
concerned, as those used on the present 220-kv. lines
of this company. However, instead of being of cast
aluminum of an inverted U-shaped cross-section, they
are each made of a hoop of 8/16-in. by 3-in. steel
strap. These are much less expensive than the old
shield rings. Laboratory tests do not indicate any
particular advantage in favor of the old shape of ring
in either voltage grading or flashover characteristics.

Fic. 4—TEsT SPANS FOR DETERMINING AMOUNT OF PERMA-
NENT STRETCH aND MobuLts oF Erasticity oF 1,033,500-Cir.
Mir STeerL REINFORCED ALvuimiNUyM CABLE

dead—gnd had been worked out simultaneously by the
Aluminum Company of America and the Southern
California Edison Company. The main differences in

3. Transmission at 220 kv. on the Southern California
Edison System, Section 4, Vibration of Conduclors and Overhead
Ground Wires, by J. M. Gaylord, Jour~aL of A. I. E. E., Nov.
1924, p. 1026.
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the two designs were that the former anchored the steel
core in the steel clevis-socket by pouring melted zinc
around the core in the socket while the latter accom-
plished the same results by means of conical wedges in
a conical socket, and that the former transmitted the
load to the insulator assembly from the aluminum
compression body through aluminum clevis ears cast
onto it while the latter accomplished this result by
screwing the aluminum body onto the steel clevis-
socket. Both of these schemes undoubtedly would
have given satisfactory results in service as they did on
test but they were not tried because the Aluminum
Company put forward an improvement in the method
of attaching the steel core to the steel clevis. Instead
of a conical socket, a steel tube about six in. long was
forged as a part of the clevis. Into this tube the
end of the steel core was placed and then the steel
tube was compressed using the same press with smaller
dies as was used to press the aluminum. Tests proved
that the core would break at approximately its calcu-
lated ultimate strength and would mot pull out of the
tube.

The idea of having the load transmitted from the

Fic. 5—REecorpine DyNoMOMETER ON TEST Sprans
aluminum compression body to the insulator assembly
through an aluminum clevis cast as a part of the com-
pression hody was accepted, but a change was made in
the position of the lug to which the jumper loop fastens
which altered the appearance considerably. This
change was due to the desire to have the centerline of
the jumper loop, where it is attached to the dead-end,
pass through the clevis pin of the dead-end and thus
minimize the effect that the jumper loop has on the
relative movement hetween the compression dead-end
and the conductor immediately adjacent thereto, due
to conductor vibration. A test briefly described below
had indicated that the jumper loop very appreciably
increases this relative movement and that all reasonable
measures should be taken to minimize this effect.
On a span having vibrations forced upon it by a
vibration machine, measurements of the relative
movement of the compression dead-end and the cable
were made by means of a pencil attached to one and a
strip of paper in a holder attached to the other. With
neither shield ring nor jumper loop attached to the
dead-end, the mark drawn as the paper moved past the
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pencil was practically a straight line. With the shield
ring but not the jumper loop attached, the waves in
the pencil mark had an appreciable amplitude. And
with both the shield ring and the jumper loop attached,
the amplitude of these waves was several times as
great as with the shield ring only; hence the conclusions
stated above.

Careful consideration was given to the bolted con-
nection between the jumper loop and the compression -
dead-end. Such bolted connections have been known
to give considerable trouble when the bolts and the
lugs are of dissimilar metal. In the case of aluminum
lugs and steel bolts, the greater expansion of the alu-
minum with rise of temperature might cause either or
both metals to be stressed beyond the elastic limit.
In either case the joint would be loosened upon subse-
quent cooling. This accounts for the large number of
bolts in this connection.

TROUBLE AT SUSPENSION CLAMPS

About the time the design of the suspension clamps
was being considered, it was discovered that many of
the aluminum strands were broken at the ends of many
of the suspension clamps on the old Big Creek lines.
This breakage was due to the repeated bending caused
by conductor vibration. The old suspension clamps
were divided on the vertical plane through the con-
ductor axis and they ended with a very short radius of
curvature on the part where the cable bore as it left
the clamp. The conductor was protected by a sheet
aluminum liner which hid the broken strands from
outside inspection until a considerable number was
broken.

DESIGN OF SUSPENSION CLAMPS

There seemed to be three main features which should
be embodied in a new suspension clamp to avoid the
troubles experienced with the old clamps:

First, a saddle in which the cable will rest entirely
outside of the section gripped in the clamp so that the
last point of contact between clamp and cable would
never be coincident with the end of the gripped section.
This would allow the bending of the cable, due to its
rise and fall relative to the clamp, to be distributed
over an appreciable length of the cable and not be
constrained to one particular point.

Second, the radius of curvature of this saddle over
which the cable would bend should be sufficiently
large to prevent the repeated bending from breaking
the cable strands.

Third, the clamp should be suspended in such a way
that it would move with the cable as much as possible
and thus keep the bending of the cable at the ends of the
clamp to a minimum.

Although, at the time of designing this clamp, it was
becoming apparent that the vibration in the conductors
could be stopped, 1t was thought advisable to embody
all three of these featuresin the clamp design.

The points of design which would satisfactorily meet




1222

these requirements were determined in an order the
reverse of that in which the requirements are
enumerated.

The third was met by pivoting the clamp on a pin
passing through it as close to the lower side of the con-
ductor as possible. The clamp is free to move about
this pivot through an angle of 28 and 30 deg. both ways,
from the normal position for the short and long clamps
respectively.

It was determined that the second requirement was
reasonably fulfilled by giving the end portions of the
clamp a radius of curvature of 16 in. Of course a
longer radius would give easier bending conditions on
the cable, but cost must be given consideration. Con-
siderable experimental work was done to determine
this radius. Single strands of aluminum wire stressed
to unit tensions approximately the average of those
expected in the line were bent around curves of various
radii a sufficient number of times to break them.
From these tests it was determined that if bending
around a radius of 16 in., the life of the cable can be
expected to be in the order of five times as long as if it
were bending about a six-in. radius, which is approxi-
mately the radius of the old clamps. This was consid-
ered a reasonable balance between increase in cable life
and increase in cost of suspension clamps.

The first feature specified required a straight section
of clamp in which the cable is gripped with two end
sections in each of which the cable merely rests for a
part of the length. The length of the gripping section
was determined to give the holding power desired.
Tests show the first slips to occur at 20,000 and 16,000
lb. for the short and long clamps respectively.

It was decided to have the straight section of the
bottom half of the clamp extend one inch beyond the
grip of the clamp. At these points the two 16-in.
radius end sections begin, the straight section being
tangent to the two curved sections. To determine the
length to which the end sections should be carried so
that the most extreme points of contact between
cable and clamp would be an inch inside the outer end
of the 16-in. radius curve, one in. having been selected
as a sufficlent margin of safety, it was necessary to
calculate from the profile of the line the various angles
at which the cable would leave the clamps. It was

found that these angles varied from practically nothing -

to 22.5 deg. and that a clamp to accommodate all
these conditions should be 21.75 in. long. Since there
were comparatively few of the large angles, two types
of clamps were designed, one for angles up to nine deg.
and the other for angles up to 22.5°deg. The former
was made with a forged steel body 14.75 in. long and
the latter was made of malleable cast iron 21.75 in.
long. Both were equipped with cast aluminum liners.
There are required for the line 2100 of the short clamps
and 477 of the long ones.
CONDUCTOR VIBRATION
The experiences with conductor vibration, the
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methods of study, the causes, and the means of pre-
venting conductor vibration have been previously
deseribed.® ®®  Vibration dampers similar to those
deseribed by Mr. Stockbridge, but consisting of two
cast iron weights attached to a straight and approxi-
mately horizontal spring of guy cable, will be used on
this line. Judging from the results obtained on the old
line, these dampers will entirely eliminate all visible
vibration. [Fig. 6 shows this type of vibration damper
as applied to the old lines.
CONSTRUCTION

Careful plans were made for the construction of the
line, particularly with reference to construction equip-
ment, and the results in the field have proved that the
expense of this planning was well worth while.

The setting of footings was largely a matter of pick
and shovel and powder for the excavation, transit

Fic. 6—Coxbpucronr VIBRATION [)AMPER

and level for alinement and elevation, and shovel
and tamper for back-filling. It pays to do this job
well. Fig. 7 shows footings being set.

TowER ERECTION

When the Eagle Bell 220,000-volt line was built
in 1923, several methods of erecting towers were tried,
but the method of assembling piece by piece in the
erected position was found to be the most economical
if the erecting crews are selected and organized with
care.

On the Vincent line this method has been modified
somewhat in that wherever it is possible to get a line

4. Transmission at 220 kv. at the Southern California
Edison Company Sy tem, Section 4, Vibration of Conductors
and Overhead Ground Wires, by J. M. Gaylord, Jour~aL of
A L. E. E, Vol. 43, November 1924, p. 1026.

5. Notes on the Vibration of Transmission Line Conductors,
by Theodore Varney. Presented at Niagara Falls meeting,
A.I.E. E., May, 1926.

6. Overcoming Vibration in Transmission Cables, by G. H.
Stockbridge, Elecirical World, December 26, 1925, p. 1304.
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from a truck the panels of the tower sides are assembled
on the ground or horizontally on the top of the com-
pleted portion of the tower and raised as a unit. Fig. 8.
shows the first side-panel being raised into position on
top of a 14-ft. extension. The truck is raising the
panel.

In this way a crew of 14 men, including the gang

Fic. 7—SEerTING TOoWwER FOOTINGS

Looking southeasterly along line in southern edge of Antelope Valley

foreman and the truck driver, has been able to erect a
standard tower in 4 hours and 15 minutes. This
tower was put on top of a 14-ft. extension which had
been previously erected. When the work is running
smoothly, an average of six hours for a standard
tower on easily accessible ground should be main-
tained by a crew of 14 men and a two-ton truck.

CONDUCTOR STRINGING AND STRINGING EGUIPMENT

The most unsatisfactory part of transmission line
construction in the past had been the conductor
stringing. Many improvements have been made in
the equipment for this work on this line.

The most notable improvement and the one which is
paying the greatest dividends is in the stringing sheaves.
There was nothing on the market at all adequate

Fig. S—ErecTING TOWER ON ToP ofF 14-Ft. ExTENSION

Raising first side-panel

for the job. Plain bearings, small wheels, and flat
grooves that let the cable flatten and rub on the sides
of the blocks seemed to be the rule without exception.
It was decided that the friction in the sheaves should be
made as low as possible by the use of roller or ball
bearings and that the sheave should be made of alu-
minum with a deep groove having a good fit to the cable
and a bottom diameter of 12 in. These specifications
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led to the design shown in Fig. 9. With these sheaves
the length of cable that can be pulled to tension at
one time is not limited by the sheave friction. Lengths
as long as four miles have been pulled and the tensions
in the various spans adjusted with entire satisfaction.
On level ground it seems that the limit to the lqngth of
pull will be set by the number of sheaves available.

The sheave blocks are attached to the bottom of the
suspension insulator strings while the conductor is being
strung.

For pulling the conductor a 10-ton caterpillar tractor
is used. Where the conductors have to be dragged out
on the ground, all three are taken at the same time.
The pulling of each conductor to final tension is done
by the direct pull of the tractor wherever it is possible
to find a place for the tractor to travel. The tractor is
equipped with a winch, with both drum and spool,
with which the pulling is done when the necessary
traveling space for a direct pull is not available. The

-

F1c. 9—STRINGING SHEAVE

direct pull of this heavy tractor works very nicely and
saves much time over any method of using lighter
equipment with a winch or blocks and falls. On
level ground with the conductor on the ground except
at the sheaves, four mi. of one conductor have been
pulled up and the tension adjusted to its proper value
at three places in the section in 45 min., no splices
having passed around the sheaves in this case. Three
conductors of a four-mi. section have been pulled up
in this way in three hours.

Telephones are used for communication between the
engineers who give the tension orders and the foreman
at the tractor end of the section. In some cases twisted
pair taps are run to the locations of these men from the
telephone line which roughly parallels the transmission
line. In other cases, where the telephone line is too far
away, a twisted pair is laid along the transmission line
from end to end of the pull section. Signaling with
flags was tried but was found to be very unsatisfactory
for such long pull sections.
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As the conductors are pulled to tension, they are
anchored to deadmen near the foot of the next tower
ahead of the pull section. The come-alongs to hold the
two outside wires are placed near the deadmen but the
one to hold the center wire is placed very near the sheave
in the last tower of the pull section and a steel line is
run to the deadman. These come-alongs hold the
tension in the line until the cables in the next section
to be pulled are spliced on and pulled to tension in the
manner described below.

For the outside positions the conductors are not put
into the sheaves on the tower where the deadmen are
located until the conductors are pulled to sufficient
tension to relieve the tension on the come-alongsandthe
come-alongs are taken off the conductors. This takes
place at practically full tension and without appreci-
ably lifting the conductor at the come-alongs from the
ground. After the come-alongs are cast off the con-
ductors are placed in the sheaves at that tower.

For the center position the conductor is put through
the sheave at the tower near the deadmen and pulled
until the steel line between the come-along and the dead-
men Is slack. Then the steel line is cast loose from the
deadmen and the come-along removed from the
conductor.

On each wire, after getting loose from the deadman
as described, the man at the back end of the pull section
tells the foreman at the tractor to pull ahead or back
off, as the case may be, until the insulators are vertical
on the tower which was at the front end of the last
pull, these insulators having been clamped in vertically

J

WITH EXTENSIONS

on the conductor when it was anchored to the deadman.
Then the engineer three or four spans farther into the
section being pulled tells the man at the tractor to pull
ahead or back, as required, until the sag in the span he
1s watching is right. Then another engineer, who is
two or three spans back from the tractor, gives whatever
orders are necessary to get his span right. If everything
has gone well, no more adjusting need be done and the
men at the tractor end put on a come-along and attach
it to the deadman. After this is done the conductor
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can he transferred from the sheaves Lo the suspension
clamps at will.

In rough country, where long and short spans and
spans at different elevations are mixed l;oge!,her In the
same pull section, some slight modifications of this
simple level country procedure are necessary. The
longest span, or the span at the lowest elevation, takes
more than its share of the proper conductor length for
the pull section so it is necessary to let such a span
govern the pulling tension until its tension is right and

EXTENSIUN

ON

Fic. 11-—TraxsrosiTioN TowEgr

its insulators are clamped to the conductor. Then
that span is forgotten and the other spans are given
their proper sags, any other spans being treated in this
special way if necessary. Of course all the insulators
will not hang vertically but there is no way to
put up such a line and have all the insulators vertical
at all times.

COME-ALONGS

The come-alongs used on previcus work had many
bolts to be tightened in making one fast to the cable.
To shorten the time necessary for this, one was designed
with only three set screws to be tightened and it is
giving entire satisfaction. The body is of cast steel
with aluminum liners held to each half by means of
counter sunk screws. The pulling sling is of 14-in.
steel cable and is zinced into clevis-sockets which
attach to the come-along and the middle of the sling
passes around a forged eye to which the pulling line may
be attached.

Fig. 10 shows a completed section of line on standard
towers with extensions. This is looking north across
the Antelope Valley.

Fig. 11 shows a transposition tower with an extension.
Two such towers are required at each transposition,
one with a right hand and the other with a left hand
lower crossarm. These towers are not set off the
center line as has been done in some cases. There are
seven complete barrels in the line.

BIRD GuarDps

The towers will be equipped with guards to prevent

the hawks and other large birds from causing flash-
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overs by their semi-liquid droppings bridging the air
space between the crossarm and the conductor. Ex-
perience has shown such protection to be necessary.”®
The center conductor position will be protected by a
sheet iron pan approximately four ft. wide and ten ft.
long on the lower members of the crossarm. This pan
will catch the droppings from birds on the central

7. Avoiding Flashovers on 220-Kv. Transmission Lines, by
G. H. Stockbridge, Electrical World, Vol. 85, No. 12, March 12,
1925, p. 611.

8. Transmission at 220 Kv. on the Southern California
Edison System, Section 1, Description of Sysiem and Operating
Experience, by H. Michener, JOURNAL of A. I. E. E., October
1924, p. 901.
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portion of the tower top, their most favored perch.
Birds will be prevented from perching above the out-
side conductor by saw-tooth guards placed on the
crossarm members for a distance of about six ft. from
the end of the crossarm. These saw-teeth are three
in. long and are made of thin galvanized iron.

CONCLUSION
It is the belief of the authors that the large amount of
engineering investigation and careful design work 1n
preparing for this line was decidedly advantageous,
not only for this particular line but for the industry
in general, parts of which already are profiting by the
results of this work.

Phase Difference in Dielectrics
BY J. B. WHITEHEAD:

Fellow, A, I, E, E

Synopsis.—-A brief description of the origins and causes of phase difference in dielectrics.

IGH power factor is earnestly sought after
in transmission, distribution, and all station
loading. Low power factor is just as earnestly

sought in the case of insulation, for the higher its value,
the greater the internal loss, the higher the temperature,
the lower the current capacity, the shorter the life.
The term ‘“power facfor” in this case describes a prop-
erty of the material, and as such is of quite different
character and significance from its older connotation.
It is no doubt largely for this reason that the custom has
arisen of describing this property of dielectrics, not as
the cosine of the angle of advance of the charging cur-
rent over the applied voltage, but as the sine of the
difference between that angle and 90 electrical deg.
This angular difference is known as the ‘‘phase dif-
ference”” or “‘phase defect” and its usage has the added
advantage that up to about 2 deg., the phase dif-
ference, itself, in radians, its sine, its tangent, and
obviously the power factor in its usual sense, all have the
same value within a very small fraction of a per cent.
This makes it possible to use these several quantities
indiscriminately, thereby greatly simplifying many
computations. The use of the tangent of the phase
difference is especially convenient, as the ratio of the
in-phase to the wattless components of the current.

The importance of phase difference in dielectrics was
first appreciated in its influence on the performance
of telegraph and telephone cables. Attenuation, dis-
tortion, and internal loss are all increased thereby,
thus greatly reswricting distances of communication.

1. School of Engineering, Johns Hopkins University, Balti-
more, Md.

Presented at the Regional Meeting of District No. 1, of the
A.I. E. E., Niagara Falls, N. Y., May 26-27, 1926.

In the field of power transmission and utilization, at-
tention was first focussed on dielectric-phase difference
by the observations of Siemens in 1864 on the heating
of condensers. This is an early date in the history of
electrical engineering, and for many years thereafter the
losses in dielectries under alternating stress received the
attention of physicists rather than that of engineers.
It was in this early period also that residual charge,
discovered in the Leyden jar in 1746, was still further
stimulating the interest of physicists in dielectric
phenomena. This interest showed its first fruits in the
brilliant experiments of Hopkinson and in the un-
assailable theory of Maxwell of the phenomenon of
dielectric absorption. It is not generally realized that
since Maxwell’s time it.has been recognized by engineer-
physicists, such as Rowland, Hess and a few others,
that dielectric absorption necessarily causes alternating-
dielectric loss; i. e., dielectric-phase difference. Engi-
neers became immediately concerned in the value of
dielectric-phase difference with the first upward step in
transmission voltages in the early '90s, and with the use
of cables for transmission. The problem of the limita-
tion of dielectric-phase difference thereafter was clear
cut and has been with us ever since. Obviously the
applications in which it assumes its greatest importance
are the high-voltage cable and the commercial power
condenser, but its presence and behavior must always.
be borne in mind in connection with all high-voltage
insulation, especially that of composite or flexible
character.

Although, as stated above, phase difference 1s a
property of the material of the dielectric, and although
this has been recognized for many years, and although
an abundant literature is replete with experimental
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observations, it is astonishing to find that our knowledge
even of the values to be assigned to particular materials
is extremely indefinite, and that little has been accom-
plished towards a systematic understanding and regula-
tion of the factors which control the values of phase
difference. Thisis largely due to the fact that there are
at least four and possibly more different classes of
phenomena in dielectrics, any one of which will cause an
angle of phase difference; and to the further fact that
probably all these causes follow different laws under
the influence of varying temperature, frequency, and
electric intensity. Each pf the following well-recog-
nized properties or conditions of insulation, if present,
will cause a dielectric-phase difference: (1) normal
conductivity, (2) dielectric absorption, (3) anomalous
conductivity, (4) absorbed moisture, (5) dielectric
hysteresis and (6) gaseous ionization.

Normal Conductivity. Under the original theory of
Faraday and Maxwell, still regarded by physicists as
fundamental in spite of obvious insufficiency, dielectrics
are treated as being perfect of their kind, 4. e., as pos-
sessing specific inductive capacity only. Maxwell,
however, recognized that no such perfect solid dielectric
exists, and he treated at considerable length the proper-
ties of dielectrics which also possess conductivity.
We have then in conductivity one of the fundamenta)
causes of dielectric-phase difference. It is usually
assumed that conductivity contributes a negligible
proportion of the losses in dielectrics. This is un-
doubtedly true for most pure and simple materials,
especially at ordinary temperatures. It should be
noted, however, that the values of conductivity of
different dielectrics extend over a wide range and in
many cases may contribute a considerable phase dif-
erence. The conductivity of most dielectrics increases
rapidly with increasing temperature. The rapidly
rising phase difference of such a composite material as
impregnated paper, for example, under increasing
temperature, may be accounted for in very large
measure in some instances by the increase in conduec-
tivity alone. The important influence of water on
conductivity is described below.

Dielectric Absorption. Probably the most important
of all causes of dielectric-phase difference is dielectric
absorption, 4. e., the phenomenon of after-charge and
residual charge. It is obvious that if under applied
continuous voltage, current continues to flow over a
period of time into or through a dielectrie, then under
alternating voltage there will flow a component of
current in phase with the voltage, which, of course,
means a definite angle of phase difference. Absorbent
dielectrics, in effect, have for a short interval after the
application of voltage a greatly increased value of
apparent conductivity. On short circuit a charge con-
tinues to flow out long after the electrostatic charge has
disappeared, and on reversal of the applied voltage the
high initial conductivity appears again. Thus,' for the
rapid reversals of alternating voltage, the dielectric

WINTEHEAD: PUASE DIFFERENCI IN DIBLECTRTCS

Journal AT, 18, ¥,

behaves as though this increased conductivity were
continuously present.

Absorption usually occurs whenever a dielectric is
composed of two or more different materials. Further,
it appears that a very small proportion of a foreign
material may cause a large absorption eflect. Thus,
the absorption often observed in many supposedly pure,
simple materials is usually attributed to impurities.
This is one of the ohscure questions in our imperfect
knowledge of dielectric absorption. Although it has
been known for years that absorption is one of the most
important causes of phase difference, very little atten-
tion has been given to the problem of controlling its
value, and to the study of the behavior of various di-
electric materials singly and in combination. That such
study would prove profitable is indicated by the fact
that a few composite dielectrics have very low values of
phase difference and of absorption. These materials
apparently are few in number, and their properties
obtained only by cut-and-try and by great care in
preparation. However, there is no reason why a
further study and control of composite materials should
not lead to dielectrics having not only low phase dif-
ference, but also other desirable thermal and mechanical
properties.

Moisture. Many insulating materials, particularly
those of porous and fibrous character, absorb moisture
readily from the air. Their conductivity is very often
greatly increased thereby. In many cases the moisture
is taken up quite rapidly and 1s.completely driven off
again only with considerable difficulty. As a conse-
quence, exact statements as to the influence of moisture
on conductivity and power factor are not possible.
Several definite qualitativerelations stand out, however,
and the behavior of cable paper in this regard may be
taken as generally characteristic. Cable paper when
standing in the open will absorb from 10 to 15 per cent
of weight of moisture. If continuous voltage is applied
to the paper in this state, the current, which in this case
Is pure conduction current, will increase slowly with
time, tending to a steady value. If the voltage is
increased the final current will increase roughly as the
square root of the voltage. A theory for this behavior
has been proposed by Evershed and i1s based on the
assumption that the variation in conductivity is traced
to changes in the water films around ajr bubbles in the
capillary fibers of the material. As the paper is
heated above ordinary temperatures the conductivity
increases and the general behavior outlined above con-
tinues up to about 50 deg. or 60 deg. cent. Above this
point traces of the normal residual charge and dis-
charge of dielectrics begin to appear, although the .
conductivity is still very high . If allowed to stand at
about 70 deg. for some hours, larg® quantities of the
moisture are driven off, the Eversled effect has dis-
appeared, and the paper begins to show the qualities
of a good dielectric and insulator, hzving, however,
pronounced absorption and conductivity. With further
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increase in temperature both absorption and conduc-
tivity are decreased further, and on standing for long
periods at temperatures from 95 deg. to 115 deg. cent.
there is little change, and the paper appears to be in
more or less steady condition, still showing pronounced
absorption but with relatively low value of final con-
ductivity.

Thus, it will be readily seen that the influence of
moisture on the phase difference on insulating materials
is very complex. The variation with both voltage and
time is often to be found in the alternating case.
Increase in the amount of absorbed moisture shows
itself almost immediately in increased values of
phase difference and loss. As a consequence every
effort is made in the manufacture of commercial insula-
tion to exclude moisture as completely as possible and
to prevent its subsequent absorption. It is safe to say,
however, that in few cases is it possible to completely
climinate moisture and that observed values of phase
difference and loss are always in some measure increased
by residual moisture.

Anomalous Conduction. Nearly all liquid dielectrics
show some conductivity. Moreover, this conductivity
generally varies with both time and voltage. On the
application of continuous voltage the resulting current
decreases, approaching a constant value. With in-
creasing voltage the final constant values generally
show a departure from Ohm’s law. Many attempts
have been made to coordinate the results of investiga-
tion of this property but without great success. This
conductivity is undoubtedly ionic in character and in
some cases follows closely the known laws of the ionic
conductivity of gases. Values have been obtained for
the mobilities of both positive and negative ions for
particular materials, but in general the results of such
investigations are far from definite in character and this
1s attributed to the presence of ions or molecular aggre-
gates of different size. Phenomena of this character
seem to be particularly susceptible to the presence of
impurities in small amounts, to traces of water, ete.

Electrolytic dissociation and resulting conductivity is
known to exist in some complex insulating materials.
Glass is a remarkable example of this. The metallic
constituents of some glasses may be separated out under
continuous voltage and deposited on electrodes. Here
is an instance of a rigid insulating material through which
it is known beyond a doubt that electrolytic ions
pass from one electrode to another.

As regards the influence of these two types of conduc-
tivity on the phase difference of commercial insulation,
it may be said that very little is definitely known.
There would appear to be good possibility of the pres-
ence of the former type, and it is probably true that the
residual conductivities of composite dielectrics made up
originally with liquid binders, is in considerable pro-
portion due to the motion of ions of the type usually to
be found in liquids.
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Hysteresis. Since the days of Siemens, who first
noted the heating of impregnated paper under alternat-
ing stress, it has beeri customary to attribute the losses
in dielectrics to some torm of molecular friction, ap-
parently arising in the same types of cause pertaining to
the case of magnetic hysteresis. There are many
differences between the two phenomena which indicate
that they are of essentially different character, and it is
undesirable, therefore, to use the word hysteresis in
connection with dielectric behavior. In addition to the
differences mentioned it is to be noted that in the case
of dielectrics there are many other factors, as enumer-
ated above, that appear to be quite sufficient to account
for all of the losses which are observed. It s, of course,
possible that in addition to these well-recognized causes
for loss there may be some residual type of loss arising
in the orientation or deformation of molecules and
atoms. In fact, there have been numerous suggestions
that the phenomenon of absorption itself arises in fric-
tional deformation or the motion of electrons within the
atom itself. With due weight given to these considera-
tions it may still be said that the evidence that the
nature of the losses in dielectrics is of the character
usually understood by the word hysteresis and is so
small as to make it appear very unlikely.

Gaseous Iomization. Many forms of commercial
insulation are composite in character and built up in
layers. Conspicuous examples are the insulation of all
electromagnetic machinery and of many types of high-
voltage underground cable. The assembly and appl-
cation of this type of insulation invariably provides
opportunity for the enclosure or entrapping of certain
amounts of air, which is never completely removed
by such processes as evacuation and subsequent pres-
sure impregnation. This air, when voltage is applied
to the insulation, breaks down electrically under the
process known as ionization. Itis also known that in
some cases the constituents of impregnating materials
break down under stress, with the generation of gases
and the further increase in the size of the voids in the
body of the insulation. These gases are also subject to
ionization. The products of this gaseous ionization are
usually highly active oxygen and ozone. Not only 18
the ionized gas a good conductor but the products of the
jonization attack the surrounding material rendering it
conducting, thus further increasing the conductivity.

It will be seen, therefore, that this type of conduc-
tivity is not necessarily inherent in the material itself,
but is a result of imperfect methods of assembling and
applying the material. However, it is probable that
even at very low stresses this type of conductivity is
present to some extent in all insulations in the class
mentioned. Standard specifications for cables, for
example, include clauses giving tests for increase n
power factor due to this cause, and limiting values for
such increase, thereby recognizing its necessary pres-
ence. Power-factor curves of this type of insulation
only show marked increase above certain values of
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stress, and such increase is in all probability rightly
attributed to this type of ionization. q

It can not be emphasized too strongly, however, that
internal ionization is highly destructive to the structure
of composite insulation, and that if such insulation is
operated above a stress at which ionization is known to
occur, the days or months of the life of this insulation
are already numbered.

Bearing in mind these various causes giving rise to a
phase difference in dielectrics, it is not to be wondered
at that there is much conflict of evidence as to the be-
havior under different conditions of insulation of any
particular type. Of the several causes enumerated the
laws of only two of them may be said to be well known,
namely, conduction and absorption. Inherent con-
ductivity of the type found in metals leads to a value of
losses readily calculable. Dielectric absorption has been
carefully studied and it is known that in insulation of
comparatively simple structure absorption accounts for
most of the loss. In the uncertain laws controlling the
losses of other character there is plenty of explanation
of the erratic behavior often reported. It may be
pointed out, however, that these uncertain phenomena
are usually of a type which seems to yield to care and
control in preparation of materials and methods of
assembly. Moisture may be largely driven out,
anomalous conductivity reduced to extremely small
proportions, and it is possible to reduce gaseous ioniza-
tion to negligible proportions. With care of this
character, therefore, it is legitimate to consider the
behavior of dielectrics from the standpoint of condue-
tivity and absorption alone. It has been shown that
the extension of Maxwell’s theory of absorption to the
alternating case will account for the outstanding fea-
tures of the behavior of composite insulation. For
example, the loss is in proportion to the square of the
voltage, and to the frequency. Moreover, it is shown
that the variation of power factor with the frequency
shows a maximum value, which may lie at a low or very
high value of frequency, depending upon the constitu-
ents of the material. Further, and due to the same
causes, variations of temperature within the usual
range may cause either sharp increase or sharp decrease
of power factor. The fact that variations of this char-
acter are in accord with the simple theory of absorp-
tion as the principal source of loss is extremely encour-
aging and a great step in advance.

In closing this brief discussion of the origin of phase
difference in dielectrics, it may be pointed out that a
moderate value of phase difference or power factor
appears to be practically a necessary feature forcompos-
ite insulation. On the other hand, there is no objection
to a phase difference of moderate amount provided that
it remains constant. If the phase difference of a given
dielectric increases with the electric stress its cause
should be carefully investigated and the insulation
always operated below the stress at which such increase
In phase difference begins. The increase due. to tem-
perature is more difficult to control, but there is reason
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to suppose that it has a definite value in any particular
case, and that it is therefore subject to control. If these
considerations are correct, there is good reason to hope
that a well considered program of experimental re-
search will result in the placing of the design of insula-
tion on an engineering basis comparable to that per-
taining to the other elements of circuits and machinery.
The essentials of such a program would be principally
the checking of the laws which now appear most prob-
able, and the study of the properties of Insulating ma-
terials, singly and in combination. The preparation
and coordination of a program to meet this need is
already under way in the work of the Committee
of Insulation of the Division of Engineering and
Industrial Research of the National Research Council.

INCREASE OF ELECTRIC POWER IN
FACTORIES AND HOMES

In his Annual Report of the Department of Com-
merce Secretary Hoover states that there has been a
large increase in the application of electrical power in
manufacturing, and while there has been an increase
during this period of between five and six million horse
power used in factory production, there has been no
increase in boilers and engines installed within these
plants, the increase having been made almost entirely
by electrical motors operated through purchased
power. There has also been a transformation from
direct-connected steam equipment within factories to
factory electrical generation for distribution through-
out the plants until at the present moment apparently
70 per cent of factory power is delivered to the machines
electrically.

The application of electrical power to home use has
received enormous expansion. The number of homes
served has increased in siy vears from 5,700,000 to
over 15,000,000. The number of farms served is ex-
panding rapidly, and in some States, such as California,
farm electrification far exceeds that in any other local-
ity in the world. Owing to the economies brought
about through central generation and interconnection
and through the advances in electrical science the aver-
age price of power throughout the country is now
somewhat less than before the war, 1t being one of
the few commodities to be delivered on less than a
pre-war basis.

This transformation, it may be said at once, has
increased the productivity of our workmen beyond
those of any other country; it contributes to our main-
tenance of high real wages and to the reduction of
human sweat; it relieves the home makers of many
irksome tasks and adds immeasurably to home com-
forts.

There is still further promise of great progress in
the reduction of fuel consumption in the extension of
electrification, particularly in the further replacement
of factory steam plants, in the electrification of our
large railway terminals, and in the expansion of house-
hold use of power.



Synchronizing Power in Synchronous Machines

Under Steady and Transient Conditions
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Synopsis.—The accuracy of all calculations relating to the
hunting of synchronous machines connected mechanically to recip-
rocating apparatus depends largely upon the correciness with
which the value of the synchronizing power Ps may be determined.
Thus, the calculation of flywheels necessary for the parallel opera-
tion of engine driven generators depends entirely on a correct
value of P;. Likewise, the W R? which it is necessary to incorporate
in the rolors of synchronous motors when driving compressors or
pumps can be calculated correctly only when Ps s accuralely known.

So far as the author is aware, no attempt at a complete analysis
of the subject has been made heretofore. The object of this paper
is lo develop a method by which the synchronizing power P, may be
calculated fairly accurately under any condilion likely to be met
with. The method applies only to synchronmous machines of the
usual definite pole construction. Blondel's conception of two
reactions with some modifications and extensions ts followed gener-
ally throughout the paper.

* * * * *

SrcTioN I. INTRODUCTION

YNCHRONIZING power, P,, may be defined as
S the rate at which the input power to a synchronous
motor changes with corresponding changes in the
angular displacement. The displacement referred to
here is not that which actually exists between the rotor
and the rotating electrical field in the motor but it is the
displacement between the rotor and an imaginary elec-
trical field which corresponds in phase position to the
terminal voltage. This will be explained more fully
later.

P, is often called a constant. It would be more cor-
rect to say that P, is constant for a given set of operat-
ing conditions because its value changes with the load,
the excitation, and with the frequency at which the
mechanical load pulsates.

If, for a given synchronous motor operating under
constant excitation, a curve is plotted showing the
power input as function of the angular displacement,
it will appear similar to that shown in Fig. 1.

Now it is obvious that if the mechanical load on the
motor changes very slowly, the rate of change of power
with displacement is given by the slope of the tangent
to the curve at the point corresponding to the given
load on the motor. If, however, the mechanical load
pulsates up and down rapidly as it does in the case of a
compressor, the rate of change of power with the dis-
placement is no longer given by the slope of the tangent
to the curve but by the slope of some other line similar
to the dotted line in Fig. 1.

The reason for the above phenomenon is not hard to
find. A sudden increase in the load on a motor is
accompanied by a sudden increase in the armature
reaction which tends to buck down, and distort the
field flux. It is, however, impossible for the field
flux to change immediately, and for the first instant the
effect of the armature reaction on the field flux is practi-
cally offset by a sudden increase in the field current

1. Electrical Ingineer, Westinghouse IElee. & Mifg. Co.,
Kast Pittshurgh, Pa.

Presented at the Pacific Coast Convention of the A. 1. E. E.,
Salt Lake City, Utah, Sept. 6-9, 19206,

produced by an induced voltage due to the changing
field flux. The result is that the armature reaction
has not had time to function at least completely, and
the field current has increased or decreased to make up
forit. This is precisely what happens in a synchronous
motor driving a compressor. The armature reaction
functions only partially and the field is kept continually
in a transient state. Oscillograms of the field current
taken when a machine is hunting often show marked
pulsations amounting to a considerable percentage of
the average value.

The problem of calculating P, is thus not simply that
of calculating the slope of the tangent line in Fig. 1,
but rather the more complicated problem of calcu-

POWER
N

ANGULAR OISPLACEMENT

Fig. 1—CurvE SHowiNG PowER as FuncrTioN oF DISPLACE-
MENT UNxDER STEADY LoaD

Dotted line represents change of power with displacementunder condition
of puisating load.

lating the slope of the dotted line. In the theoretical
analysis which follows, the angular displacement of the
machine will be calculated first according to Blondel’s
theory, then the slope of the tangent line in Fig. 1, and
finally that of the dotted line.

SecTioN II. THEORETICAL TREATMENT

The following symbols will be used throughout the
remainder of this paper:
E; = Induced voltage
E. = Nominal voltage
E, = Terminal voltage
E, = Impressed voltage
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Current
Resistance
- Reactance
T, Synchronous reactance operating on the com-
ponent of current at right angles to I,
Synchronous reactance operating on the com-
ponent of current in phase with £

RO ey

!
&, I 7
- Effective synchronous reactance, r < z, < x
2 Impedance
2, Vv 1 + 2, = Synchronous impedance

2 v 1 4+ z,” = Synchronous impedance

m Coef. of armature reaction. (Ratio of demagnet-
1zing ampere-turns to the no-load excitation
ampere-turns)

F'. — Resultant field excitation
F, — Applied field excitation
0 = Power factor angle lagging
) Angle between I and E,
1 Angular displacement of the rotor
P = Power input

dP o
P, = ——dlﬁ— = Synchronizing power
K’ = Factor of effectiveness of armature reaction
N = No. of turns on field pole
L = Effective inductance of the field
Ty Effective resistance of the field
K = Coef. of coupling between armature and field
E = D-ec. voltage impressed on the field

d .

» = Operator — di
+ = Component of current in phase with E,
t1 = Component of current at right angles to E,
{ = Time in sec.

® sin w ¢ = Pulsating flux provided by the demagnetiz-
ing component of armature reaction

w = Frequency of the mechanical pulsation in radians
per sec.
iy = Current in the field circuit

¥, = Resultant flux in the field pole
The fundamental equation of all electrical machines
1s:

E¢=E¢+_I,z (1)

This equation simply states that the induced voltage
iIs the vector sum of the terminal voltage and the
impedance drop.

The induced voltage is proportioned to the flux
producing it and lags behind the flux by 90 deg. This s
expressed mathematically,’

2. The use of a linear relation here between , and E; does
not mean that the effect of saturation in the machine has been
neglected. Ib fact, the proper value of ¢ to be used for a given
set of operating conditions must he determined from the satura-
tion eurve. c is really the slope of a straight line from the zero
point through the operating point on the saturation curve.

Journnl A, L. K. K,

F,ajel, (2)
where ¢ js the proportionality factor.
The resultant excitation £, 1s the sum of the armature
reaction I m and the applied excitation *; thus
F Fo4Im (3)
Substituting (3) in (2) and solving for F,,

! m
E ) )1 1)

Sy

The term 18 defined by most writers as the

nominal voltage and denoted by E.. From (4) it may
be seen that it is equal to the induced voltage at no

K
load. Substituting (1) in (4) and replacing J
by E.,,
.om

or

E,+1[r+j(a:+ " )] E. (8

g m )
The term ( x + ) 1s the synchronous reactance,

n .
thereactanceequiv-

1 &

x being the real reactance, and

alent of the armature reaction. The complete bracket
in equation (6) is, therefore, the synchronous impe-
dance and represented by z..
E El + I ?" (7)
It is interesting to note the similarity between equa-
tions (1) and (7). The nominal voltage corresponds to
the induced voltage, and the impedance has become
synchronous impedance. Equation (1) applies to all
electrical devices while equation (7) 1s the fundamental
equation of, and applies only to, synchronous machines.
For a synchronous motor, equation (7) is more con-
veniently written

—E.=E. - I (8)
E; being the impressed voltage.

The vector diagram for a synchronous motor based
on equation (8) is shown in Fig. 2. — E, has been
chosen as zero vector, so that vectorially ‘

E.=E,+oj
It should be noted in connection with Fig. 2 that 6 is
the power-factor angle lagging, and 6 is the angle be-
tween [ and E,.

Now it can be shown that the angle between E, and
E is the angular displacement of the machine. It 18,
however, somewhat different from the angular displace-
ment between the rotor and the rotating electrical field.

———
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It is actually the angular displacement between the
rotor and an imaginary rotating electrical field corre-
spondingin phase position to the terminal voltage, while
the actual rotating electrical field corresponds in phase
position to the induced voltage. There is a distinct
advantage in calculating the displacement from the
terminal voltage rather than from the induced voltage
since the terminal voltage vector always rotates at
uniform velocity provided the frequency of the im-
pressed voltage is constant. But in a machine which
is hunting, the induced voltage vector or the actual
electrical field in the stator does not rotate uniformly
because of the reactance, the I « drop pulsating as the
current pulsates. In problems involving hunting, it
is necessary to calculate the variations in the speed of
the rotor. This is done by calculating the angular
displacement of the machine’ as function of time but
it is evident that the angular displacement must be
referred to a uniformly rotating vector. Theadvantage
of referring the angular displacement to the terminal
voltage rather than to the induced for all problems
concerned with hunting and the calculation of P, on
this basis is thus apparent.
The angular displacement is therefore

Y = (0+9) (9)
The value of  corresponding to a given power input at

izs Eo

\
\
\ o

Fic. 2—VEcTror DisgraM oF SyNcHroNous MotTor UNDER
SteEAaDY LOAD

a given power factor is easily determined from equation
(8) as follows:
From Fig. (2),
Iz, =1 (cosé +7sind) (r +jx.)
=I[(rcosd— x,sind) + J (x,’cosé + rsin g) ]
10
It should be noted that an z,” is used with the cf)m2
ponent of current in phase with £, or that component
of the current which is maximum when the armature
coils are directly under the centers of the field poles.
This is according to Blondel’s well known theory of two
reactions and amounts to the same thing as Dr. Berg’s?
method with the exception that Dr. Berg based his
equations on the induced voltage as zero vector which
introduces a slight error especially at larger loads.
Substituting (10) in (8),
E, = Eolcos (3 + 6) +jsin (5 + 0)]
— I[rcosé— x,sind) + 7 (x,”cosé + rsinéd) | (11)
Equation (11) may be separated into two equations,
one involving only real terms, the other only imaginary.

3. Berg and Upson, "'First Course in Electrical Engineering,”’
Chapter XXXV, McGraw Hill & Co., 1916.

PUTMAN: SYNCHRONIZING POWER IN SYNCHRONOUS MACHINES

1231

Thus, from the imaginary terms is obtained the
equation,
E, (sindcos § + cosdsin ) = I (x,/cosd + 7 sin 6)

or
sind [Eocos 8§ — I 7] =cosé [z, — Eo sin 0]

or

(12)

Iz, — Eosin 0
Canionss Eqjcos 0 —Ir
This equation, which was derived by Blondel?, gives the
value of the angle & for any load and power factor and
consequently the displacement y, since y =6 + 0.
Very often, however, the field excitation and conse-
quently the nominal voltage is fixed, and it is desired
to find the displacement as function of the power under
this condition.®
Equation (12) may be rewritten:

x./Icosd +rIsiné = Eosin (14)
In a similar manner the real terms of equation (11)
give:

(13)

rIcosd— 2, Isind = Eqcosy — E, (15)

Equations (14) and (15) may be solved by determinants
for I cos 6 and I sin & as follows:

r(Eocosy — E,) + xs_E'o sin ¢
72 4+ x,x

Icosd = (16)

and

rEosin y — x_leo cosy — E.)
2+ x,xs

Isiné = (17)

These are the two components of I along and at right
angles to E,, so that vectorially

I =1Tcosé+jIsind (18)
Also from the vector diagram, Fig. 2,
E, =Eycos y +J Eosin y (19)

The input power may now be calculated by tele-
scoping (18) and (19). Thus:

P = Eocos ¢y Icosd + Eosiny I'sing  (20)

Substituting for I cosé and Isin é from equations
(16) and (17) gives the input power as function of the
displacement as follows:

. 1
P = E,cos y[r(Eocos ¢y — E.) 4+ x, Eosin ] "+ z.2))

+ Eqsin y[r Eosin ¢ — z,/(Eo cos y — E.) ](_7«2+x 2,))

- (21)

4. “Synchronous Motors and Converters,” MeGraw Hill &
Co., 1913. Blondel’s equation involves + signs because it is
derived for the alternator instead of the motor.

5. Incidentally, this is the problem involved in the calcula-
tion of PP, with the exception that the field transient must also
be considered.
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which reduces to

p_ ,EOQ [ E, .
S fre I - E, (r cos ¥ — z,’ sin y)

+ sin ¢ cos ¢ (z, — 2,') I[ (22)
Equation (22) is useful as it gives the input power of a
definite pole synchronous motor for a given angular
displacement. A close approximation may be made to
(22) by disregarding the resistance. This gives the
somewhat simpler expression,

E|\2 | E" 3 1
B, % siny +sin ycos y(z, — x.’)

|
(23)
Differentiating (22) with respect to ¥, the slopeofthe
tangent line shown in Fig. 1 is obtained:

L T gt E

p _dP B
T Ay T Ptz [xdcos21//
Ell .
+ . (x. cos Y + rsin ) ] (24)
where
Xag = 2, — o,
or disregarding resistance terms
dP i 1
P, = dv =E;[(‘x8—,— By )00521//
B, 1
+ Ee = Cos 1,0] (25)

As pointed out in the beginning of this paper, this is
not the P, to be used in problems of hunting because it
does not take into account the field transient. It does,
however, represent the lowest limit of the value which
P, would approach if the forced oscillations were to
take place very slowly—so slowly that the armature
reaction and consequently the synchronous reactance
would have time to function completely and there
would be no field transient.

The Transient P, of the Synchronous Motor Neglecting

Resistance.

If a machine which has been operating under steady
load at displacement y is suddenly loaded so that its
displacement increases by A y almost instantaneously,
just what happens?

It 1s at once apparent from the vector diagram, Fig. 3,
that the [ 2. vector is increased. This means an in-
crease inthe power, current, and armature reaction of the
machine. Disregarding the resistance for the present,
the I 2 drop may be considered as made up of two
components 7, x, and 7 x,” according to Blondel’s theory
of two reactions. These components are shown in

6. A complete derivation taking resistance into account is
given in the appendix.
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Fig. 3. Thereactance z,’ which operates on the energy
component of current which is ¢ probably acts almost
instantaneously. At least it is probable that the cross
flux can build up and down as fast as any of the forced
oscillations encountered in cases of hunting would re-
quire. The main flux, however, requires time to build
up or down and so x, cannot function instantly, or
rather that part of 2, which is due to armature reaction
cannot function instantly. Hence, the reactance which
operates on a sudden increase in the wattless current is
some transient or effective reactance which may bhe
denoted by z, and which lies between z, the real react-
ance, and x,, the synchronous reactance, its value de-
pending on the rate of change ol the wattless current.

The power given by the motor, corresponding to an
increase in the displacement from its average value of
¥ to (v + A y), can be calculated as follows under the

Fig. 3—VEctor DiagrayM orF SyNCHRONOUS Moror SHOWwWING
Errect oF SUDDEN INCREASE IN LOAD

above assumptions. The method is simply to obtain
expressions for E, and I, and telescope the vectors.
From Fig. 3,

Eo=Eo[cos (y + 2y) +7sin (¢ + A y) ] (26)
and before the displacement occurred
T2 =—[E,—~ Eocosy] + jE,sin y (27)

Therefore, disregarding the resistance, the initial value
of the current, corresponding to the average displace-
ment ¢, is from (27).

Eqsin ¢ ] E_' _—_E'o cos ¢

I = VR .

(28)

The real component of 1 corresponding to the increased
displacement (¢ + A ) is

e (29)

The increase in the wattless component Is

Eolcosy —cos(y +ay)]
X

Af, = (30)
Note that the effective reactance is used here, since, as
was shown above, it is the effective reactance which
limits an increase in the wattless current. The watt-
less component of current corresponding to the in-
creased displacement is then
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E,;— E,cos ¢ E
= +

'L.1=

~ [cos ¢ — cos (¥ + A Y) ]

By Le
(31)
or
_ VA 1
7/1=E(i(}_—'_x_)cos¢/
} _li‘_ L (32
- T, Ccos (l// + A 1//) + EO T, )

The power at displacement (¢ + A ) is therefore

o Egcos (y + Ay)sin (¢ + 4¢)
-5

1 1
+E02sin(¢+A¢>{ ( -———)cow

T 2
|

_1_ __E'"__ 33

=== cos (¢ + Ay) + Foa. }r (33)
or
pops | SN2 TAH

| 2x,

) 1 1

+sm(a//+At//)[('x - )COS¢
E, 1 '
+ Boo . B (v + Ay) ] i (34)

Differentiating P with respect to A ¢, we obtain the
rate of change of power with respect to an increase in
the displacement which is P,. Thus

P = E;)2 [ ( 1, .
L

1 1
+cos(t//+Aa//)[( - )cos¢

)cosZ(¢+A¢)

E.
+ g | (35)
which is P, at any displacement (¢ + A ¢).
Aty
P, =Eg | !
- 0 v )cosz ¥
1 1 ) E.
+( n @ )cos v + o cos ¢ (36)

This is the value of P, which should be used in all
problems of hunting, and is represented by the slope of
the dotted line in Fig. 1.

It still remains to calculate the value of x, to be used
in any given case. It has been shown that, in value,
z, lies in between x and x, = x + m/c¢, where z is the
real reactance and m/c is the armature reaction part
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of the synchronous reactance. Now when a motor is
hunting, the demagnetizing component of armature
reaction is a pulsating reaction against the field. If
the pulsations take place slowly enough, the armature
reaction will cause the field flux to pulsate the same
amount. If, however, the pulsations are more rapid,
the field flux will not have time to follow the pulsations
in the armature reaction.

The problem then is merely to find out how much
effect the armature reaction has on the field flux. This
is a measure of the effectiveness of the m/c term in
the synchronous reactance x,. For very high speed
pulsations m/c = 0. For very slow speed pulsations
m/c = m/c, and in general,

z, =2+ K'm/c (37)
where K’ is the factor of effectiveness of armature reac-
tion in destroying and building up the field flux in the
main path.

K’ may be determined from the following considera-
tions:

Referring to Fig. 4, let the pulsating flux provided

o 0 0 0 0 0 o
o
o

[e]
(2] v fo)

. 9 7

A N
e |

Fig. 4—DiacraM ILLUSTRATING PULSATING ARMATURE
REAcTION

by the demagnetizing component of armature reaction
be represented by
¢ sin w t.
where
w = frequency of the pulsations in radians per sec.
Let

N = No. of field turns per pole.
L = Effective inductance of the field.”
r, = Effective resistance of the field.”

K = Coef. of coupling between armature and field.
E = D-c. voltage impressed on the field.
The equation of the field circuit is: '

E=4,0;,+pLy+ NK® wcos wt. (38)
or
_ E-NK®wcos wt -
2f = T/ + pL ( )
the permanent solution of which is:
_ E NKow ) L w
1, = — = ———cos | wt— tan~! —
s Vot 4+ L w? ( Ty )

(40)
This is the pulsating field current which exists in a
machine when it is hunting. It may be seen from (40)

7. By “effective’” resistance and inductance, the writer
intends to consider the effect of the amortisseur winding, as. will
oo seer. later.
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that if w is small, there is little pulsation in the field
current. If, however, w is larger, there will be larger
pulsations.

The resultant flux in the field pole can be obtained
from the equation,

. d o,
E—’lfo:N dt (41)
or
1
@, = TfE—ifo (42)

From equation (40)

E—ir = ]\fr;K_d:u_ cos (wt— tan—lﬂ)
Vg + L w i
(43)
- rr K ® . L w
R, I — v —}——_L?-;J‘-. sin (wt— tan—! 7 ) + C
(44)

The constant of integration in this case is the steady
component of the resultant flux ¢,. From (44) 1t
follows that the magnitude of the a-c. component of the
resultant flux is

Now when w is very small, the armature reaction is
100 per cent effective and

=Ko
) rrK® Ty
e A' = —— T I{q) Er——————————————
Vg 4+ Lo Vi Lo
46
or ) 1
IX —_ =m— — — 47

\ 1+ (TLf— )2(»-

In this formula ( f : ) refers to the field alone and
is the time constant which determines the field transient
occurring when the field circuit is closed on a constant
voltage source. If this time constant is determined
by an oscillogram of the starting current in the field,
the effect of the amortisseur winding is automatically
taken into consideration. K’ is thus determined and
from it x, may be calculated by equation (39).

SECTION III. ExAMPLES AND CONCLUSIONS

To determine the relative importance of the various
factors which affect the value of P,, consider a typical
low-speed synchronous motor, the constants of which

are:

z, =085 T = 0.06
z,” = 0.60 x =030 (48)
m/c = 0.55
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=8 = 0.21 . . .(from oscillogram of field transient)
Jer
Assume that the speed of the above motor is 80 rev.
per min. and that it is direct connected to a single-
cylinder, double-acting compressor. A compressor of
this type has two peaks in its torque curve every revo-
lution so that the speed of the impressed pulsations is

160 per min. or w = 16.75 radians per sec.
From (37)

r. =z + K’ (37)

where

1
K'=- =

\1“‘( L ):

Substituting the above values for L/r; and w in (47),
1t is found that K’ = 0.273 which means that the arma-
ture reaction in the main field is only 27.3 per cent
effective.

The effective reactance may be calculated from
equation (37) thus:

=030 + 0.273 X 0.55 = 0.45 (48)

Having determined all the necessary constants, the
behavior of the motor may now be calculated. Assume
the machine to be operating at full-load unity power
factor so that § = 0. The angular displacement may

(47)

be calculated from (13,
5 — 0.60—0_ 0,638 .
fano=1_o.06 - 063 (49)
Since
0 =0, ¢ =6 =326deg.

The nominal voltage at full-load unity power factor
may be determined from equation (15). Thus
E, =0.843 — (0.06 X 0.843 — 0.85 X 0.54) = 1.26 (50)
Resumé of constants necessary for the calculation of
P, at full-load unity power factor, 80 rev. per min.,
single-cylinder double-acting compressor:

x, = 0.85 r = 0.06
z.,” = 0.60 z. =045 (51)
Y = 32.6 deg. E,. =126

Neglecting resistance, the value of P, may be ob-
tained by substituting (51) in equation (36).

o (1 1 1 1\
- (0 60 ~ 045)0'42 + ( 045 0.55)0"1

"0 85 X 843 = 1.76

(52)
Effect of Frequency of Load Pulsations on P..
If the motor had been driving a two-cylinder, double-

8. This value of P, is given on a percentage basis. To get
it in kw. it must be multiplied by the kw. rating of the motor.
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acting compressor, the torque curve of which would
have four peaks per revolution, w would be twice as
great and

K’ = 0.141
and

zr, = 0.378
With this value of x., P, would be somewhat greater,
thus:

A : i —1—-~)0 !
P =(0.6(')“'0..378)0'42+(0.378‘0.85 :

1.26
— ! = 1.88
+ 085 x 0.843
Thus it is evident that the value of P, for this case 18
about 7 per cent greater when the motor 1s used to
drive a two-cylinder, double-acting compressor, than
it is when driving a single-cylinder, double acting

(53)

287 PP e—,—
- L L1
{ L A

ZZV

20} { LEA

18 | A

3 A 4~ P i pF
1€ P
1a el LR
+
Szt + %rr Lag]
| /b |

L] I T T

os—++ 4 +—
Dbt——--——T } S

04 I ! | | | lJ_l

Py I N S I i | { | =

0% 0. 0 12 14 15 18 20 22
€n
Fi6. 5—CuUrvEs SHOWING SYNCHRONIZING POWER, P, As

FuscrioNn or THE NOMINAL VOLTAGE, E

machine. In higher speed motors this difference will
be still less so that, while P, is not entirely independent
of the nature of the load, it is approximately so, for
compressors of the conventional types and speeds.
Effect of Resistunce on P,.

The effect of the resistance on the value of P, may be
determined by calculating P, from equation (20),
given in appendix, which gives

P, =181 (54)
This represents an increase of only 214 per cent in the
value of P, obtained by neglecting resistance. It
should also be noted that 6 per cent resistance is unusu-
ally high and hence it may be concluded that for
practical work the effect of the resistance may be
disregarded.
Effect of Excitation on P,.

I*ig. 5 shows a family of three curves which give P, as
function of the excitation I/, for 114 load, full load, and
half load.” It may be seen at a glance that therelation-
ship is practically linear for a given load, except at the
lower end where the curves droop as the motor ap-

9. . The values used in plotting the eurves in ®igs. 6 and 7 were
obtanined by substituting (51) in equations (13), (18), and (36)
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proaches the breakdown point. At no load the func-
tion would theoretically be a straight line.
The dotted lines are constant power-factor curves and

“show roughly the power factor which will be obtained

for various values of excitation and load.

The half-load line is of particular interest. There
I F L T T ¥
28— J,é_ e 4‘,_‘
26 1
24 A3, - P
22 Lg% = I
(s 3
201 *Zér‘nﬁd‘ Y - !
18 4 = —+—
= EEee
16 s Y1 2 | |
1 S
14 d'\\og e~
12 s Log L |
10 LT |
08 .
o ]
L] 025 050 075 1.00. 125 1.50

Fra. 6—CurvEs SHOWING EFFECT OF CHANGES IN LoAD ON THE
VALUE OF THE SYNCHRONIZING POWER, P,

is very little tendency for the curve to droop even at the
lower extremity. This shows that the motor may be
operated at half load at a power factor as poor as 0.7
lagging or even less without danger of the motor falling
out of step. In fact it would be possible to reduce 2
to a value as low as 1.1 at half load by reducing the
excitation sufficiently.

This fact is made use of in connection with the un-
loading of two-cylinder, double-acting compressors by
removing one connecting rod. Ordinarily the flywheel
is so designed that the natural frequency corresponds

2
1 iz
‘A r+ix,)

Fig. 7—Vercror Diaariam oF SyNcuroNous MoTor SHOWING
IFFECT OF SUbpeN INCrREASE IN LoaD. (RESISTANCE TAKEN
INTO ACCOUNT)

to about twice the revolutions. This is all right for
two-cylinder, double-acting compressors since there is
no second harmonic in the torque curve. But if the
machine is unloaded there is a large second harmonic
and, if severe hunting is to be prevented, the natural
frequency must be brought below it. This can be
done by reducing P, and running the motor at a poor
lagging power factor. While such operating is not to
be recommended as standard practise, it is valuable
to know that it may be resorted to in emergency cases.
Effect of Load on P,.

Fig. 6 shows another family of curves which give P,
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as function of load for various power factors. At a
slightly lagging power factor P, is almost unaffected by
the load, while at 0.8 leading power factor there is a
decided increase in P, with load. At 0.8 lagging power
factor there is a decided decrease to half load after which
the value remains practically the same.

Range of P..

In calculating the value of P, for a number of engine-
type, slow-speed synchronous motors, the writer has
found that the value is practically always between
1.6 and 2.2 at full load unity power factor. In general,
P, is low in motors of large size and very slow speed,
but higher in motors of smaller size and higher speed.
Its value depends largely on the real reactance of the
machine and on the ratio of the no-load excitation to
the full-load armature reaction. A large reactance and
low ratio tend to make a low value of P,.

Appendix
The Transient P, of the Synchronous Motor Taking
Resistance into Account. .
It has been shown in Equations (16) and (17) that
under ordinary steady conditions

I=4+4j14,
where
.1 (Eocosy — E,) + x, Eysin ¢ 1
¢ = 2+ x, ()
and
. rEoysiny — 2.’ (Eycos ¢ — E,)
hh= ~= @)

7?2 + ;, Zi
Now suppose y is suddenly increased to (¢ + A ¥).
Just as before, there is an increase in the Iz drop as
shown in Fig. 7 which is
Al%Z =E;{—[cosy—cos(y + ay)]
+7lsin (¥ + Ay) —siny]} (3)
This increase in 72 is made up of two ¢z drops.
One is due to the real component of 7, which is
At(r+jzx, (4)
since it is assumed that the cross armature reaction
flux has time to function. The other ¢z drop is due
to the wattless component of current ¢, and is
JAL(r+Jx)
where z. is the effective reactance.
Hence, from the above statement and equations
(4) and (5),
Alz =Adr—Ady2,+5(Adx, + A4, r (6)
Equating real and imaginary parts of equations (3)
and (6),

(5)

Arr— Az, = Egfcos (¢ + Ay) — cos ¢ (7
Atz + At r = Ey[sin (y + A y¢) — sin ¢] (8)
Therefore
Ad = i ;,;‘— {z.[sin (¢ + A ¢) — sin ¢

+ rfeos (¢ + A y) — cos y] } (9
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and
E,
r 4z, 2
+ r[sin (¢ + A ¢) — sin y] | (10)

By adding A7 and A4, to the original components of
current, the new components are obtained.

Aty = {2,/ [cos ¢ — cos (¢ + A y) ]

' =L | ’&)-i-x sinl//]
= e | (v =gy ) vung g

“L{ i +A¢)—.Sin‘//]
= T e z. [sin (¢

—rfecosy —cos (¢ + Ay) ]} (11)

and
Y N .,(cow__@_)l
1 = "z, 2, | rsin y — x, E, J

Ty, e lesy - s (v 4 aw)
+T[Sin(¢+_\¢)—sin¢]} (12)
The new voltage is:

Telescoping the current and voltage, the power is
obtained.

l E, ;
¥ — Ed)—i—xssln‘p

4+ x,x,

r(cos
P=FEg2cos(y + 2y [

+x,{sini+_.\__bin_ Yi—r{cos y—cos(y+2a ¢)}
- b xe

: Ey
rsmy — .’ (cos,,L'— E—)

™+ xx,

+ Eq¢tsin (¢ L+ A;)[

x,'{cos y—cos(y+1 y) | +risin(y+A ¥)—sin ¢} ]

” 4z
(14)
In the above equation let
rt+rlr.=22 )
and (15)
R T ge= 2 /
Substituting (15) in (14) and reducing,
P =FEgecos (¢ + Ay) [-_ I;-’f_a:_iL
2o %,
—rsiny + z,” cos y }
1 b+ A rE,
+ Lo (Zesin(y ¥) +reos(y+ ay)}— Yo
: z, (x,~x
+ Esin (y + A y) [To;zf;‘— {," cos ¢ — rsin ¢}
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1
op zT{TSin(‘P'FA‘P)—xs'COS(lP-FAlP)}

z,, En
y 2] (16)
In Equation (16), let
(. — %)

ZZZZ—{xs’cosw——rsinw} (17)
0 e

Substituting (17) in (16),

C:

1
P=E02005(¢+A¢)[—TC+‘ZT

. rE,
{z,sin (y + A¢) +rcos(¥ + N 2ot Ey ]

+Emmw+Aw[mw+

Dl

_ , x, En
{rsin (¢ + Ay) —z/cos(¥ + 49} + 22 Eo ]

(18)
Differentiating P with respect to A y to get P,

E, ,
P,=E¢ (C 22 Eq ) [z,/ cos (¢ + A )

D5 .
+rsin (¢ + AY) +—z2x cos2 (¢ + A ¥)}(19)

At displacement y, (19) becomes

< n

P, =E;? (C -+ 2 E, ) [z,” cos ¢ + 7 sin ]

’

Lo —

Ls
+ . ¢os 2y (20)

which is the required value of P,, taking resistance into
account. In this formula, ¢ is given by equation (17),
and z, and 2z, by equation (15).

If the resistance terms are disregarded,
(xt - xe)
%5 Ll B

C = cos ¥ (21)

Substituting (21) in equation (20) and neglecting r,
equation (20) degenerates into

P,=E¢ (-—1—— L )cosh,b
9% Z,

Tat Ze

1 1 E, 1
+( - )c0521//+ Bz, cos ¥ J (22)

which is the expression obtained previously for the
case of no resistance, Eq. (36).
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WILL HE SEE AND HEAR ACROSS
U. S. IN 19297

“I expect to see and hear by electricity the presi-
dential inauguration in 1929 even though I may be
thousands of miles away from Washington,” declares
Dr. Gerald Wendt, director of the division of industrial
research, Pennsylvania State College. He is foreseeing
electrical advances that are sure to be made in the next
few years by industrial research. “Single pictures are
already being sent across thesea,” he points out. “When
a more sensitive photoelectric cell is developed, a
picture will be transmitted as rapidly as the movie can
flash it on the screen. In Washington during the cere-
mony, the microphone will have a ‘microscope’ along-
side it and I shall be sitting in my own living room seeing
and hearing the entire performance as if I were on the
spot. Then we shall have radio movies for every
home.”

WIND MAKES POWER LINES “HEAVY
ON THEIR FEET”

Power lines have to be built to support wind as well
as wire. Where a new high-tension line crosses the
Qacramento River with a span four-fifths of a mile
long, the tallest power-line tower in the world rears its
top 459 feet in air. The weight of wire suspended in a
long arc from this tower to another 410 feet high on the
opposite side of the stream is 69,000 pounds but wind
pressure against the wires may add as much as 14,400
Ib. to the load. The tallest steel structure itself
weighs 405,000 1b. but is built to resist a wind pressure
of 108,000 Ib. It stands on a foundation of piles driven
80 ft. into the ground under a concrete base weighing a
million pounds. Sixty-six per cent of this piling and
concrete is required for wind load only.
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I'he Circle Diagram of a Transmission Network
BY FREDERICK EMMONS TERMAN:

Assoclate, A. I, &, &,

Synopsis.

The first eircle diagrams of e character
described wer

published almost sunullaneously by Thiclemans n
Europe and Evans and Sels in (his country. The diagram of
Evans and Sels is nol nearly as complele as Thielemans’s, but is
more easily construcled because of the mathematical nethods em-
ployed Lo determine the cirele centers and radii.  The present paper
ts an elaboration of the work done by these two investigalors. [
coordinates the graphical and mathematical methods of construction
and extends, their application.

The principal contributions of this article are incorporated in
Tables I and 1] and in the paragraphs concerning geomelrical
checks that may be applied lo the circle diagram. Tables | and 1/
tnclude formulas for determining the coeflicients of alarge number of
cvreular loci which have not been herelofore constructed by mathemai-
ical methods. Other Jormulas given in Tables I and [] are lo be
Sfound elsewhere, but generally in a somewhal more complicaled,
although equivalent, form. The graphical checks that resull Srom

heretr

INTRODUCTION

IN the last few years there has been considerable
development in methods for the graphical solution

of transmission systems. The principal results of
this work have been the conception of network con-
stants developed by Evans and Sels,? and the work that
has been done on the circle diagram by Thielmans?,
Evans and Sels?, and others,

At the present time the information available on the
circle diagram consists of more or less incomplete and
unrelated fragments that have been developed by these
different writers. It is the purpose of the present
paper first, to coordinate, consolidate and expand the
work that has been done on the circle diagram; second,
to develop simpler methods of constructing the dia-
gram; and finally, to determine new loci.

Any electrical network to which power is supplied
at two terminals and this power transmitted by the
network to another pair of terminals can always have
its characteristics represented by either of the following
pairs of equations in which the subscripts s and r
denote sending-end and recelving-end quantities,

respectively:
E,=AFE +BI (1a)
I, =CE, +DI, (1b)
E.=DEFE,- B, (2a)
I, =AI-CE, (2b)

These two pairs of equations are equivalent to each

1. Instruector in Electrical Engineering, Stanford University,
Calif.

2. Evans and Sels, Electric Journal, 1921.

3. “Diagrams of Transmission Lines,” by L. Thielemans,
Revue Generale de L'Electricitie, 1920-1921.

Presented at the Pacific Coast Convention of the A. I. E. E.,
Salt Lake City, Utah, Sept. 6-9, 1926. Complete copies available
to members on request.

the geometrical propertics of the circle diagram, as Jirst investigated
by Thiclemans, have wot heretofore been applied to diayrams derived
by mathematical computations. Ry ¢ sbablishing the ddentity of the
Fhielemans and Evans and Sels diagrams, it has been possible lo
utileze the numerous geomelrical properties of the diagram that
Thielemans has worked oul, as well as (o meake use of other graphical
propertics.  Wilh the awid of the inforimation incor poraled in tLhe
Jollowing paragraphs it 1s possible to construet a cirele diagram on
which may be dvawn circles representing almost any conceivable
locus.  This construction is carricd oul with the aid of compulations
made from the relatively simple formulas tncorporaled in Tables |
and 11. Auny errors in the mathematical or graphical work that
lead lo an incorrect diagram can be sim ply and quickly uncovered by
applying the numecrous geomelrical checks thal are grwen in the
paper.  The resull is a diagram cusy lo oblain, ulmost error proof,
and of extreme usefulness.

*

other but it is often convenient to utilize all four
equations. The frequency of transmission and the
character of the electrical network being used for
transmission are taken into account by the four com-
plex quantity coefficients A, B, C, and D. A set of
such constants, commonly referred to as the network
constants, can always be determined from a knowledge
of the network elements and the frequency. Only
three of the four constants are independent, for it can
be shown that in any network the relation A D = 1
+ B C must hold true. Also, in the special case of a
network which is symmetrical about the center it can
be shown that 4 = D,

RECEIVING-END CIRCLE Di1AGRrRaM

Construction of the Diagram. Let us first lay out a
coordinate system in which the X and Y axes represent
received power P, and received reactive power Q,,
respectively, with leading values of Q. considered as
posutive.  With the aid of equations (1) and (2) it is
possible to compute values of P, and Q, which will give
a constant generator voltage E,. When these results
are plotted on the P, — Q, coordinate system, the
result is found to be a cirele no matter what constant
value of E, is being investigated when the receiver
voltage E, vs constant. The only effect of the value of
E istovary the radius, so that the locus of points on the
P, — Q, coordinates which represent constant values of
E, is a family of concentric circles, as shown in Fig. 1.
If the investigation is continued, it is found that the
loci of points in Fig. 1 which represent constant genera-
tor power factor, constant efficiency of transmission,
constant sending-end power, etc., are also circles,
provided only that the receiver voltage is kept constant. A
P, — Q. coordinate system upon which such circular

1238
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loci have been placed is called the recetving-end circle
12,000 L diagram of the transmission network.

! A In order that the circle diagram may be of practical
$ 8000 ’f‘oom% \-‘ A use, it is necessary to find some satisfactory way of
2 52200, " TN e drawing the various circular loci that may be put on the
% o000 L Bael” ’\h ] coordinates in Fig. 1. To draw a circle, one must know '

' T J_\\ . the coordinates of the center and the value of the radius
Lo sl ANV A N measured in terms of the coordinate system. Starting

X IS n // i i with the equations (1) and (2), it is possible to derive
@ = equations that give the relation of P,, Q. and E, to other

4,000 Eop Bl 3e” / o~ I*‘?’— quantities, such as generator voltage, generator end

: Boih = ,LJ‘ 1 £ power, etc. These all come out as equations of circles,
% 8,000 "4/ x |/ ,/\ 7&\ oS and from these equations we can determine the P,
S _;.{ZE:’Y )4 / pa and @, coordinates of the circle centers and the length of
o TR 5“474/’ L the circleradii. The results of such a series of computa-

' LA tions are given in Table I which presents the formulas
~te | required to compute the center and radius of any kind

160000 0 s 8000 12000 16,000 of circle that one may desire to draw on the P, — Q,

coordinates. The method used in obtaining the equa-
tions in Table I is indicated in Appendix A. In Ap-

Fig. 1—TvyricaL REeceIVING-END CircLE DIAGRAM

Showing loss circles, sending-voltage circles, and sending-end power-

factor circles pendix C will be found a numerical example which
TABLE I
CIRCLE COEFFICIENTS OF RECEIVING-END DIAGRAM
Kind of circle P, coordinate of center (Qr coordinate of center Radius Remarks*
o a H . er €s . :
Sending-end voltage...| —w = —e;? Cos (@ —~B)|—x = —er? Sin (@ — 8) > Circles are concentric
m
Power loss in trans- — w + m cos28 — - sin2 8 vmL —muw + m?coszg Circles are concentric
mission.............
Sending-end power fac- | The sending-end power factor circles can be drawn by a simple geometric construction that is much quicker than the analytic
TOT s 8 Aot g » Bl il 01 5, method. See text for graphical method.
c >
S8ending-end current. .. — ep? Cos (y — 9) — ep? Sin (y — %) .
iger Circles are concentric
er? er?
= —w + Cos (8 + &) = —g ———S8in ¥ +9) d
bd bd
m 1 m m? 1 4 {Cos 28 w
Efficiency of transmis- | — w + —— [—cos 28 + —] —z ———8in28 ———[1 { 4 )] Circles are not con-
BEOTL 8k s s s 7 s o s s 2 L 7 2 4 n? 7 \ 2 m centric
. cos28 sin 2 B m?
Sending-end power. . .. —w +m ~—xz —m m P; + Center is usually off
2 2 4 page
Sending-end reactive ro r e
volt-amperes........ -—w — —2— sin 2 8 —z — ? cos 2B V +r Qs Circles are concentric
Reactive volt-amperes sin 2 8
consumed by line.. . —w —r 2 —x 4+ r Sin2g yrV —rzxz 4 r2sin2g Circles are concentric
Receiver current. ... ... 0 0 iy ér Circles are concentric
Receiver admittanco. . 0 0 Yre? Circles are concentric
Sending-end conduc- —w — kcos28 —x + ksin2p8 k Circles are not con-
tance centric
Sending-end suscep- —w +Is8in28 —z +1lcos28 ! Circles are not con-
_tance............... centric
Notation
A =ala) a a
B =b/8 Network constants =— o2 —B); - — i _
pe =c/_-z w , Crlcos (x —B);, =z b er2sin (¢ — B)
D =d/35
= er? er?
P = Power in watts per phase m —_— e —————————
Q = Reactivo volt-amperes per phase b d cos (5 —8) bdsln (5 —8)
I: = Voltage to neutral
o | 1 m ey
J = Current in each wire k =— —
G = Conduclance to neutral 2 Ggbrm — et
B3, = Husceptance at sending end 1 2
Y = Admistance = SR ¢ <
L = P, — >, = Walts loss In transmisslon per phase Z By brr —er
7 = P./P, = Efficiency of transmission Subscript ''s"’ donotes a sending-end quantity.
V = (@, — Qr = Roactlve volt-amperes consumed in transmission Subscript “r'’ denotes a recolving-ond quantity.
A positive Q or V denotes leading reactive volt-amperes.
In deslgnating voctor quantitics a capital letter denotos the vector while
the small lottor denotes the length of this vector.

*Those remarks apply only to the case when the receiver-end voltage is constant.
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_shows In a specific way the method of utilizing Table I
In constructing the circle diagram.
After Table I has been used to determine the circular
’10'ci, and these have been drawn on the P, — Q, coordi-
nates, the values of the sending-end voltage, power,
power factor, ete., that go with known recetving-end
conditions can be determined by Inspection from the
diagram. It is necessary merely to observe the various
circles that pass through the point on the coordina e
system that represents the known receiving-end condi-
tions. This indicates the great usefulness of the circle
diagram, for the one set of computations required to
draw the diagram gives the solution of the transmitting
system for all possible conditions.

It is evident from Table I that a great number of
families of circular loci may be drawn on one system of
coordinates. Not all of these are ordinarily needed in
the solution of any particular problem, however, and in
any event it is best to draw no more than three or pos-
sibly four sets of circles on one coordinate system.
When more loci are required it is preferable to divide
them between two or more diagrams.

When deciding which loci to draw on a diagram, it is
well to keep in mind the information in Table I under
the column entitled “Remarks.”” When representing
the characteristics of a transmission system for ordinary
purposes it 1s usually sufficient to draw three families of
circles, which can best be sending-end voltage circles;
transmission power-loss circles; and either sending-end
power factor circles, or sending-end reactive power
circles; drawing each family of circles in colored ink
of a distinguishing hue. The data given by these sets of
circles will enable other items of importance to be easily
determined. Thus the sending-end power can readily
be found by adding the power loss to the received power;
the efficiency of transmission is the ratio of receiver to
sending-end power, etc.

It is worth noting that all of the circle centers and
radii can be computed from Table I without involving
the network constant C. This is possible because only
three of the network constants are independent, so that
the constant C can be expressed in terms of A, B, and D.

Procedure to be followed in drawing cirele diagram. In
drawing the receiving-end circle diagram it is neces-
sary to take the following steps:

1. Lay out a set of P, — @, coordinates to any con-
venient scale which will cover the range of values to be
expected.

2. Decide upon the kinds of loci that will be best
suited to give the information that is desired.

3. Compute the centers and radil of the desired
circles with the aid of Table I, and draw these circles
on the coordinate system that has been laid out. In
making these eomputations it is necessary to exercise
care in determining the algebraic signs of the terms
involving sines and cosines of angles.

4. Apply as many of the geometrical checks and
constructions described below as are desired.
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A receiving-end circle diagram can be drawn only for
a fixed value of receiving voltage E,. It is necessary
to draw a separate receiving-end diagram for each
receiver voltage to be considered. The approximate
locations of the various circle centers are shown in
Figs. 1, 2, and 3, which represent actual results given by
a long transmission line with terminal transformers.
The notation of these figures is that of Table I, with the
addition that the center of the P, circles is designated by
P,, the center of the E circles by E, ete.

The units involved in the diagram need introduce no
confusion. The results given in Table I are based on
equations (1) and (2); thus the units of the circle dia-
gram are the units of these equations. This will
ordinarily mean volts to neutral, current in each wire,
watts and volt-amperes per phase, transmission loss
in watts per phase, ete., as indicated in Table I.

Geometrical properties of the recewving-end circle
diagram. A circle diagram drawn following the formu-

LEADING KV A,

LAGGING KV-A

16,000 ———
© 2

-RECEIVING-ExD CIrcLE Disgrax

Fie. 2-

Showing approximate location of centers and some of the diagram’s
geometrical properties

las in Table I must possess certain geometrical proper-
ties. While these properties can be used to draw the
circular loci, it is more accurate and much quicker to
draw the diagram with the aid of Table I, and to use the
geometrical properties as checks to verify the correct-
ness of the construction. The only exception to this is
in the case of sending-end power factor circles, which
are most satisfactorily drawn by the geometrical con-
struction given below. The more important graphical
properties of the receiving-end circle diagram follow:

Location of E,. Theangle X O E. (see Fig. 3) must
equal (180° + a — 8) when measured in the conven-
tional manner from O X.

Location of I,. The angle X O . (see Fig. 3) must
quI{’al (180° — v 4 6) when measured backward from

Locus of constant receiver power factor. Constant
receiver power factor is equivalent to a constant
Q. P,, and the locus of this condition is a straight line
passing through the origin of the P. — Q. coordinates.
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The angle between this straight line and the axis
O X is the power-factor angle 6,. Positive values of
6, indicate that the received current leads the receiver
voltage by the angle 6,. Fig. 1 shows several constant
receiver power-factor loci.

Phase of sending-end voltage and sending-end current.
The phase of sending-end voltage with reference to the
receiver voltage is found by drawing E, H in Fig. I so
that the angle of O E, H measured backward from
E, Oisequal to . The true phase of E, referred to E,

for any point M on the diagram is then the phase of-

E, M relative to E, H. This is the angle & shown in
Fig. 1. The phase of sending-end current with refer-
ence to the receiver voltage is found by drawing I, K
backward from O I, by the angle . The phase of I,
referred to receiver voltage for any point M on the
diagram is then the phase of I, M relative to I, K.
This is the angle ¢ shown in Fig. 1.

Sending power-factor circles. If M is some point on
the coordinate system in Fig. 1, then the angle E, M I,

——— -
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Showing approximate locations of centers, and some of the diagram's
geometrical properties

equals (8, + 8 — 6), where 0, is the angle by which I,
leads F,, and therefore is a positive angle for leading
power factors. 'The locus of points for constant 6, is
accordingly a circle passing through E, and I,, and with
its center on the perpendicular bisector of E, I,. The
location of the center on this perpendicular bisector
depends upon the power factor being represented, and
can be found by laying off the angle I, E, 6, in Fig. 3
equal to (90°— 0, — B + 8) measured in the positive
direction from F, I,. The intersection of F, 6, with
the perpendicular bhisector is the center desired, and the
radius can be readily determined by the fact that the
circle must pass through F,. This geometrical con-
struction offers the only satisfactory method of deter-
mining the 0, circles, for the corresponding formula that
might be put in Table I is most cumbersome and awk-
ward in application.

Sending-end power circles. The center of these circles,
P, is the point where the line P, E, intersects the per-
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pendicular bisector of E, I, as shown in Fig. 2. The
line P, E, is determined by laying off the angle P, &, i
equal to (8—6). This construction is shown in
Fig. 2.

The sending-end power represented by any circle
with P, as a center can also be determined by a graph-
jcal construction. Draw any convenient circle repre-
senting sending-end reactive power (a Q, circle). This
circle must be large enough to intersect the P, circle
that passes through E,. Draw a line through the two
points of intersection (line j & in Fig. 2). This line will
be parallel to E, I,. The sending-end power represented
by any P, circle can then be found by noting where this
circle intersects the Q, circle mentioned above. The
perpendicular distance from this intersection to j k
is proportional to the value of P, being represented.
Let this distance be % when measured in terms of the
coordinate system. Then in the notation of Table I,
the value of P, that corresponds to % is .

w

Fos sin (8 — )

Transmission loss circles. The center of the loss
circles is point L. This is the point where the line
parallel to X X’ and passing through P, intersects the
circle that has P, as its center and passes through E..
See Fig. 2. This sending power circle that passes
through E, is the circle for which P, = O. The inter-
section of this circle with a loss circle must occur at a
value of P, that is the negative of the loss represented
by the loss circle forming the intersection. This
determines the radii of the loss circles.

Efficiency circles. 'The centers of the efficiency circles
lie on the parallel to X X’ which passes through P..
The distance from the efficiency center to P, is in in-
verse proportion to the efficiency being represented, so.
that referring to Fig. 2,

__Length P, q,
Length P, 9,

Efficiency 7.

~ Efficiency My

This property can be used to locate quickly a large
number of efficiency centers after one center has been
computed from Table I.

Q. circles. The point Q, which is the center of the
sending-end reactive power circles is also the center of
the sending-end power-factor circle for which 6, = O.
The Q, circle representing the condition Q, = O passes
through E,, and of course coincides with the power-fac-
tor circle for 8, = O. The sending-end reactive power
represented by any Q, circle can also be determined
geometrically. Select a convenient sending-end power
circle that intersects the circle for @, = O and the other
Q, circles to be investigated. Draw the line ¢ ¢’ which
joins the points where the circle , = O intersects this
P, circle (see Fig. 3). The value of Q, represented by
any reactive sending-end power circle can be found
by noting where this circle intersects the P, circle
being used in the determination. The perpendicular‘




1242

d'istance from this intersection to the line ¢ ¢ is propor-
tl'onal to the value of Q, at the intersection. If this
distance is u’ (see Fig. 3) when measured in terms of the
coordinate system, the value of the Q. circle that gives
this distance is

’

u
Q = cos (B — 0)

The notation used is that given in Table I. Intersec-
tions to the right of ¢ ¢’ are caused by leading or positive
values of Q., and intersections to the left of ¢ ¢’ represent
lagging or negative values of Q,.

V circles. The center of these circles, the point V
In Fig. 3, is where the parallel to Y Y’ that passes
through the point Q, intersects the sending-end reactive

« M

M oM X'

}\‘ g
N
=}
Q
N .
Phase of E; H 0 Phawol - &
(a) (b)

Fi1G. 44-B—VECTOR Dr1iGraM REPRESENTING EquaTions (1a)
AND (1B) 1Ny VEcCTOR FoRM

power circle representing Q. = O. This is shown in
Fig. 3. These circles must have radii of such values
that the V circles intersect the circle Q. = O at a value
of Q, which is the negative of the value of V at the
intersection.

G, circles. Circles respresenting different values of
sending-end conductance have their centers lying on the
line E, P,. See Figs. 2 and 3.

B, circles. Circles representing different values of
sending-end susceptance have their centers lying on the
line E, Q., as shown in Figs. 2 and 3.

In addition to these geometrical properties, the re-
ceiving-end diagram must satisfy certain other rela-
tions. Thus the P. circles must intersect the loss
circles at a value of P, such that the received power
plus the loss equals the sending power. Similarly, the
point of intersection of the P, circles with the efficiency
circles must be a value of P, equal to the sending
power multiplied by the efficiency. Certain angular
relations must also exist between construction lines.
These are shown in Fig. 2, and are as follows:

Angle P, E, Q. = 90 deg.

Angle P,E. I, =3— 0

Angle between E, P, and axis X X’ = 180°— 28
Geometrical basis of the receiving-end diagram. Since
the receiving-end diagram is determined by the mathe-
matical properties of equations (1) and (2), it 1s possi-
ble to plot these equations in vector form and obtain
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the receiving-end diagram without the use of Table 1.
This has been done by Thielemans, and gives an alter-
native method of construction.

Using the received voltage as the axis of reference,
equations (la) and (1b) give the vector diagrams
shown in Figs. 4a and 4b. The parts N M of Fig.
4a and N’ M’ of Fig. 4b are both determined by the
phase and magnitude of the received current. By
suitably choosing the voltage scale in Fig. 4a with
reference to the sending-end current scale in Fig. 4b,
it is possible to make N M and N’ M’ represent re-
celived current to the same scale. It is then possible
to superimpose N M on N’ M’, with the result shown
in Fig. 5. This is a compound diagram, for the part
O N M is a sending-end voltage diagram in which O H
represents the phase of E,, while O’ N M is a sending-
end current diagram in which O’ K represents the phase
of E.. These two triangles are related by the common
link N M which simultaneously represents a component
of sending voltage, a component of sending-end cur-
rent, and the received current vector. The phase of the
received current is determined by N X, the position of
N M when the receiver current is in phase with the
receiver voltage. The scales in the different parts of
Fig. 5 are not the same, but are related to one another
by the common part N M.

Let us consider Fig. 5 for a constant value of receiver
voltage E.. In this case, points O, O’, and N, in Fig. 5,
are fixed, and the position of point }, which is deter-

\ —

b Z\L Es M X
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wl |\
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Fig. 5—Coymprouxp DiaGraM RESULTING FROM THE SUPER-
POSITION OF Figs. 41-B

mined by the received current, 1s the only variable
point on the diagram. Since the receiver voltage is
constant, it is possible to make N X and N Y the P,
and Q. axes of a system of power-reactive power coor-
dinates. This is because the received real and reactive
power are proportional to the in-phase and quadrature
components of received current, respectively, when the
recelver voltage is constant, and it is obvious that these

current components are the projections of N M on
NXandN'Y.
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Now compare Fig. 5 with Fig. 1. It is evident that
these two diagrams are the same, as far as they repre-
sent the same things. The points O, 0’, N, and M in
Fig. 5 correspond exactly to E,, I., O, and M in Fig. 1,
and the power coordinate systems are identical in the
two cases. Thielemans has investigated the geometrical
properties of Fig. 5, and his results form the basis of
many of the geometrical checks given above for use in
verifying the accuracy of the diagram construction.

It is helpful to keep in mind the relation between
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of M that lie'on a circle having 0 as the center. It is
the identity of Figs. 1 and 5 that makes it desirable to
plot leading quantities as positive, as explained in
Appendix B.

SENDING-END CIRCLE DIAGRAM

Construction of the diagram. Instead of using a sys-
tem of P, — Q, coordinates, as in the receiving-end
circle diagram, it is possible to use a set of P,— Q,
coordinates. When results computed from equations

TABLE II
CIRCLE COEFFICIENTS OF SENDING-END DIAGRAM
Kind of circle P, coordinate of center ‘ Q, coordinate of center | Radius Roemarks* o
—. [ d ‘ d i €g er . .
Receiver voltage. ... ... y = ——eg? cos (5 —B) z = 3 eg?sin (8 — B) b Circles are concentric
b
n .
Power loss in transmis- y — hcos?f l z + (sin 2 B) vLn —yn+nicos*p Circles are concentric
glot. ... .iccews . nea
Receiver power factor. .| The receiving-end power factor circles can be drawn by a simple geometric construction that is much quicker than the analytic
method. See text for graphical method.
c . )
Receiver current....... ey? —— COS (v — @) eg? sin (v — o) . Circles are concentric
a a egl
e es? ‘ B g lr
=y - cos B8 + @) =z + sin (8 + @) a
ab ab
n n n? cos2g v .
Efficiency of transmis-| y ——— (cos28 + 1) z + sin2 8 [1 +n?+4 17( - )] Circles  are not con-
sion atnn'dmn b - | 2 4 2 n centric
ncos28 nsin 2 8 n? .
Receiver power....... | y - — z +— —n P, Center is usually off
2 2 4 page
| s s s? . \
Receiver reactive volt- | +y +——sin28 +z + cos2 B —5Qr Circles are concentric
amperes 2. 2 4
|
Reactive volt-amperes } y + sin 28 z —ssin?B VsV —sz 4+ stsin?2g Circles are concentric
consumed by line. . ..
Sending-end current. . l e lg Circles are concentric
Sending-end admittance| Y, es? Circles are concentric
Receiver-end conduc- Circles are not con-
VACE e 2 Y e v iy o | y —t(cos28 z +(sin2p8 { centric
Receiver-end  suscep- | Circles are not con-
tance............ } y +usin2g z +ucos28 u centric
Notation 4 -
A=ale y ='I’eg=cos(6—ﬂ). z="b_'es’sin(6—ﬂ)
I b { 8 h
C =c/ Network constants ex? es?
D =d/l3 | h & = o | _'_"_.__
P = Power in watts per phase albcos (¢ —B) absin (« — )
Q Reactive volt-amperes per phase 1 negt
£ = Voltage to neutral s —II—L——I
I Current in each wire 2 Gr b*n + e

Conductance to neutral

Susceptance at recelving end

Admittance

P, — P, = Watts loss in transmission per phase

P,/ Py = Efficiency of transmission

v (75 Q, = Reactive volt-amperes consumed in transmission

¢ 0y b ou ok 0 ohomoy N

“These remarks apply only to the case whcrﬁhc uentilng-end v&mgo is constant.

Figs. 1 and 5. The principal difference is that in Fig. 1
the important points of the diagram are located by
plotting on the P, — (), coordinate system, while in
Fig. 5 these same points are found to be ends of impor-
tant vectors in the representation of equations (1a)
and (1b). With Fig. 5 in mind it i8 easy to see why
some of the loci are circles.  Thus the sending-voltage
vector in this diagram is represented by O M, and ob-
viously a constant sending voltage must he for positions

1 s et

2 Bybs+ es?

i =

Subsecript “‘'s'* denotos a sending-end quantity.

Subserlpt 'r'’ denotes a recelving-end quantity.

A positive Q or V denotes leading reactive volt-amperos,

In designating vector quantitios, a capital letter denotes the vector
while the small letter denotes the length of this vector.

(1) and (2) on the basis ol a constant generalor vollage E,
are plotted upon this system of coordinates, properties
similar to those of the receiving-end diagram are found.
Thus the loci of points on the P, — Q, coordinate system
which represent constant receiver voltage, constant
receiver power factor, constant efliciency of trans-
mission, constant receiver power, etc., are all circles,
provided the sending vollage 18 constant. Such a diagram
is known as the sending-end circle diagram of the trans-
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mission network. It is found that for every properly
possessed by the receiving-end diagram there is a
corresponding property of the sending-end diagram.

The construction of the sending-end diagram is
carried out in a manner exactly similar to that used in
obtaining the receiving-end diagram. The only difler-
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Showing anproximate locatfon of centers and some of the diagram's
geometrical properties

ence is in the formulas used in determining the centers
and radii of the circles. The coordinates of the circle
centers and the length of the radii can be derived from
equations (1) and (2) in the manner indicated in Ap-
pendix A. The results of such derivations are given in
Table 11, which is used in exactly the same number as is

Table I.
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The difference between the sending-end and receiv-
ing-end diagrams is in the coordinate system and in the
quantities that are represented by the circular loci.
The receiving-end diagram must always be drawn for
a constant receiver voltage, and similarly, the sending-
end diagram can be drawn only for a constant sending-
end voltage. If the sending voltage is changed, it is
necessary to draw a new diagram.

Procedure to be followed in drawing the sending-end
circle diagram. This procedure is exactly the same as
that given under the heading of Receiving-End Cirele
Diagram, with the exception that the circles are deter-
mined with the aid of Table II instead of Table I and
that the geometrical properties of the sending-end
diagram are somewhat different. The approximate
locations of the circle centers are shown in Figs. 6, 7, and
8 which have been drawn (o represent a long trans-
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Showing approximate location of centers and some of the diagram's
geometrical properties

mission line with terminal transformers. The notation
of these figures is that of Table II with the addition
that the center of the P, circles is labeled P,, the center
of the E, circles is labeled E,, etc. As with the re-
ceiving-end diagram, care must be taken in using Table
I to ensure the correct algebraic signs of terms involv-
ing sines and cosines.

Geometrical properties of the sending-end circle diagram.
The circle diagram drawn with the aid of the formulasin
Table II possesses certain geometrical properties.
These properties are analogous to those of the receiving-
end circle diagram and have the same practical useful-
ness. These geometrical properties are indicated in
Figs. 6, 7, and 8. A complete description of them is
given in the unabridged paper.

The receiving-end power factor circles which, as indi-
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cated in Table 11, are most satisfactorily drawn graph-
ically can be obtained by the following construction.

Receiving power-factor circles. The locus of points
on the sending-end diagram which represents constant
receiving-end power factor 1s a circle passing through
E, and I, and having its center on the perpendicular
bisector of the line E, I,. The location of this center
depends upon the power factor being represented and
is at the intersection of the perpendicular bisector with
a line passing through E, in such a way that the angle
0.E. 1, is equal to (90 deg. — 6, — 8 + @) measured
in the conventional direction from E,I,. This con-
struction is shown in Fig. 8.

Geometrical basis of the sending-end diagram. Since
the sending-end diagram is determined by the mathe-
matical properties of equations (1) and (2), it is possible
to plot these equations in vector form and obtain the
sending-end diagram without the use of Table II, just
as it was possible to derive the receiving-end diagram
by means of a vector construction.

MISCELLANEOUS ToOPICS

Relations between sending-end and recetving-end dia-
grams. When the receiver end of the transmission
network is supplying power to the network, the received
power P, is negative and the operating point is some-
where to the left of the axis Y Y’ in Fig. 1. It is possi-
ble in this way to extend the circle diagram to cover
generator action at the receiver, and since generator
action at the receiver is equivalent to making the
receiver a sending-end of the diagram, it is evident that
the negative part of the receiver diagram is closely
related to the positive part of the sending-end diagram,
and vice versa.

The reduced circle diagram. The receiving-end circle
diagram must be drawn for a constant E,, and the
sending-end diagram must be constructed for a constant
E.. When neither terminal voltage is constant, it is
necessary to use the circle diagram indirectly by draw-
ing the diagram for a certain voltage and then multi-
plying results obtained from this diagram by appro-
priate factors to convert the results to those for the
voltage desired.

The basis for determining this multiplying facter is
that all power and reactive power quantities are pro-
portional to the voltage squared and all current quan-
tities are proportional to the voltage. In this way it is
possible to draw a sending-end or receiving-end diagram
for a terminal voltage of one volt and from this diagram
determine the network solution for any terminal voltage.

Use of current and admittance coordinate systems. In-
stead of calibrating the axes of the coordinate system
In watts and reactive volt-amperes, these can be cali-
brated in terms of reactive and in-phase components of
the terminal current, or in terms of terminal con-
ductance and susceptance. This is possible since when
the terminal voltage is constant a definite terminal
power is equivalent to a certain in-phase current and a
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certain conductance. When the coordinate system 18
in terms of current components all centers and radii
computed with the aid of Tables I and II must be di-
vided by the constant terminal voltage before plotting on
the current coordinates. When the coordinate system
is in terms of admittance components, all centers and
radii computed from these two tables must be divided
by the square of the terminal voltage before plotting.

The geometrical properties of the sending-end and
receiving-end diagrams are the same whatever the kind
of calibrations that are put on the coordinate axes.

ELECTRIC POWER FOR SICILY’S
'SULPHUR MINES

Sulphur is one of the few minerals that Italy pos-
sesses and exports in large quantities, but since her prac-
tical monopoly in this ore ceased in 1905, when America
began working the deposits of Louisiana and Texas,
the conditions under which this branch of the Italian
mining industry has labored have been very difficult
and at one time disastrous. Since 1923, when an
agreement as to output and sales was signed with
America, there has been an improvement, but the
export figures for 1925 again showed a decline.

Sulphur mines occupy nearly one-fifth of the area of
Sicily and afford employment to some 18,000 persons.
They are therefore of great economic importance to the
Island, but hitherto they have labored under the dis-
advantage of antiquated equipment and working organi-
zation. While the wages paid to labor have been noto-
riously low, the cost of production has been high. It
has long been felt that the electrification of the mines
was the essential to their economic recovery and now
at last comes a decisive step in this direction.

On the 11th May, 1926 the corporation for the techni-
cal and economic development of the sulphur industry
of Sicily signed a contract for the electrification of all
the services connected with the Sicilian sulphur mines,
the power to be produced by a central thermal electric
station at Catania and transmitted to all the sulphur
mining districts over a main line at 40,000 volts running
between Catanig, Caltanisetta and Campo-Franco, with
a subsidiary line at 10,000 volts for the Caltanisetta-
Sommatino district. The agreement requires that the
whole installation be completed in three years’ time,
but it is believed that the work will be finished much
sooner.

The cost of the installation is estimated at from 34 to
35 million lire of which the corporation for the technical
and economic development of the Sicilian sulphur mines
will contribute eight million.

The total length of the lines to be installed is not less
than 500 km. Expert opinion pronounces the scheme
adopted a sound one, both technically and economically.
Modern mining industry cannot prosper unless it can
avail itself of an adequate power supply which can be
transmitted and subdivided readily, and is available at
alow cost. These are theexpediencies of electric power.




Abridgment of
Lightning
A Study of Lightning Rods and Cages, With Special Reference
to the Protection of Oil Tanks
By F. W. PEEK, JR !

Fellow, A, 1. V. I,

Synopsis.—Iormer papers have discussed the voltage and nature
of lightning, lightning voltages on transmission lines, and means of
protecling against them, the eflect of lightning voltages on insulations,
elc.  This paper is a further report on Lhis investigation which has
been in progress a number of years. Special attention is given here

O1L TANKS AND RESERVOIRS

IL is frequently stored in very large quantities.

This storage is often so great, in fact, that, eco-

nomically, metal tanks are said not to be feasible,
The tanks or reservoirs, which are usually made of re-
enforced concrete, are frequently 500 ft. in diameter,
but sometimes in oval form as large as 600 by 1200 ft.
and 30 ft. deep. Occasionally some of the smaller
tanks are of metal. The capacity ranges from seven
hundred thousand to three million barrels. A group
of tanks makes up a farm.

The tops of the tanks are covered with wood or wood
covered with felt or other materials to keep out the sun
and to prevent evaporation. Between the roof and the
surface of the oil there is an air space which may con-
tain oil vapors. The mixture of air and oil gases
may be in the right proportions to be explosive and
ignited by a very small spark. Sparks can occur
between metal parts on the roof or between wet parts
by induction, or by direct strokes, and cause fires or
explosions. It is probable that induced voltages can
cause fires only when inflammable or explosive gases
are present. Direct strokes can set fire to either oil
or wood.

Various principles found in the general study of
lightning, as well as specific investigations for trans-
mission lines, etc., can be applied to oil tank and reser-
voir protection? Work already reported® will be
outlined here for convenience. Additional work done,
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Franklin Institute—Jan. 1924. ‘‘Lightning,” Jouwrnal of the
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Presented at the Pacific Coast Conveniion of the A. I. E. E.,
Salt Lake City, Utah, Sept. 6-9, 1926.

to additional work on the chance of objects being struck, the arca pro-
lected from direct strokes, by « rod or number of rods, overhead wires,
grids, nets, cle., the effect of nets and cages in reducing induced
voltages, elc. This work is particularly applicable lo the protection
of vil tanks, buildings, magazines, elc.

specifically on model oil tanks, will be given in greater
detail. Although work on models and theoretical
work cannot always exactly simulate or anticipate
all practical conditions, it should be of great help in
solving the problems of protection.

How Srarks OCCUR

Sparks can occur in oil tanks by a direct stroke,
electrostatic induction or by electromagnetic induction.
A direct stroke can take place when the storm center is
over the oil tank and set fire to wooden roofs, ignite
oil directly or indirectly, or melt thin, metal plates.
Sparks can form between conducting parts by electro-
static induction from storms overhead or at a consider-
able distance. As already noted, induced sparks can
generally cause fires only by the ignition of gases.
Electromagnetic induction could cause sparks as a
result of heavy currents caused by a direct stroke in
the vicinity of the tank.

Direct strokes are by far the most dangerous, but
voltages by direct strokes are much less likely to occur
than by induction. Induced sparks can occur only
between isolated conducting parts or conducting parts
In poor contact. These conducting parts could be of
metal or water, etec. Trouble by electromagnetic
induction is probably the least likely to occur.

INDUCED VOLTAGES

A brief description may be of interest as to how elec-
trostatic induction occurs. Assume the cloud in Fig. 1
to be negatively charged. A well insulated wire
along an equipotential surface takes the potential
of the space in which it is located and becomes (+)
on the side nearest the cloud and (=) on the side
farthest from the cloud (Fig. 1A). When the cloud
discharges, the two charges on the wire go together
and the potential of the wire becomes zero. In this
case, 1t is possible for g spark to occur between the in-
sulated wire and some other wire near 1t but differently
located in space, even though the cloud does not
discharge. What is usually known as electrostatic
induction, however, occurs as follows: Assume the
wire in Fig. 1B to be poorly insulated, or grounded ;
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the negative charge leaks away. The wire becomes
positively charged, while its potential becomes zero.
When the cloud discharges, the bound charge on the
wire is released, which causes it to take a potential
above ground with a sign opposite to that of the cloud.
The wire generally reaches its maximum potential at
the instant the cloud reaches zero. The potential
that the wire assumes is approximately equal to its
height above ground times the voltage gradient or
volts per foot, measured vertically. The voltage
gradient depends upon the position of the cloud with
reference to the wire. The maximum voltage that a

+ + o+ + + 0+ + + + -

L L I 5 ] S o
a b c
Fic. 1—VoLtaGE INDUCED BY LIGHTNING

wire can assume is equal to 100,000 times its height
in feet above ground. This is practically a direct
stroke. In general, this voltage is,
V=gah=Gh

where ¢ i1s the gradient in volts per foot and % is the
height in feet. As shown in Fig. 2, ¢ depends upon the
distance of the cloud from the wire. For short wires,
« 1s unity. In the case of long transmission lines, «
would be less than unity, its exact value depending
upon the rate at which the cloud discharges. This
would follow because in slowly discharging clouds the
charge would be dispersed over the line for a consider-
able distance before the cloud became completely
discharged. Measured values of ¢ «, or apparent
gradients, G, as high as 50,000 kv/ft., have been ob-
tained on transmission lines. Sparks may occur between
wires or other conductors on tanks, due to these induced
voltages. Grounded wires near and parallel to the
line wire reduce induced voltages, a cage around the
wire still further reduces them, while a complete metal
cover eliminates them. Ground wires are considered
effective on transmission lines if induced voltages are
cut in half; this would not be the case of conductors
in oil tanks because even 500 volts could cause a tiny
spark between metal parts almost in contact. The
work on models has shown that tiny sparks can occur
hetween conductors inside of cages even when the mesh
is comparatively small. No sparks could be obtained
in complete metal tanks. (See Table VII). Sparks
can occur in metal tanks, however, between plates
making poor contact or from wires or pipes brought
in from the outside and not making good contact with
the tank.

Electromagnetic induction resulting from heavy
currents flowing in the vicinity of the tank may cause
sparks. In experiments, it was not possible to obtain

PEEK: LIGHTNING

1247

sparks in the complete metal tank or in the tank with
open sides. Sparks were obtained only in the extreme
case shown. :

DIRECT STROKES

While the most severe lightning effects are pro-
duced by direct strokes, in order to have a direct
stroke at a given spot, it is necessary for the cloud to
be over that spot at the instant it is charged to suffi-
cient voltage to cause a discharge. Voltages by direct
stroke are thus much less likely to occur than voltages
by induction since induced voltages can be produced
by any storm within a radius of several miles. Sparks
by induced voltages cannot occur unless there are
conducting parts almost in contact or making poor
contact; as wire, nails or wet spots ona wooden roof, etc.

Although the chances of direct strokes are usually
small, the effects are so severe that an exhaustive study
of protection against them seemed worth while. The
general methods followed were similar to those used in
previous work. Models were built to scale and sub-
jected to voltage from the lightning generator as well
as all other types of voltages. The same general
results were obtained from all types of clouds, points,
spheres and planes. The hits were recorded by placing
paper targets under the tank or other object under
study. A hole in the paper recorded the spot struck.
It was found that either the rod was struck or the
ground approximately four or more rod lengths away.
There was an area immediately around the rod that
was not struck. It can be seen that a model building or
tank properly located with reference to the rod inside of
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the protected area would not be struck. It has been
found that this same principle applies to a number of
rods. TFor instance, if four rods are arranged at equi-
distant points around a circle in such a way that their
protected areas overlap, a spark never strikes inside of
the circle. Thus, a building or tank placed within the
circle would be protected from direct hits. It is
desirable to place the rods a rod-length away from the
tank. Fig. 6 illustrates how this can be applied to an
oval tank.

There are other methods of protection which have
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been investigated and which will be deseribed below.
An umbrella frame of conductors, placed over the tank,
can be made to take direct hits. Paralle] wires strung
over the tank would prevent direct hits to the tank
provided the wires were not separated more ghan
four times their height above the tank. Other types
of meshes or cages could be used. The disadvantage
of such arrangements is that.it is generally not practi-
cable to place the conductors high enough above the
tank to prevent side flashes to the roof. The lightning
flash is also brought directly over the tank with the
possibility of dropping hot metal, magnetic induction,
ete.

PRACTICAL PROTECTION

From the investigation it seems that a metal tank
offers the only complete protection in oil storage against
both direct strokes and induced lightning voltages.
The thickness of the metal is not important from the
standpoint of induction but from the standpoint of
direct strokes must be great enough to prevent melting
through. The cover and all other metal parts must be
in good electrical contact. This applies especially
to parts near together. When explosive or inflammable
gases can be eliminated the problem is greatly simplified
since it is reduced to the protection of the tank against
direct hits. It appears that this can be done by placing
pointed rods around the tank. A round tank can be
protected by three rods. The method is shown
in Fig. 23. No part of the protected area must be a
greater distance from some rod than approximately
four times the height of the rod. To secure a
greater factor of safety it may sometime be advisable
to use a ratio of less than four as indicated in Fig. 19.
It is desirable to locate the rods about a rod’s length
away from the tank although it is possible that this
distance may be as small as half a rod length without
trouble. The object of placing the rods in this way is to
cause the hits to occur at some distance from the tank
and to prevent side flashes. The rods should be
grounded to damp earth immediately below. Where
the ground resistance is high or uncertain it is probably
best to connect the rod to the tank ground as well as to
its own ground. Figs. 10 and 11 show tests on pro-
tected and unprotected tanks. If guys are used, it is
desirable to make them as short as practicable and to
attach them to the rod as near the ground as practicable.
When there are projections above ground, the height
of the rods is increased an amount equal to the height
of the highest projection.

When inflammable gases are present it is important
to reduce or eliminate induced voltages. This can be
done by means of a thin metal or condueting roof
grounded and preferably extending over the sides.
A less degree of protection can be obtained by nets or
wires placed on the roof in the same way. When
nets are used, the closer the mesh the greater the
protection. Less protection would be given by wires
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or nets in practise than indicated by tests on model.s
This follows because the inductance of long wires would
not permit them to go instantly to zero potential.
The high degree of protection given by an all metal
tank is probably most nearly approached by a com-
bination of rods to take direct hits and a thin metal or
condueting roof and sides to protect against induced
voltages. Wires or mesh on or above the roof instead
of metal sheets would reduce induced voltages to a less
extent. In tests with a uniform field, a considerable
variation of the distance of the net above the roof did
not materially change its protective value. While there
may be theoretical reasons for placing a net a distance
above depending upon the size of the mesh, it would
appear less expensive and, by tests, as eflective to put
it directly upon the roof. All metal parts close to the
net should be connected to it. If this is difficult or

X~—130 ft.

_—T<F )»130ft.—»x
3\ - 0 !

<_Tank Wall

130 ft.

M
X

6—DiaGrayM SHowiNg Prorrecrtiox or OiL TaNK FrOM
DIRECT-LIGHTNING STROKE

Height of roof peak—35 ft.
Crosses denote four 130-ft. poles. 130 ft. from tank wall
Arcs indicate area within the tank wall. protected by each grounded pole
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uncertain, it may generally be desirable to raise the net
on slats or otherwise to bring it away from such objects.
With quarter-inch mesh, the supporting slats need not
be more than several inches high. (See induced volt-
ages in Table VII). In working out the protection for
any tank, such details are important

The above may be summarized as follows:

1-—An all metal tank offers the most complete pro-
tectron agarnst both induction and direct strokes. Such a
tank does not seem to be always economically feasible.

2—When explosive or inflammable gases are not
present, it is not necessary generally to provide for
protection against induced voltages. Rods can then
be wused to protect against direct hits. Rods do not
protect appreciably against induced voltages.

3—When inflammable gases are present protection
against induced voltages and direct strokes are neces-
sary. When an all-metal tank is not practicable from
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the standpoint of cost, the next best thing would be
thor oughly bonded and grounded metal roof and sides
to protect against induced strokes combined with rods
to take direct hits. The roof could be of thin metal,
since direct hits would go to the rods.

4—For the same purpose as the metal roof in (3), but

—
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Fig. 7—LigaTNING GENERATOR CircUiT USED 1N TESTS

less effective, would be the substitution of a wire net.
The smaller the mesh the more effective the net. De-
tails are important in placing the net. Other methods
of‘f‘protection can be worked out from the test data

Frc. 10—LigHTNING STRIKING UNPROTECTED OIL TANK WITH

CovERr (Taxk FiLLEp wiTH OIL)

given below. The above methods were discussed in
detail as an example, because they seemed among the
most practicable.

An actual test was made on a model of the tank
shown in Fig. 6. All of the hits went to the rods with
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clouds no higher than ten times the height of the rod.
Fig. 12 shows a section of a tank farm protected by rods.
In tests on the model, with the storm center at various
positions as indicated, the tanks were never hit.

3. EXPERIMENTAL INVESTIGATION

The arrangements used for studying lightning dis-
charges as well as the lightning generator have been
deseribed in former papers'. The results obtained in
these papers also have a bearing upon the present study.
The circuits are shown in a, b and ¢, Fig. 7. Fig. 7TA
gives a 60-cycle spark. In Fig. 7B a dielectric field is
established over the tank or wires under test. When
the sphere-gap discharges, this dielectric field collapses,
voltage is induced, and the effect of a cloud discharging
in the distance is simulated. When still higher voltages
are used, a direct stroke is made to take place to the
object under test. How well this arrangement sim-
ulates a natural lightning discharge is illustrated in

11—LiguTNING STRIKING Rops ProTeEcTING OI1L TANK
wiTH CoveEr (TaxK FiLLep wite O1L)
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Fisg. 10 and 11, which show zig-zag discharges, split
strokes, side flashes and branches. The branches
which show quite plainlyin the photographic negative
are partly lost in reproduction. Both unidirectional
and oscillatory discharges may be obtained with this
circuit. The tests were made in such a way that the
cloud was about half the time negative and half the time
positive. The circuit in Fig. 7C gives an impulsive
discharge. The cloud is ‘“dead” until the discharge
takes place. It would simulate one cloud discharging
to another and then to ground. Tests have been made
also up to 350 kv. d-c., with clouds both 4+ and - .
In studying any condition, from fifty to several
hundred discharges were usually made. Voltages up to
2,250,000 r. m. s. effective, 60-cycle, 2,000,000 lightning

and oscillatory were used.

4. F. W. Peek, Jr., “High Voltage Phenomena’”
of Franklin Institute, Jan. 1924.
Franklin Institute, February, 1925.

, Journal
“Lightning”, Journal of
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The cloud shown diagrammatically in Fig, 7 was a
horizontal plate 6 ft. x 74, ft. (152 em. x 229 em.) with
rounded edges. The height above ground was usually
about 43%4 in. (110 em.). Other types of “clouds”
such as spheres, and points were used. A short pointed
rod was usually suspended from the plane to represent
the storm center.

.\I\. ) ’(N:‘) x No.3

xNo.2 ¢
<No.5
x
@ e
Scale: 1 in. =850 ft.

e Denote positions of Grounded Towers
x Denote positions of Storm Center over Farm
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Fia. 12—Suowing Protecrion or OiL TanNk Farm rrow
Dirgcr-LicurNING STROKES
Hits to rods Hits to ground
Position of | in per cent of in per cent of Location of
storm center [total from cloud total from cloud| hits to ground
No. 1 , 80 20% All hit directly heneath
[ storm center, some dis-
| tance from tanks
No. 2 | 30% 70% ‘All hit directly beneath
| storm center, some dis-
tancoe from tanks
No. 3 | 9o 109 All hit directly beneath
storm center, some dis-
| tance from tanks
Nos.4,5,6,7 | 100 0% All strokes were o rods,
with none to tanks or
ground

Height of rods = 1.24 1n. (equivalent to 105 ft.)
Height of storm center = 12.4 in. (equivalent to 1050 ft.)
Ratio of cloud height to rod height = 10 : 1

Diameter of tank = 532 ft.

Distance rod to tank. = 60 ft.

Division of hits around a tank. These tests were
made to determine the division of hits between the
ground around the tank, the inside of the tank and the
edge of the tank. The tank consisted of a circular or
elliptical ring, made of a thin metal strip placed on a
metal plane. Fig. 144 is a typical target for a circular
tank. A number of strokes went inside of the tank, a
number to the edge of the tank and a number to the
ground at some distance from the tank. In Fig. 14B
the diameter of the tank was reduced while the height
was kept the same. In this case, there are no hits
inside of the tank. Either the edge of the tank or the
ground some distance away was struck. The fests
show that a hit mever occurs within a circular tank when
the height of the tank is greater than one-tenth the diameter.

If rods are placed around the tank shown in Fig. 148,
so that a line drawn from the top of a rod to the center
of the tank just touches the edge of the tank practically
all hits go to the rods.

Area protected from direct hits by wires and nets.
Fig. 17 shows a typical target of a wire parallel to and
connected to ground. Either the wire is hit or the
ground some distance from the wire. For a single

LXGHT
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wire, the ground is never hul nearer the projection of the
wire than about four times s height above ground.

A similar test was made on parallel ground wires,
It was found that the ground between the wires was
never hit when the separation of the wires was not
greater than about four times their height. Both of
these rules however, are subject to the cloud height as
discussed later.

In general, ground wires are not especially eflicient.
There are also several factors not shown by these tests.
Since, for large tanks, the wires must be quite long
compared to their height above the tank, side flashes to
the tank are thus likely to occur. Wires arranged like

.....

B

l4
Fic. 14 TarGET MADE BY LigurNING STROKES FROM CHARGED
Croup
a. 6!4-in. ciruclar tank -in. high
b 5-in. circular tank. in. high

an umbrella frame would be somewhat more efficient,
but a direct hit would be likely to side flash or follow the
cent.ral insulating pole to the tank. Heavy currents
flowing in such wires could produce internal voltages
by electromagnetic induction, while hot metal could
drop on the tank.

Area protected by rods. In previous investigations
it was found that lightning either struck a rod or the
ground some distance from the rod. There was always
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a protected area around the rod equal to about four
times the height of the rod. This is illustrated in
Fig. 5. The protective ratio should, however, vary
with the height of the cloud for a given rod. The fol-
lowing relation would be expected theoretically:
R,=V2R.—1

Where

R, = protective ratio

R. = cloud height divided by rod height or cloud

rod ratio.

Actually, however, a ratio much greater than four

would not be expected in practise because irregularities

[}

F16. 17—TARGET MADE BY LIGHTNING STROKES FROM CHARGBD
CLoub Oxt HorizontarL Grounn Wikre, 3-Ix. ABovE GrouND

would overcome the slight increased distance effect.
This is well illustrated in Fig. 19 where the theoretical
and measured curves are plotted together.?

It was found that a given area could be protected by
placing a number of single rods so that their protective
circles or areas over-lapped. For example, with a
cloud about fifty times the height of a rod the protective
ratio should be about five. Four rods were arranged
symmetrically about a circle. It was found that no
hits took place within the circle when no rod was at a
greater distance from the center than five times its
height .

Complete data on the area protected by three or more
rods with different cloud heights and different types of
clouds are given in Tables [V and V.

It may be concluded from these tests that a given area
can be protected by arranging a number of rods about it so
that no point on the area 1s at a greater distance from a rod
than the protective ratio times the rod height. The pro-
tective ralto varies with the cloud-rod ratio or the
ratto of the height of the cloud to the height of the rod.

5. When steady direct current is used, the measured curve
Fig.. 19 is followed with cloud (—). With cloud (4 ) the pro-
tective ratio for a given eloud-rod ratio is less. Theory indi-
cates a cloud is likely to be (—). Steady direct eurrent does not
represent the usual lightning condition.
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The practical protective ratio will usually vary between
three and four.

The results in Table VI show the effect of projections
within the protected area. It will be noted that, for
the given ellipses, complete protection is obtained for a
flat plane with the protective ratio of 38.47. This
area is still protected when a roof as high as one-third of
the rod heightisused. The effect of varying the position
of the cloud is also illustrated. Inthiscasea protective
ratio of four does not giye complete protection for all
positions of the cloud. The height of the cloud, how-
ever, was taken unusually low.

It is desirable to protect a tank from all directions of
approach of a storm. For this reason it 1s not well to
use less than three rods.

It is desirable to place the rods one rod length away
from the tank to prevent side flashes. _

Chance of mon-metallic objects being struck. It 1is
important to know if non-metallic but partly conducting
objects such as green trees, wet wood, wet wooden
roofs, etc., affect the electrostatic field sufficiently to
determine the direction of a stroke as metallic rods do.
Tests were made by placing dry wooden poles, wet
wooden poles, dry and green branches to simulate
trees, ete., under the model c¢'oud. It was found that
the green trees or the wooden poles completely wet to
ground determined the direction of the stroke in the

10 Ii
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protective ratio, and R ¢ (Ratio of cloud height to rod heiglit)

same way that metal rods did. However, when the
trees or wet wooden pieces were struck they were badly
shattered and side flashes took place. The dry pieces
had practically no effect. Thus a tall dry “building”’
was not struck but a nearby green tree of less height
was. A green tree was generally struck at the top
without appreciable effect but ‘with great explosive
damage at exit part way down under the branches.
An examination of the tree without knowledge of what
had really happened would give the impression that the
hit took place under the branches.

Since wet wood has the same effect in determining the
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direction of a stroke as metal it would appear that a
metal cover on a wooden roof would not greatly in-
crease the hazard of the tank being struck.

Electrostatic induction. . In previous investigations,
it was found impossible to obtain sparks in all-metal

TABLE 111

LIGH'TNING PROTECTION BY PARALLEL GROUND WIRKS
Cloud height = 30 in. (at storm center)

Wire ' =3 in.
| Percentage
l division
l of strokes
Cloud : -
' Height |Ratio of 14
| ——| distance to Distance | Ratio of
Distance | wire between ! ground to distance
between height wires (inside to nearest to hit
ground —_— to wire wires) wires ground to wire
wires l ratio ’ height | per cent | per cent ‘ hit-in, height
24.0" | 10:1 | 4.00:1 | 50 I 50 7.88 2.63
18.0” “ 1 3.000 10 90 7.75 258
16.5" i “ 2.75:1 5 95 8.38 2.79
15.0" s 2.50:1 5 95 7.00 2,33
13.5” @ 2.25:1 | 0 100 | .
Cloud height = 30 in. (at storm center)
Wire “ = 1.5 in.
15.0” 20:1 5.00:1 40 [$14] 4.00 2.67
13.5" “ 4.50:1 10 90 5.62 3.74
12,77 “ 4.25:1 10 90 6.00 4.0
12.0”7 “ 4.00:1 0 100
TABLE 1V

EFFECT OF CLOUD HEIGHT—ROD-HEIGHT RATIO ON AREA
PROTECTED BY RODS SYMMETRICALLY ARRANGED
AROUND A CIRCLE ON A CONDUCTING PLATE . . . .

i | Percentage
Cloud ! Division
height | | | of strokes
J (At Rod ke To ’

storm | height | Cloud- | Radius- ground:

Test | center) | —— rod rod | (insidel To
arrangement ' in. . in. ratio ! ratio ; rods) rods
Three rods 30.0 6.0 5:1 | 2,50 10 I 90
“ < [« “ “ 2.0:1 0 100
“ “ |« 3.0 | 10:1 4.0:1 5 ‘ 95
“ “ Lo« “ o 3.5:1 0 l 100
“ “ “ 2.0 15:1 | 5.0:1 50 50
“ “ l “ “ @ l 451 | 10 | 90
@ @ @ @ @ 4.0:1 0 100
“ “ L« 1.5 | 20:1 | 551 | 20 | 80
“ “ | - @ g 5.0:1 0 | 100
Four  « “ 6.0 | 5:1 | 3.0: 30 | 70
“ “ | “ “ 2.5:1 15 | 85
“ “ “ “ “ 20:1 | 0 100
“ “ 3 3.0 | 10:1 5.0:1 80 20
“ “ ’ N “ 45:1 | 10 90
“ “ “ “ « 4.0:1 0 100
“ “ “ 2.0 15:1 5.0:1 50 50
“ “ “ “ “ 4.5:1 10 | 90
= “ “ W 4.0:1 0 100
« “ L 1.5 20:1 6.0:1 30 70
“ “ “ @ @ 5.5:1 10 90
“ “ @ @ g @ 50:1 ' 0 100
Special tests using 25 cm. sphere as cloid. (No needle on sphere)
Four rods-sphere over| | | | | )
center 30.0 | 3.0 | 10:1 | 4.0:1 25 75
Sphere over center | 30.0 | 3.0 | 10:1 | 3.5:1 ;0 | 100
Four rods—Sphere off-| {
set ! /3 from center | 30.0 [ 3.0 | 10:1 | 4.0:1 0 | 100
Four rods— Sphere off- | ! i
set )5 from center 30.0 , 3.0 | 10:1 | 40:1 [ 95
Four rods—sphere off-|
set 1/ from center | 30.0 | 3.0 | 10:1 | 4.0:1 0 | 100

*Radius of circle divided by rod height.
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tanks unless there were metal parts extending in from
the outside and making poor contact with the tank.

Table VII gives the results of an investigation to de-
termine the reduction of voltage due to over-head
grounded nets or cages. It will be seen that a cage of

TABLE V
VARIATION OF PROTECTIVE RATIO OR RADIUS -1ROD RATIO,
WILIT CLOUD-HISLGH T ROD-HHSTGHT RATIO |

Ratio of
| Maxlmum Radlus
[ to Rod Height
Cloud holght |

Rod height for complete

Kods used Ratlo | protection

Four symmetrical rods 50:1 5.00:1
b “ ¢ 20:1 5.25:1

“ ‘“ “ 15:1 1.25:1

“ @ “ 10:1 4.00:]
L “ 51 { 2.25:1
Three symmetrical rods 20:1 5.00:1
K “ “ 15:1 4.25:1

“ « “ 10:1 3.75:1

“ “ “ 5:1 2.25:1

TABLE VI
AREA PROTECTED BY RODS ARRANGED ON THE AXIS OrF
AN ELLIPSE

Cloud height = 30 in. (at storm center)

Rod height 3in.
Percentage division
of strokes
To
Radius- ground
Cloud- rod

rod Ratio (Inside To

Test arrangement Ratio rods) rods
Four rods arranged on metal
plate at ends of axes of
7 x 4 ellipse. Storm center

over center of ellipse. 10:1 4.60:1 5 95

Same conditions as ahove 4.05:1 (4] 100
Same as above except storm
center moved !/ ; of distance

along major axis “ “ 20 80

Same as previous copditions “ 3.47:1 100
Same as previous conditions
except metal piece H
height of rods placed along

major axis to simulate roof “ ‘ 0 100

Same as previous test except

metal piece made '/; of

rod height. “ (4] 100
Same as previous test except

metal piece made 7/8 of rod

height. “ “ 90 10

‘T'o roof

Same as previous test except

metal piece ! ', of rod

height used. Rod spacing

also increased. « 4.05:1 25 75

(To roof)

*This "Radius-Rod Ratio’ is the ratio of (the minimum radius of those
arcs drawn from cach rod position for the given arrangement which will
Just cover the entire area within the rods) to—‘the height of the rods used

14-in. mesh reduced the induced voltages between a
model tank and ground practically to zero, while
cage of 2-in. mesh reduced induced voltage to 8 per cent
of the values without a cage.

A net of 2-in. mesh over the tank only reduced the
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TABLE VII

REDUCTION OF INDUCED VOLTAGES ON MODEL TANKS
BY MEANS OF OVERHEAD NETS OR CAGES ]

| | Actual induced
| | voltage in per cent
Size of Clearance Position | Induced of voltage induced
mesh to of voltage of unprotected
used—in. l tank—in. l mesh ‘ on tank tank
Cage or net 21 inches square
3 |No protection|  41.4 100
Y 1.0 Over top and|
around sides | o(+) 0 (-)
2 “ Over top and|
around sides 3.2 8
2 “ Around sides |
‘ only 20.7 50
2 “ |Over top only| 6.1 14.8
2 “ | @ 5.5 13.3
2 2.0 “ 5.1 12.3
2 4.0 | “ 5.9 14.3
2 8.0 | «“ 7.4 17.9
Net, 36 in. square over top only
2 1.0 1 | 2.4 l 5.8

Dia.n'Eer of tank:—17 in.
Height of tank:— 6 in.

Cloud height: —44.5 in.
Cloud voltage: —372 kv.

TABLE VIII
LIGHTNING PROTECTION OF OBLONG TANKS

Special tests with arrangement simulating a 1170-ft. x 583-ft. tank, placed on
50 ft. of sand and protected by 140-ft. rods, 110-ft. from edge of tank
Cloud height = 30 in. (at storm center)

Percentage |
+ Division
of strokes

To

| Radius l ground I

Rod height = 3 in.
| Cloud | rod
Test rod Ratio
Arrangement | ratio | L
25.0 in. x 12.5 in. l
lead foilon 1 in. of |
sand, protected by
four 3 in. rods,
2.36 in. from foil !
edges. Lead foil
ungrounded, storm |
center over mid-
dle of tank 10:1 3.32:1 |
Same as previous

test, except lead
foil grounded
Same as previous
test, except storm
center offsel 1/3
along major axis
Same as previous
test, except rods
on top of sand
were ungrounded

{

|

|

Same as previous
test, except lead
foil, as well as rods
was ungrounded |

I

l

Same as previous|
test, except rods |
and foil were
placed on top of
grounded metal |

_ plate set on sand |

“

“

(Inside To |
rods) rods | Remarks
D [ =
0 100 |
0 100 |
0 100 1
o
0 ‘ 100 Strokes to rods
were afterwards
found to have
! I fused sand be-
[ neath unground-
' ed rods
o
0 } 100 Strokes to rods
were afterwards
'| found to have
’ fused sand be-
| neath unground-
| l ed rods
| |
|
0o ' 100

*This * Radius-Rod Ratio' is the ratio of (the minimum radius of those
z?,rcs drawn from each rod position for the given arrangement which will
just cover the entire area within the rods) to (the height of the rods

used.)

‘3 rods
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voltages to about 15 per cent. The reduction was
practically the same whether the net was very near the
top of the tank or a considerable distance above. In
the last test a large 2-in. mesh net corresponding more
nearly to the size of the cloud was used. Since the
edge effect on the tank was removed in this way and the
field was practically uniform, some idea of the reduction
due to a similar net on a large tank should be given.
The voltages were reduced to about 6 per cent of
voltages in an unprotected tank. Thus nets do not
eliminate induced voltages, but very materially reduce
them. It is probable that the hazard is reduced in a
greater proportion than the reduction of voltage.

A roof of high-resistance or partly conducting ma-
terial could take as great a bound charge as a roof of
conducting material. Upon release of the charge,
however, the high resistance roof could not discharge

TABLE IX
PROTECTION OF ROUND OIL TANK FROM DIRECT
LIGHTNING STROKES, BOTH FILLED AND EMPTY, AND WITH
VARIOUS TANK COVERINGS AND GROUNDS

Diameter of pan used to simulate tank: 10 in.
Height of pan used to simulate tank 34 in.
Height of cloud needle - 30 in. (storm center)
Number of rods used 23
Height of rods used : 2in,

Distance of rods to edge of pan : 2 in.

Note: All tests were made with both 60 cycle and oscillatory lightning
generator circuits—(see A and Bon Fig. 7. See Figs. 8.9, 10 and 11.

Test No. 1—With empty pan
Conditions

Results
Al strokes were to edge of pan
All strokes were to rods
All strokes were to rods
All strokes were to rods
All strokes were to rods

No rods—no roofing

no roofinz

3 rods—dry cardboard roof

3 rods —wet cardboard roof

3 rods —wet cardboard roof (pan insulated)
Test No. 2—With pan filled with oil

No rods —no roofing

3 rods—no roofing

All strokes were to edge of pan
All strokes were to rods
3 rods—dry cardboard roof All strokes were to rods
3 rods—wet cardboard roof All strokes were to rods
3 rods—wet cardboard roof (pan insulated) All strokes were to rods

instantly. High local voltages would result and such a
roof would appear to be a hazard.

Tests on Model Tanks and Practical Applications. A
number of tests were made on model tanks. A very
complete example is i'lustrated in Figs. 10 and 11,
while the results are tabulated in Table IX. In this
test a study was made of the effect, with and without
oil, in an open and covered tank with both wet and dry
roof.

Further tests were made on models to scale of single
tanks, groups of tanks and a large farm. A few of the
arrangements are illustrated in Table X. Table VIII
gives results on the effect of ground resistance.

In applying rods to the protection of tanks one of the
factors that must be decided upon is the protective ratio
to use. By referring to Fig. 19 it will be noted that
this ratio depends upon the height of the rod and the
cloud. If it is assumed that the minimum thunder

“cloud height is 1500 ft., the cloud rod ratio is ten for a

150 ft. tower and the protective ratio, four. Weather
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TABLE X

ACTUAL LIGHTNIN

PROTEOTIVE ARRANGEMENTS FOR O1f, TANKS

Actund radius-rod Kttoctlve rndlas-

" .
|
, ’ Distunco 6f ravio rod ratio
| M. of lower tower to
Object boing ! Actual ht. minus roof newrest Lk Uslng wetinl (Using towor ht.
protected , Tank size ! of tower f he. fo wall-f1 tower i) minus root he.)
Single oblong oil tank 675 x 475 | 130 05 130 e 4.0
i Fig. 6 |
Ofl tank 583 x 1177 140 11y 110 34 L0
Three tank farm Ono oval two round | 150 107 100 2 Rh 0
Four tank farm Round and oval 150 107 150 2 85 40
Section of tank furm 105 85 60 3 24 1 K3
(four tanks) { Rig. 12
Large tank farm (thirty |
tanks) 520 ft. and 430 ft. 120 150 3.4 4.0

150

authorities usually give the cloud heights considerably
greater than the above value.

A number of layouts were made of single oval and
round tanks as well as of tank farms. (See Table X).
A height of rod was used that covered the tank with a

TYPICAL LAYQUTS

Dots ® denote Grounded Rods
Arcs show area Protected by each Rod ?

i)

®

SECTION SHOWING ROD AND ADJACENT TANK WALL

',‘ T 7~ __Protective Cone
| I =~ _All Objects to be Protected must Lie
R - jects us
h "' & =~ ~ _well under this Cone
I Level of Roof Peak =
c——Tg =g ——— =
[ TF =
B ']
Ground Level Section of Oil Tank

I = Height of Roof Peak

h=Height of Rod above Roof Peak

H = Total Rod Height

D = Distance from Rod to Inner Tank Wall
A= Protective Ratio x Height of Rod

23—Dracranmyvatic  LavourT sHowiNg ProrecTion

AGAINST DIRECT STROKES

Fia.

protective ratio of four. The height of the tallest
part of the roof akove ground was then aded to the
rod height. The method is illustrated in Fig. 6 for a
single oval tank. Fig. 23 gives the general method.
The rods were always placed at least one-half of the
rod length away from the tank. All directions of
approach were guarded against by using at least three
rods per tank. In the tests of these models a cloud
rod ratio of ten was used. The layout gave complete
protection on the models in call cases. By referring to
Table X it will be seen that the actual protective ratio
used in making the layout, neglecting the effect of the
roof, was considerably less than four and, in fact,
varied from 2.85 to 3.4. Asshown in Table V, however,
the effect of the roof is not so great as the allowance
made for it in the layouts. In any event, the actual

rod height attained seems about right for the condition
assumed. In the above, it is assumed that the top of
the rod is brought to a point.

Perhaps a more direct method would he to use a
actual protective ratio of 8 to 3.5, depending upon the
rod height, neglecting the effect of the roof when it is
less than one-quarter of the rod height.

4. MISCELLANEOUS FACTORS

It might not be out of 'pluce to mention here several
factors outside of the scope of this paper.

Any leakage of inflammable gases should be prevented
or means taken to prevent flames starting on the out-
side from going back into the tank. This would apply
to vents or to other possible leakage.

It is quite evident that the hazard is increased as the
amount of oil stored at a given place is increased. It
would thus seem desirable to reduce storage or separate
places of storage when practicable.

ELECTRICITY TRAPS IRON OUT OF
SMOKE

About 75,000 tons of iron is wasted into the air
annually in the Birmingham, Ala., iron district along
with the flue gases escaping from blast furnaces,
according to the U. S. Bureau of Mines. This loss
could be prevented by passing an electric charge
through the furnace stacks, a Bureau report says.
This process of reclaiming solid matter out of industrial
flue gases is a common one and is used in many cities
by electrie power companies to reduce the amount of
smoke from coal-burning power stations.

In the case of the blast furnaces, the particles of
escaping iron would be attracted to a plate and allowed
to fall into a hopper. By present practise the iron
particles go out into the atmosphere along with the
approximate 300,000 tons of other flue dust. This
dust is about 25 per cent iron and the 75,000 tons of
iron dust equals about 8 per cent of the whole yearly
JIron output of the Birmingham district.



Construction of the 110-Kv. Transmission Line

of the Washington Water Power Company
BY LESTER R. GAMBLE:

Associate, A. 1. E. E.

Synopsis.—This paper describes some of the features of design
and construction of the 110-kv. transmisston lines of The Wash-
inglon Water Power Compnay.

A brief outline is given of the loads served and existing inter-
connections, with other electric ulilities.

The general design of single- and double-pole circuils, covering
the alinement, the profile, and the struclure lypes, is taken up in
detail. Special reference is made to certain long span construclion
and to the construction required in heavy [rost-loading areas.

The materials used are fully described and several important
construction details are discussed. Illustrations are included,
showing the form of sag tension curves used for stringing and sag-
ging conductors.

A new type of 110-kv. fuse used in conjunction with an induction
type relay is described, the new type of fuse being used on 110-kv.
substations of relatively low capacity.

The paper is concluded with a full description of a new method of
pole preservation known as the ‘‘Cold Treater Dust Method.”

GENERAL

HE territory served by The Washington Water
TPower Company extends 200 miles in an easterly

and westerly direction from the Montana State
line through northern Idaho into the State of Washing-
ton as far west as the Cascade Mountains and 150
miles in a northerly and southerly direction from the
Canadian Border almost to the south boundary line
of Washington.

The industrial and agricultural development in the
area described has been very marked during the past
few years. In the northern and western parts of the
area, large sections of land have been utilized in the
growing of orchards. These orchards are irrigated in
most cases by electric pumping. In the west and
south is a large wheat growing section. Most of this
land is non-irrigated but the large annual production
of grain has been effective in developing a number of
thriving communities. To the east i1s the Coeur
d’Alene Mining District of northern Idaho, where
large quantities of both base and precious metals
are produced. To the north and south of the mining
districts are some of the large lumber producing areas
of the Pacific Northwest.

The power supply to the section above described is
about centrally located, so that it requires the trans-
mission of large blocks of power over distances of 100
miles or more.

In the year 1917, the first 110-kv. transmission line
was built from the Long Lake generating station, south-
westerly to Taunton. This line is 113 miles long and
was built to serve the Chicago, Milwaukee and St. Paul
Railway when their line through the Cascade Moun-
tains to the Coast was electrified. After the building
of this line, the 110-kv. transmission facilities were
rapidly extended, until now they carry power into every
section of the area served. The single line diagram
shown in Fig. 1 is the existing 110-kv. transmission

1. Assistant Electrical Engineer, Washington Water Power
Co , Spokane, Wash.

Presented ai the Pacific Coast Convention of the A. 1. . K.,
Salt Lake City, Utah, September 6-9, 1926.

system. This diagram indicates the industries served,
their power requirements and the distances of
transmission.

INTERCONNECTION WITH OTHER POWER COMPANIES

The interconnection which exists with the Puget
Sound Power & Light Company on the west and the
Montana Power Company on the east is shown also in
Fig. 1. The connection on the west is made with the
Snoqualmie plant through the Chicago, Milwaukee and
St. Paul Railway 110-kv. bus. This connection is
maintained continuously and successful operation is
accomplished. The connection on the east is made,
at the present time, through 100 miles of 60-kv.
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transmission line and a 15,000-kv-a. bank of from
110,000- to 60,000-volt transformers. Continuous
parallel operation has not been possible with this con-
nection because the transformer bank has not sufficient
capacity to take care of the large swings in power
transfer.

With the new 110-kv. line now practically completed
into the Coeur d’Alene Mining territory, a direct
connection with the Montana Power Company will be
made, as shown in Fig. 1. A study has been made of
this proposed tie and it is found that a maximum of
30,000 kw. can be transmitted. The interconnection

1255
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of the three power companies will represent an electric-
ally connected system, 550 miles in length, reaching
across the entire states of Washington, Idaho, and
half way into the state of Montana.

DEsiGN FEATURES
Voltage regulation and power loss. The voltage
regulation and power loss for various kinds and sizes of

2800
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F1g. 2—ProrILE or 110-Kv. TraNSMISSION LINE
Horizontal Configuration; 7-Strand, No. 7 Copper Conductors

conductors are determined by means of the Perrine-
Baum chart, and the economical size of conductor
calculated with due regard to corona limitations.
Where stability is a factor, it is also evaluated. All
factors established, the kind and size of conductor

SUM OF ADJACENT
EFFECTIVE SPANS FEET

110-KV. TRANSMISSION LINE Journal A. 1. I8, I3,
which will give the most desirable and economical
line is chosen. On account of corona loss in the usual
altitudes encountered, the minimum size of conductor
used is one having a diameter equivalent to seven
strands of No. 8 copper. For altitudes above 2800 ft.,
a diameter equivalent to seven strands of No. 7 copper
is specified.

Alinement and profile. The data furnished by the
survey of a line is sufficient for the drawing up of a plan
and profile. (Profile shown in Fig.2.) Theplan is drawn
to a scale of 400 ft. to the inch and the profile to a
vertica! scale of 40 feet to the inch. The sheets are of
such size as to cover about two miles of line. The
structures are located by means of celluloid sag tem-
plates made through the application of the ‘“Melvin-
Wynne Sag Tension Charts.”” The templates repre-
sent to scale the approximate catenary which the con-
ductors will take at 100 deg. fahr. and —30 deg. fahr.
The 100-deg. template represents the wires in extremely
hot weather, when they are sagged to a maximum
amount, and is used to determine the location and
heights of poles to maintain the specified ground clear-
ances. The 30-deg. template represents the conductors
in cold weather when they are sagged to a minimum

=]

0 10 20 30 40 50 60 70 80 90
DEFLECTION ANGLE IN DEGREES AMALES

F16. 3—ANGLE aAND GUY CHART rOR 7-STRAND, No. 7 CopreEr CoONDU TORS
Max. Max. sum Angles Side guy—s T Line guys ) e -
Structure | Normal actual |of efTective, |
type span span spans from to 5/16"8S. M. | 7/16”"S. M. | 5/16”S.M. 7/16”S.\1. Remarks
| - — - — — e —- [— — - c— — ——— - - — —
l | ] 0 g 1E. W 4E. W,
G 850 1350 2200 4° 30° 1 4 E. W, Dead end each way
11(S. A | 450 I 850 ‘ 1350 ‘ 0 2° 1 Angle guy
| | 1E. W | Above 650 spans
H(D. A) 850 | 1350 2200 I 2 Next to crossing str
J(S. A) 450 850 | 1350 | 0 6° 1
| ’ 6° 12° 2
J(D.A) 850 1350 ’ 2200 | 12v 18¢ 3 R
|
K 850 1350 2200 1E. W, 4 E. W,
|
6° 12° 2
12° 18° 3
L I 450 1350 2200 18°¢ 24° 4
J 24° 31° 3
| 7o 12°¢ 2
’ 12° 18° 3
M | 450 1350 2200 18* 24° 4
| 24° 37 3
l | | 37° 48° | 4
i 48° 60° 5
| |
N | 450 | 1350 2200 | 3 . 3 E. W. | See guy plan dwg. B-1665
o I ’ 1800 | 1E. W, | 6E.W. To be used only when ap-
f | ' nroved by engr. office
Assumptions: Guys.

24" clearance of conductor to structure with 60 mi. wind and no ice.
Guying to withstand tension in all conductors.
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amount. This curve is used to check up strain on any
of the poles as located.

The height and type of structure at each location is
determined by the length of span, the effective spans,
the loading conditions, the conflict with other lines and
other classesof utilities,and the degree of angle through
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M. 4+—Tyre “A" SuspeNsiON, SiNGLE-HTOLE STRUCTURE
which the line is turned. Referring to Fig. 2, a nota-
tion on the profile H-50-55 indicates an H type struc-
ture, having one pole 50 ft. long and another 55 ft.
long; D A refers to a double arm; 4% L. G. E. W.
indicates four ’g-in. guy wires each way in the line;
and 15¢ S. G. E. W. indicates one 3g-in. side guy
each way.

The proper guying for all structures is obtained from
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a chart such as shown in Fig. 3. The chart shown is
made for seven strands of No. 7 copper. The maximum
actual span as referred to in the chart is that one which
is limited because of pole strength, conductor spacing
and wind pressure. The sum of the effective spans is
that span which is limited by crossarm strength.
The chart is based on guys being placed at 45 deg. with
the structure. Where the angle is decreased, the num-
ber of guys is correspondingly increased.

Structure Types. In the development of the 110-

GAMBLE: CONSTRUCTION OF 110-KV. TRANSMISSION LINE
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kv. transmission structures, the wood pole has been
universally used. Two forms of conductor arrange-
ment are provided. One is known as the L type
configuration, which is used on single-pole lines and the

—

Fig. 6—Tvyre “E’ SEMmi-TExNsION, SINGLE-POLE STRUCTURE

other is the horizontal type of configuration used on
double-pole lines. The single-pole structures have
their application on the less important lines where

!
i

- R - ‘f.lz
Fig. 7—Type “A” SuspExsiON, SINGLE-POLE STRUCTURE,
SHOWING APPLICATION OF CONDUCTOR WEIGHTS

conductors are relatively small and where short spans
can be maintained.

There are seven types of such structures; the type 4
for normal tangent suspension, the type B for very
slight angle points, the type C and C T for semi-
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tension and dead-ends, and the types D, E and F for
large angle points.

Fig. 4 illustrates the A type of structure, Fig. 5,
the C T type of structure, and Figs. 6 and 7 show the
actual structures, Fig. 6, being one of the semi-tension
type.. The semi-tension type of structure is used quite
fextensively for the purpose of stiffening the line at
;ntervals of approximately one and one-half to two miles
in long tangents; also, at points of heavy strain, such as
at the top of a ridge where the effective spans are ex-
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cessive for the suspension structures. This structure is
also used in many instances at railroad and telephone
crossings. The primary reason for using the semi-
tension construction in place of ‘the actual dead-end is
to avoid placing insulators in strain position where they
are not electrically as good. The use of this structure
also permits of the conductors being strung through
and facilitates the maintenance of the insulators.

" YFig. 7 shows a type A suspension structure, demon-
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strating the use of conductor weights. These weights
are used where up-strain occurs in the conductor and
where the sum of the negative effective spans is less than
500 ft. Where the sum of the negative effective spans
is more than 500 ft., however, a standard, dead-end
structure is used. As a general rule, these weights are
not used, as the intention is to place structures so that

GAMBLE: CONSTRUCTION OF 110-KV. TRANSMISSION LINE
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up-strain does not occur. In the few cases in which
they are used, they have been necessary because of a
slight error in the profile which is discovered when the
conductor is installed.

The double-pole structures are used on all lines of
any considerable importance and where the size of
copper is No. 00 or larger, also where the profile is
rough and long, actual, or effective spans are necessary.
Such structures are also used on lines where heavy
ice-loading conditions are encountered. There are
eight distinet types of these structures. The H type is
used for tangent suspension structures; the G type for
dead-end structures; the J type for slight angle struc-
tures; the K type for semi-tension structures; the L,
M and N types are three-pole, angle structures; and
the O type is for especially long spans and is used also

& oM

Fic. 10—Tyre "H” DovuBLE-POLE STRUCTURE

StsrENsioN
SHOWING AppLiciTION OF CONDUCTOR WEIGHTS

in places where the effective spans are excessive. There
1s one additional structure which has no letter of desig-
nation and is known as the transportation structure.

Fig. 8 is an illustration of the type H suspension
structure. Fig.9 represents the type G dead-end struct-
ure. Fig. 10 is from a photograph of an H structure;
a slight error in profile required the installation of the
weights as shown. Figs.11and 12 are taken from photo-
graphicreproductionsof the type Gordead-end structure,

“and Figs. 13 and 14 show the three-pole structures used

in long span construction. The structure shown in F 1g.
14 1s supporting a span 2640 ft. in length. In the con-
struction of this span it was necessary to place the tele-
phone on a separate structure. The telephone circuit
insulation was equal to that used in the power conductors
so that the telephone conductor could be used as a power
wire in case of power-wire failure. The bus arrange-

ment between the two structures facilitates connections
In case of emergency.
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Figs. 11-12—TvypE “G’’ DeEap-Exp, DousLE-PoLE STRUCTURES

Fia. 13—Tyre “0”, THrEE-POLE STRUCTURE

Fig. 14—Tyre “0”, Turer-PoLe Srrucrune For Bxrua
Lona Spans

Fig. 15 shows the three-pole structure where exces-
sively high poles were required. This span crosses
the Columbia River where a 50-ft. clearance over the
water was required.

Figs. 16 and 17 show angle structures, typesNand M,
respectively.

On a very recently constructed line into the Coeur

T 2 ol -

i, 15—Tyre “0”, Turee-PoLk Strucrure For Long PoLs

d’Alene Mining territory, 1t was necessary to cross
the lower end of Coeur d’Alene Lake for a distance of
approximately hall a mile. The crossing was made
through shallow water and the structures placed on
piling. Three structures were required in the construc-
tion of this crossing. Iig. 18 illustrates the structure
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used. Figs. 19 and 20 depict the structures in the
process of erection. A 4-in. chain was used in lashing
the piling together, rather than the 5/16-in. Siemens
Martin steel strand shown on the drawing. It was
found the chain was more easily applied and did not

Fic. 16—Tyre "N”, THREE-POLE ANGLE STRUCTURE

FiG. 17—Typre “M", THREE-POLE ANGLE STRUCTURE

mutilate the piling when being pulled snug. Two
complete wraps were made and the chain fastened to
the piling by means of drift pins. The bottom of the
lake at the point of crossing was extremely soft, and
pilings 65 ft. in length were required.
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Heavy Loading Districts. In a number of localities,
the lines are subjected to an extremely heavy frost
loading. Frost measuring 8 in. in diameter and weigh-
ing 2.33 1b. to the foot has been recorded. Lines con-
structed through these frost belts are built with short
spans and double-pole structures. The conductor
is sagged excessively. Fig. 21 shows a line in a heavy

” Groond Wires
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Fic. 18—PiLE FooTINGS FOR STRUCTURES PLACED 1x MARSHY
oR Bogsy GROUND

loading area. The conductor in this line is of No. 000
copper and sagged 18 ft. at 60 deg. The span length
1s 350 ft. and the sag given is sufficient to prevent the

conductor from being over-stressed with a loading of
215 Ib. per foot of frost, and a wind load of one pound
per foot.

Clearances. The ground eclearances provided are as
follows: Over ordinary ground, spans 700 ft. or less—
27 ft.; over ordinary ground, spans more than 700 ft.—

- - -
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29 ft. Over cultivated fields—29 ft. Inside the cor-
porate limits of cities—29 ft. Clearances to guys
must be not less than 30 in. The clearances over
railroads, telephone circuits and other power lines
are such as to be within the requirements of State
Law.

Telephone Circuits. A telephone circuit is placed on

Fig. 20—PiLe Fooring SnowiNg CHAIN LasHINGS

practically all lines, the primary use of such a ecircuit
being for patrol purposes. Such .circuits however, are
used also for the transaction of other business. The
insulation is of the 13,000-volt class and the conductors
are transposed at practically every half mile. Where
balance points occur at convenient locations, sectional-
-izing switches are provided in the telephone circuit.
Also the placing of telephone booths at certain advan-
tageous points is arranged.

Power Line Transpositions. Transpositions are not
placed in the power conductors unless necessary be-
cause of interference with foreign telephone or tele-
graph lines.

Static Wires. Overhead ground wires are installed
on practically all lines to insure the service against
lightning discharges. The ground wire is also used
to give a certain degree of mechanical stability to the
line.

One ground wire is installed on single-pole lines at
the outer end of the upper crossarm. This wire is
grounded at every structure. On two-pole construction,
two ground wires are installed, one attached to each
pole; these wires are grounded, one on each alternate

structure. None of the pole-line hardware is bonded or
grounded.
MATERIALS AND CONSTRUCTION
Poles. Class B, 8-in. top, Western red cedar poles

are used for all lines. The pole butts are penetrated
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and butt-treated by the open-tank, B process. Poles
treated in this manner have been used almost exclu-
sively until very recently. ,

The poles on a new line just constructed in the
Coeur d’Alene Country were not creosoted but were
given a special treatment at the time of setting. This
treatment is discussed in the last section of this paper.

In view of inability to dig holes to an exact depth,
making it very hard to properly line up the structure,
the poles in double-pole structures are not framed
until after they are set.

Crossarms. The crossarms used on the single-pole
structures are 434 in. by 534 in. by 9 ft. and 434 in. by
534 in. by 11 ft. The crossarms for the double-pole
structures are 5 in. by 7 in. by 22 ft. The telephone
cross arms are 814 in. by 414 in. by 4 ft. 8 in. All
power conductor crossarms are provided with 48-in.
angle iron braces; the telephone crossarm, with a 28-in.
flat brace. To prevent the arms from splitting a }-in.
machine bolt is placed five inches from each end of
all ecrossarms.

Insulators. Insulators of various types consisting
of the cap-and-pin, the Jeffery DeWitt and the Hewlett
are used. For the suspension strings, six cap-and-pin
type, six Hewlett type or five Jeffery DeWitt type, are
used. For the strain positions, seven cap-and-pin
type, seven Hewlett type, or six Jeffery DeWitt type,
are used. As a general rule only the Hewlett type
insulator is used in strain.

Wires and Cables. The conductors used are stranded
medium hard-drawn copper; aluminum, steel reinforced
cable or extra high strength copper-clad cable. The
overhead ground wires are 5/16-in., Siemens Martin,
seven-strand, galvanized cable. The telephone wires

2]1—Ling ConstructioN 1IN Extra Heavy LoapiNg

Fia.

Districrs. (NoTE EXCESSIVE AMOUNT OF SAG IN CONDUCTORS)

usually consist of No. 6, high-strength, copper-clad
wire. The guy wire consists of 5/16-in., and 7/16-in.,
Siemens Martin, seven-strand, galvanized cable. The
power conductors are spliced with two copper splicing
sleeves, having two and one-half complete turns each.
The ground wire is spliced with one steel sleeve, having
threeand one-half turns. Thetelephone wiresare spliced
with two sleeves, each sleeve having three turns. At
the points of attachment to the pole the guy wires
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are provided with 4-in. by 8-in. strain plates and guy
hooks; standard three-holt clamps are used, one clamp
for 5/16-in. cable and two clamps for the 7/16-in.
cable.

Guys. Pressure treated, creosoted ties 7in.by 8in. by
4{l't. are used for anchors. The galvanized guy rods
are %1 in. by 8 ft., equipped with one 4-in. by 4-in.
square washer and two nuts. Only one 34-in. rod is
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Fig. 22—8a6-TENstoN CHART FOR 7-STrRAND, No. 7 CoPrer
CABLE

Maximum Stress in 7-Strand, No. 7 B & S Cable, 25,000 1b. per sq. in.,
(2850 1b.) at 15 deg. fahr. with N. E. 8. C. medium loading. Mlodulus
of elasticity, 16,000,000; coeflicient of expansion, 0.0000096 (Mlelvin-
Wynne Sag-Tension Chart)

used to an anchor. The maximum number of guys
in the rod is two 7/16-in. steel cable. A 1-in. thimble
1s used to take the two 7/16-in. guy wires. In certain
locations, where it is impossible to install side guys,
the poles are cross-guyed, as shown in Fig. 18. All
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Fic. 23—SaG-TeExs1oN CHART For 5/16-IN. StEMENS M ARTIN
CABLE

Maximum stress, 40,000 1lb. per sq. in., (2430 1b.) at 15 deg. fahr. with
N. E. S. C. medium loading. Modulus of elasticity, 29,000,000; coeflicient
of expansion, 0.0000064 (Thomas Sag-Tension Chart)

guy wires are protected by means of a wooden guy guard.

Stringing and Sagging. The conductors, which are
supported by suspension insulators, are strung through
snateh blocks suspended from each insulator support.
The snatch blocks have hardwood sheaves and are
designed so as to prevent injury to the conductors.
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No metal grips are used in pulling the conduetors, but a
114-in. rope snub is provided for this purpose. The
conductor is entwined through the strands of this rope
snub for a distance of four or five feet. A pull on the
end of the snub causes the rope strands to firmly grip
the wire and makes it possible to pull it into position
without injury. This rope snub is commonly termed
the “grapevine grip’’ and is very quickly applied to the
conductor.

Dynamometers are used in all cases, but they areused,
primarily, for the purpose of giving the eonductor the
initial pull, which is designated as twice the stringing
tension at 100 deg. fahr. The conductor is held at this
tension for three minutes and then slacked back to the
stringing tension. However, due to the various in-
accuracies which may oceur in the dynamometer

F16. 24—Two-PoLE STRUCTURE For SECTIONALIZING SWITCH

reading the conductor is never sagged by reading the
dynamometer. The proper sag 1s always obtained by
measurement in some convenient span in the section
pulled. By the use of thermometers and the sag-
tension charts shown in Figs. 22 and 23, the construe-
tion forces are able to sag the conductors with a con-
siderable degree of accuracy. Fig. 22 is a chart for
seven-strand, No. 7 copper and Fig. 23, a chart for 5/16-
in., Siemens Martin steel strand.

Having given the average span in the section of line
being pulled, the actual span where the sag measure-
ment is to be made and the temperature at the time of
pulling the wire, the procedure in the use of the sag-
tension charts is as follows:

Determine the tension from the curves on the left-
hand side of the chart; refer this tension to the tension
curves on the right-hand side of the chart and read the

sag for the actual span in which the sag is to be
measured.
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The ground wires are never sagged parallel to the
power wires but in accordance with the curves for the
material used. In sagging the ground wires, a special
dolly, consisting of an iron frame supporting a 34-in.
pipe roller and fitted to the top of the crossarm, is
used. The device permits the wire to run freely when
being pulled in and also avoids injury to the crossarm.

The telephone wires are always sagged parallel to the
power conductors.

SWITCHES AND SUBSTATIONS

For the purpose of sectionalizing the transgission
lines at certain convenient and advantageous points, a

Fi16. 25—FouRr-PoLE STRUCTURE FOR Mouxtixng HEavYy Tyre
SECTIONALIZING SWITCH

three-phase air break switch is usually installed. The
tvpe of structures used in mounting such switches are
shown in Figs. 24 and 25. A typical 110-kv. substation
i1s shown in Fig. 26.

At the smaller substations, oil circuit breakers are not
installed on the 110-kv. side of the transformer bank
but fuses are used.

For the 1000- and 1500-kv-a. substations, a satis-
factory medium priced 110-kv. fuse which will operate
effectively with the relay operation of the balance of the
network is not available. The desire has been to have
a fuse which will give some selectivity. Such a fuse has
been developed recently but as yet it has not been
placed in actual service. It is expected that this fuse
will be placed at one of the substations where a bank of
three 400-kv-a., 110,000- to 13,000-volt transformers
will be installed. These transformers are single-bush-
ing transformers with neutral of the Y solidly grounded.
The fuse will be of the ordinary open type, designed to
give protection from both short circuit and overload,
and, at the same time, provide a fuse wire of sufficient
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size to prevent deterioration due to corona. The fuse
is mounted on two stacks of six Jeffery DeWitt post-
type insulators. On one post is mounted a small sheet
metal cabinet, containing an induction type relay and a
suitable clip, into which one end of a micarta tube is
secured. A fuse wire of not less than 30-ampere capac-
ity is placed in the tube and secured at the opposite
insulator post by a binding screw. At the clip end,
a small heating coil, having the same impedance as the
relay circuit, is slipped over the lead fuse wire. This
heating coil is connected to the tripping circuit of the
relay. Under normal operation the main line current
passes through the fuse and relay coils to the load.
Overload protection is secured by the proper setting of
the relay which, when called upon to function, closes its
contacts, shunting part of the load current through the
heat coil and melting the fuse, thereby opening the
110-kv. circuit. The fuse is equipped with horns so
that the arc established is readily extinguished.

CoLD TREATER DUST METHOD OF POLE PRESERVATION

The poles which have been used in transmission line
construction during the past year have been treated by
the “Cold Treater Dust Method.” The dust consists
of several chemical compounds, obtained in the process
of smelting ores. These compounds have varying
degrees of solubility, some being highly soluble while
others are soluble to a much lesser degree.

The treatment is not applied to the pole before it 1s
set, but always at the time of setting. It may also be
applied around poles which have been in the ground for
any length of time. The effectiveness of the dust was
established after a series of tests covering a period of
several vears. The tests disclosed the following facts:

1. That the dust absorbs moisture from the sur-
rounding earth and becomes a putty-like mass.

2. That, in all soils except rock, the dust does not
readily leach out in the earth.

3. That the highly soluble compounds are soon dis-
solved and carried up through the outer fibers of the
wood by capillary action, and thus immediately head
off any decay.

4. That the less soluble compounds act as a storage
reservoir, keeping up the supply to the pole in sufficient
quantity to prevent decay.
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5. That very little or none of the compound is
evident in the wood below its point of application.

6. That those portions of wood impregnated with
the compound are hard and tough.

7. That the dust must be placed in actual contact
with the pole to be effective-—any dust out in the earth
around the pole is practically useless.

8. That the dust, to be effective, must be placed far
enough below the ground surface to get below that
point where decay will start.

9. That any rot on the pole at the time of applica-
tion acts as a cushion or barrier and does not allow the
compound to reach the good wood of the pols and
thereby stop further rot. '

10. That in marshy ground the treater dust is soon
dissolved and carried away by the water.

11. That in certain lines built three years ago, in
which every alternate pole was treat<d, there is at this
time no evidence of decay and that those poles in the
same line which were left untreated show one-fourth to
one-half inch of rot.

The following specifications are used in applying
the dust:

Seven pounds of treater dust are used at each pole
butt. The first application is made by placing one
pound of the dust in the bottom of the hole before the
pole is set. This is for the purpose of insuring against
any heart rot which may develop.

The second application consisting of two pounds of
the dust i1s put around the pole after the hole has been
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backfilled to approximately midway between the
bottom of the hole and a point two feet below the
ground line. A narrow groove about t4-in. wide and
one inch deep is made in the earth around the pole with
a special tamping bar and this groove is filled with the
dust. This application is made as a security against
any decay below the two (oot level. It is found that
in some territory decay will take place as far down as
six feet. The hole is then backtilled to within two feet
of the ground surface.

The third and last application 1s then made at this
point (®wo feet below the ground surface) by tamping
a groove around the pole with the same tamping bar as
previously used but with groove made two inches deep
so as to take four pounds of the dust. The hole is then
backfilled and the dirt banked solidly up around the
pole.

In marshy ground the dust is not used.

In rock holes the dust is applied in the usual manner
but dirt is mixed with the rock used in backfilling so as
to fill all erevices between the rocks and thus prevent
the sifting away of the dust.

All deadmen for guys are treated with five pounds of
the dust placed under and on top of the deadmen.

The cost of the dust ranges from three to five cents a
pound. The labor of making the application is rela-
tively small, although the pole setting crew will be
forced to lose a little time. Taking everything into
consideration the treatment will possibly cost in the
neighborhood of $1.00 per pole.

Electricity and Coal Mining

BY DANIEL HARRINGTO\!

Non-Member

HILE the far western states (Arizona, Cali-

fornia, Colorado, Idaho, Montana, New Mexico,

Oregon, Utah, Washington, and Wpyoming)
are known much more for metal mining than for coal,
their ultimate natural wealth in coalneverthelessfar ex-
ceeds that of all combined metallic resources. Govern-
ment estimates place the combined coal tonnage in
the above mentioned states as only a trifle less than
50 per cent of the total coal tonnage of the entire
United States, yet these states now produce less than
five per cent of the annual output of the United States.
Utah alone is eredited with having within its boundaries
nearly 200,000,000,000 tons of coal and to date has
‘mined less than 100,000,000 tons or about 5/100 of
one per cent, annual tonnage mined being around
5,000,000. From the above it will be seen that coal
constitutes a vital part of the resources of the West

1. Consulting Mining Engineer, Salt Lake City, Utah.
Presented at the Pacific Coast Convention of the A. 1. E. E.,
Salt Lake Cily, Utah, Sept. 6-9, 19:6.

and while water-generated electricity is a strong com-
petitor of coal, yet much of the coal mined goes to
generate electricity and on the other hand electricity
enters very actively into the mining of coal. Con-
sequently the subject of electricity and coal mining is
of decided interest to the West as well as to all of the
rest of the United States, but as it is a very broad sub-
ject, this paper will be confined chiefly to influence of
electricity at the mines rather than including the
broader subject of influence on markets.

The major underground operations in coal mining are
cutting of the coal, lighting, blasting, haulage, drainage,
and ventilation, and those on the surface are sizing,
cleaning, and loading the product. Twenty-five years
ago electricity was being utilized only in a compara-
tively minor way in the coal mines of the United States,
while up-to-date installations at the present time
are going largely if not almost entirely to electricity
for practically every one of the above mentioned
operations.
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Hand or pick mining is almost a thing of the past;
compressed air mining machines are rapidly disappear-
ing and even where used, the compressed air 1s usually of
electrical compression; the old hard-boiled solid shooting
methods are confined to “back-woods” properties;
and some form of electrically operated cutting equip-
ment (undercutters, over-cutters, shearers) 1S nNow
relied upon for wup-to-date mining or preliminary
loosening of coal.

The recent extensive experimentations in mechanizing
of coal-handling at or around coal-mine faces, involving
various kinds of loaders, conveyors and scrapers, as well
as combinations of them with or without cutting
machines, practically all depend upon electricity for
their motive power. Even where hydraulic principles
are applied or where compressed air is used in these
underground mechanical coal handling contrivances,
the pumps or compressors are almost invariably driven
by electric motors.

Most of our up-to-date coal mines use incandescent
electric lighting on main haulage roads or at hoist or
pump stations or other underground places where there
is much concentrated activity; occasionally one finds
face regions wired for electric lighting and it seems prob-
able that the new intensive systems of mining now being
tried out as above mentioned will greatly increase the
wiring of face regions for lighting purposes. At least
one-third of the 750,000 coal miners of the United
States use storage battery electric lights which are both
safer and more efficient than the open flame lights which
have caused loss of hundreds of lives and millions of
dollars worth of property in the mines of the United
States. Utah leads in that she alone of the coal pro-
ducing states has eliminated the dangerous, inefficient
open lights from coal mines and now requires that the
coal miner’s light shall be from the safe, sane, efficient
permissible electric safety lamp.

The old-time steam or compressed air hoists and
locomotives have largely given way to electrical equip-
ment, though steam-operated main hoisting plants still
give good service where located on the surface close to
steam boilers. Steam pumps underground are a rarity
except In some very old installations; compressed air
pumps are In use to some extent but here again the
tendency is strongly towards electrical equipment,
except that at some very gaseous mine faces compressed
air pumps are used, but ordinarily the air compressor is
electrically driven.

Many main fans for coal mines are steam driven and
while steam driven fans are generally preferred because
of dependability and general safety, still electrically
operated fans are coming very much into use, in fact are
rapidly displacing steam driven units. There is also a
decided tendency toward use of small electrically
driven “booster” fans underground, a policy which
appeats unsafe and unneceszary.

Blasting by electricity is by no means as nearly
universal in cdal mines as it should be, as it is much
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safer and more efficient than the older methods using
squibs or fuse. Here again the state of Utah points the
way to all other coal producing states in the Union in
that nothing but electrical blasting is allowed in her
large coal mines. Moreover, Utah has more than half
of its coal produced by mines in which all blasting is
done by electricity when all persons, including the
shot firers, are out of the mine; this system is by all odds
the safest in the world when it is accompanied by ex-
clusion of all explosives from the mine when the working
shift is in the mine and having all explosives brought
into the mine by shot firers after the regular working
shift.

In addition to these major underground activities
most of which are being handled electrically in up-to-
date coal mines, there are numerous minor operations
in which electricity takes or appears about to take the
leading role; among them are signaling systems, tele-
phones, rock dusting machines, heaters, drilling ma-
chines, as well as a host of others.

Up-to-date surface tipples or breakers which do
the coal sizing, cleaning and loading are almost wholly
driven by electricity and it is by no means unusual to
have 20 or more electric motors on an up-to-date coal
sereening plant. Box car loaders, elevators, conveyors,
car dumps, car hauls, car retarders, machine shop equip-
ment, in fact nearly every mechanical activity around
the modern tipple or coal mining plant, is electrically
driven where 25 years ago practically all of this type of
work was done by steam or hand power.

The coal mining town or camp which is not electric
lighted in offices, residences and streets is decidedly be-
hind the times and electric washing machines, electric
irons and other similar household electrical conveniences
are more generally found through coal mining camps
than in the general run of homes of the middle class in
our larger cities.

Coal mining men of the United States who have in
recent years visited foreign coal mines, especially those
of Europe, state that we are far in advance of any
foreign country in the adaptation of electricity to coal
mining; in fact, many of the every-day uses to which we
put electricity in our coal mines are prohibited by law in
some foreign countries. A commission of labor men
from Great Britain’s coal mines recently made a study
of our coal mining conditions chiefly to ascertain why
we are able to pay peak wages to our coal miners, yet
produce coal at comparatively low cost; among the
most important of their conclusions was that our
superiority in coal mine working conditions, at least as
to high wages, was due chiefly to the fact that our coal
mining companies do not hesitate to ‘“‘scrap’’ out-of-date
equipment and substitute for it up-to-date equipment
even though the first cost of doing so may be com-
paratively high. Boiled down, this means essentially
that much of the good position our coal miners occupy
as against foreign coal miners is due largely to the fact
that our coal mines have been quick to adopt and to
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adapt new, more flexible, more eflicient electrical ma-
chinery and to discard older, less eflicient, even if not
completely worn out, compressed-air or steam equip-
ment; and curiously enough many of these changes are
made with active opposition of the miners who have
thus been benefited.

While progress in the electrification of our coal mines
has been especially rapid during the past 15 years,
there remain a large number of older mines in which
electrification is only partial or has scarcely begun.
Stress of competition in these days of immense over-
production will soon force modernization (which es-
sentially means electrification), or these out-of-date
properties must close. Many of the mines electrified
10 to 15 years ago are now pretty much out of date,
and with the extra competition due to concentrated
mining, these one-time model mines will also be forced
to discard old equipment or methods such as the d-c.
installations for the newer more efficient, more flexible
alternating current now coming so much into use.
Hence it appears that notwithstanding the “slump’’ in
coal mining, there will be heavy purchases in the more
or less immediate future of large quantities of electrical
equipment for the coal mines of the United States.

Whether or not this extensive electrification of our
coal mines continues uninterruptedly depends largely
upon electrical men themselves; unless electrical men
and manufacturers of coal mining machinery which
needs electrical equipment, acquire a type of conscience
which many of them now lack, there is likely to be a
sharp reaction against use of electricity in mines which
may result in drastic state regulations against electri-
fication especially at or near working faces. With the
increased use of electricity in coal mines, there is ab-
solutely no question that there is also an increased
hazard as to explostons as well as to contact electro-
cutions. In the period from 1910 to 1924, out of 200
explosions in the coal mines of the United States, 15
explosions or 714 per cent were charged against elec-
tricity as the igniting agent; in 1924, the last year
included in the above list, of 200 explosions, 10 explo-
sions were listed and of these 5 or 50 per cent were of
electrical origin; in 1925, out of 10 known coal mine
disasters, 6 or 60 per cent were attributed to electricity
as the starter. Hence, while only 714 per cent of our
coal mine explosions during the 15-year period from
1910 to 1924 were of electrical origin, the percentage of
explosions of electrical origin jumped to 50 in 1924 and
to 60 1n 1925.

Electrical men usually resent publication of figures
of this description; they say they are overdrawn, are
inconclusive because of being fragmentary, are ‘“har-
rowing,” and so on; and the amount of “buck passing”
encountered by the coal mine safety engineer in calling
attention to dangers of electricity is remarkable in the
extreme. A manufacturer of small booster fans,
when confronted with dangers of these small fans near
coal mine faces, especially when electrically driven,
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shrugged his shoulders and said, ““I sell fans; I should
worry how they are driven.” The machinery manu-
facturer who purchases from other companies the
electric motors which operate his equipment only too
frequently washes his hands as to the degree of safety
with which the purchased electric motor may he used
underground; in other words, ‘“he should worry” also.
The manufacturer of electric motors, or of almost any
electrical equipment, seldom inquires into the safety
side of the use of the equipment in the proposed sale
and leaves that to the mine management. In general
the mine management has a purchasing agent who
seldom if ever sees the inside of the mine and who
wouldn’t be able to interpret conditions if he did see
the mine workings, and his prime conception of his
official duties 1s to purchase at minimum cost, with
possibly some attention to probable efficiency but with
seldom a thought as to safety; in fact, if the safety
situation enters into the matter and there is any sub-
stantial increase in price for the safety feature, the
purchasing agent usually rejects it because of the price
increase; and the salesman fearing loss of sale seldom
if ever presses the safety element in his higher priced
product, this being the case especially if he has also
some lower priced, less safe substitute. The man at
the mine usually gives his order in general terms, rely-
ing upon the salesman to supply the correct kind of
material or equipment.

This “vicious circle’” 1s in itself sufficient to explain
much of the increased percentage of coal mine disasters
due to electricity, but there are also other important
contributing factors:—state laws and regulations as to
electricity in coal mines are usually much out of date,
loosely worded and are now and always were entirely
inadequate; in the few instances where state laws are
even fairly sensible as to use of electricity in coal mines,
they are not enforced, as there are very few (probably
not any) state coal mine inspectors who have anything
like a sufficient knowledge of electricity to enable them
to interpret the safety of underground electrical
conditions as a prior requisite to enforcement of ade-
quate electrical regulations; company mine safety
inspectors seldom if ever are sufficiently well grounded
1n electricity to give competent advice as to safe under-
ground practise in electricity and very seldom is a
competent electrical man employed to make periodical
underground inspections as to safety in electrical
installations or safe use of electrical equipment; “white
collared” electrical engineers frequently map out elab-
orate underground electrical systems but seldom if
ever go underground to aid in correct or safe installa-
tions, or to “look things over” during operations to see
that the system is operated as designed.

In view of the fact that much electricity is being
used and will be used increasingly in coal mines, it
appears that the electrical people (engineers, manu-
facturers, and others) owe it to themselves to take the
lead in directing thought towards its sdfe use rather
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than trailing along as obliging followers of mine officials
whose knowledge of safety with electricity is frequently
nil; unless intelligent direction is given towards safety
in installation and use of electricity in the coal mines
of the United States, there is very likely to be a series
of disasters charged to electricity with consequent
definite barricade placed against further extensions.

In view of the fact that almost any kind of electric
arc may ignite either coal dust or explosive gas and start
a disaster in almost any kind of coal mine, it would
appear that all electrical appliances or equipment used
in coal mines should, in so far as feasible, be arc proof;
hence there should not be allowed to go into any coal
mine any electric motor, switch, etc., of the non-
permissible type. This appears drastic but in the final
analysis, it is logical and in time will be the rule; hence
electrical manufacturers should now be bending their
efforts towards construction of nothing but permissible
equipment or appliances for use in coal mines; and
electrical salesmen should advocate the use of nothing
but permissible equipment for all coal mines whether
gaseous or so-called non-gaseous.

Electrical men (engineers, manufacturers, salesmen)
should initiate and forward a movement looking to the
establishment of sensible safe electrical standards not
only of electrical materials, appliances, equipment, etc.,
but also of sane, safe practises and installations in mines
in the use of these electrical materials and appliances.
These standards should be specific rather than general-
ized as is so frequently found in attempted standards,
generalizations usually meaning little or nothing and
getting nobody anywhere at any time.

In view of the fact that alternating current now
is used successfully for nearly every operation in or
around coal mines with the one exception that it has
not been adapted to haulage locomotives, it would
appear that our electrical friends should “‘get busy”
and produce a practicable a-c. locomotive and thereby
eliminate the necessity for having both alternative and
direct current in nearly all of our coal mines. Possibly
the ultimate solution will be the use of storage batteries
for all underground purposes including main haulage,
thus eliminating practically all underground wiring
which would be real progress since underground power
wires are dangerous, expensive and decidedly unde-
sirable. There is said to be at least one coal mine in
the United States using storage batteries for practically
all underground power operations and some interesting
and extensive experimental work has been done by the
Phelps Dodge Corporation of Dawson, New Mexico in
the utilization of storage batteries for main haulage as
well as for mining machines, pumps, ete.

There appears to he much lack of authentic informa-
tion as to what kind of electrical current (alternatingor
direct) is the safer, voltage for voltage, amperage for
amperage; also which is the more likely to ignite
methane or coal dust in a mine. One English professor
a few years ago published a paper stating that alter-
naling current was the safer both as to contact accidents
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and as to ignitions of gas or coal dust, and the writer
has seen these statements denied yet has been unable to
secure accurate definite information. It would appear
that these matters should be cleared by publication of
experimental evidence by electrical men.

In conclusion, it seems that our coal mines are almost
certain to become much more thoroughly electrified
than they now are, and that the electrical men owe it to
themselves as well as to their customers in the coal
business to take the lead in pointing out the advisability,
in fact, the necessity, of practically complete electrifica-
tion; on the other hand, the electrical men are morally
obligated to make certain that the more intensive
electrification of our coal mines will be accompanied
by greater rather than less safety for the mines and the
employees of the mines.

NEW TYPE SINGLE SLEEVE VALVE
ENGINE

The first public announcement of what is considered
an important advance in automotive engineering was
made November 15 at the monthly meeting of the
Metropolitan Section of the Society of Automotive
Engineers. At this meeting was described a single
sleeve valve engine which has been in course of develop-
ment for nearly two years.

Such parts as the crankshaft, connectingrods, piston,
and spark plugs are of the design used in the con-
ventional poppet valve engine, but the cam shaft and
valve gear are replaced by a single valve of tubular
form in the new design. Ports are cut at the upper
end of this sleeve and in the cvlinder, the sleeve being
moved up and down and partly turned at the same time
so that exhaust and intake manifolds are properly
connected to the cylinder.

Lubrication for the sleeve valve engine is made
possible by the characteristic twisting movement of the
sleeve valve which causes the oil to be rolled evenly
over the entire sleeve surface.

Operating efficiency, good power output and silence
in operation were given as the chief advantages of a
single sleeve valve engine. A test was made on a Six-
cylinder engine of this type, run for 1000 hours at full
load. At the end, the gears ran as quietly as at the
start and on dismantling the engine the maximum wear
on the piston skirt was only one-thousandth of an inch,
while the wear on the outside diameter of the sleeve was
undiscernible. The power output was gradually built
up during the first 100 hours until it reached 44 b. h. p.,
after which it remained constant until the test was
completed. Silence in operation is achieved by avoid-
ing the hammer and anvil blows of the poppet valve,
and it is partly due to the fact that the valve actuating
mechanism does not extend outside of the engine body.
About 50 1b. weight can be saved by substituting a
single sleeve valve engine of average bore with an
aluminum casing for a poppet valve engine with a
conventional cast iron construction.




Controlling Insulation Difficulties in the Vicinity
of Great Salt Lake

BY B. [ TTOWARD:

Membor, A | K.}

Synopsis.— The difficulties encountered tn  mainlaining a
sufficiently high degree of line insulation on long communieatson
curcurls in the vievnity of Great Salt Lake, Ulah, are dealt wilh in
this paper and a review of the study and solution of the problem of
controlling the ingulation is made.

Leading up to this ss a description of observations on abowut
40 mi. of line over @ part of the Great Salt Lake Desert
known as the mud flats west of the Lake. The description

N 1913, when it had been decided to construct a
transcontinental telephone line in order to connect
Atlantic and Pacific coast points, a warning was

given by other wire-using companies of difficulties
which would be encountered in the Great Salt Lake
Desert, owing to very low insulation of the lines under
certain weather conditions. These companies were in
the communication business and possessed lines which
passed through the section.

At certain times, they had experienced complete
failure of telegraph lines in that vicinity, due to this
low insulation, particularly when heavy fogs prevailed.
It was very important to the success of the trans-
continental telephone lines that the insulation should be
controlled and prevented from falling below a certain
minimum. This was particularly true because at that
time the most practical way of giving very long distance
service was by means of ‘loaded” -ecircuits. This
required high insulation at all times, for if it fell
below a certain hmit, the qualities of the line for con-
veying speech would be even worse than had it not
been loaded at all.

For a long time these insulation ‘conditions had ex-
isted on lines which had been strung over the mud
flats west of Salt Lake. There was evidence that there
were siretches of line on the route north of the Lake
(oneof the two routesunder consideration) which showed
insulation conditions similar to those on the lines situ-
ated upon the mud flats. Thesestretches onthenorth-
ern route, however, could be avoided by building
the lines around them, whereas, in the case of the
southern route, it was impossible to avoid crossing the
mud flats and salt beds.

It may be well to give here a deseription of the mud
flats and salt beds which have been known for some time
as the Great Salt Lake desert. This desert is com-
prised of an old lake bed probably many hundreds of
feet deep consisting of a deep valley filled with mud. It

1. Eleetrical Engineer, The Mountain States Telephone and
Telegraph Company, Denver, Colo.

Presented at the Pacific Coast Convention of the A. 1. E. E.,
Salt Lake City, Utah, September, 6-9, 1926.

also ecovers observaliviis on  olher linea  nort) the lake

The ohjeet of these sludies was lo uscerlan the vuriatlions in the
line insulation coused by differesd weather und fewperature con-
ditions in each of these routes. 11 wus necessary also lo determine
whieh roule would be belter for constructing the cendral travscondinens
tal communication circuils which were ubout to be bicdt at thut
time for crlending service la proi wle lelephone conneclion belween

notnts on the Atlantic and Pacific coast:

is known with certainty to be over 400 ft., for a chem-
ical company put a drill down at a place where the sur-
face is covered by a large hed of salt and passed through
eight t. of this, 200 ft. of mud, 30 It. of solid salt, and
another 200 ft. of mud. Drilling was stopped at this
point, and it is not definitely known what is below.

The salt-bed surface is about eight mi. wide and
20 mi. long, and varies from a few inches to eight
ft. in thickness. The mud flats, as they are called,
are covered with a salty crust which, in the dry season, is
capable of carrying the weight of a horse and has even
carried a tractor; but when a hole is broken through this
crust, it will rapidly f{ill with salt water. The mud
becomes softer with the depth; where the surface was
wet the author has pushed a hroom handle down into
the mud with ease. The melting snow and rains
from the mountains run into these flats, and the
surface water, which varies from one in. to several
inches in depth, is blown for miles by the wind. Fre-
quently an area that has been covered with water one
day will be dry the next for miles, owing to the removal
of the water by the wind to a distance of several miles
during the night. To say the surface is dry is hardly
correct, since except at that time of the year when a
salty crust forms it is impossible to walk upon the sur-
face without splashing the mud in all directions.

After storms, salt is sometimes found upon the win-
dows of houses 15 mi. from the Lake in Salt Lake City,
where salt-laden moisture has been deposited upon the
glass. Telephone leads in the vicinity of Salt Lake
City have had their insulation considerably lowered on
account of salt and alkali dust being blown upon them.

The track of the Western Pacific Railroad and the
lines of two telegraph companies and at the present
time the transcontinental telephone lines all pass
across this desert. It is understood that the railroad
company when building their road laid a floor of planks
on the mud and put a gravel bed upon this. In some
places, it is necessary to protect this roadway from the
action of the drifting water by filling it in with rock.

Investigations made showed that the salt is blown
upon the insulators during storms and splashed by the
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action of rain. This salt forms a crust on the surface,
and when this takes place on the interior of the
insulators, the insulation of the lines is materially
reduced. During fogs which are very prevalent at
certain seasons of the year this salt becomes
wet and the insulation resistance falls rapidly to a
very low value. At such times it has been observed
to fall to values as low as 0.09 megohms per mi.

The effect of freezing is interesting. During the
tests which were made for the purpose of investigating
this subject, it was observed that at sunrise, after
sufficient time has elapsed for the insulator coating to
thaw, the insulation would drop materially; and then, as
the warmth of the sun evaporated the moisture, the
insulation would rise again. In one case when the
insulation fell to 0.5 megohms per mi. between wires and
ground the wind in one hour dried it so that the in-
sulation returned to 4600 megohms per mi.

The southern route known as the Western Pacific
Route appeared to be the better for these transconti-
nental telephone lines when all things were considered,
provided the insulation difficulties could be overcome.
It had several points of advantage over the northern
route. For example:

1. It would shorten the mileage considerably.

2. Less cable would be introduced.

3. A considerably less amount of interference from
foreign circuits would be felt.

4. In addition, by shortening the route, there
would be less cost for construction and maintenance.

There were favorable climatic conditions on this
route from a point of construction and maintenance,and
also it was along a through-line of railway which was
kept open at all times of the yvear. The Lincoln High-
way, which was not built at that time, was under
consideration and quite likely to be constructed by the
side of the railroad tracks which passed over the mud
flats. This highway has since been built as expected.

The experience of one of those who had given warning
of the difficulties which had been encounfered in
maintaining satisfactory insulation of lines had
extended over thirty to thirty-five years. It was
therefore decided to make a series of tests in order to
find out the cause and, if possible, the remedy for the
falling insulation. It was known that this trouble
was usually nocticed during January, February, and
March of each year and chiefly during the night
hours. Consequently in January 1914 an investiga-
tion was launched on an experimental basis. The
lines chosen for this were those already existing north
of the Lake and others to be specially built over the mud
flats west of the Lake. The test stations chosen were
Kelton in the first case and Arinosa in the second.

The preliminary tests showed how very important it
was to have all glass insulators well washed and cleaned
before being put in place on the poles. If this were
not done, differences of about fifty per cent were
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observed between the insulations of one line and an-
other which was of similar character.

The observations made were carried out during
January, February, and March of 1914, and a series of
observations was made and recorded every three hours
throughout the twenty-four hours of each day. These
comprised insulation tests between wires and between
wires and ground, hygrometric, thermometric and baro-
metric observations; and the dew points were calculated.

The charts, Figs. 1 and 2, show typical values of in-
sulation resistance measured between wires and ground
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A—Copper circuits—Arinosa to Wendover
B—Iron circuits—Arinosa to Wendover
C—Copper circuits—Arinosa to Knolls
D—Iron circuits—Arinosa to Knolls

upon various circuits under different conditions of
temperature and weather. These show clearly the
value of having the insulators clean. It was ob-
served thatiron-wirelines have a relatively lower insula-
tion than those of copper under ordinary conditions.
It is thought that this is due to metallic salts, such as
chloride of zinc and iron, or oxides of the latter,
being washed onto the arms and the outer surface of the
insulators by rain and the action of dripping. The
insides of the insulators probably receive these deposits
by the action of rain splashing the salts when it strikes
the arms around the insulators. These salts when
deposited upon the surfaces of the insulators cause
leakage which is very marked in damp and foggy
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weather. As the inside surface of an insulator plays a
very important part in its proper functioning, this
seems Lo teach that these surfaces should be as clean
as possible at the time of installation. Careless han-
dling and lack of this precaution will often cause un-
equal leakage on the two sides of a cireuit.

The result of this study brought out the following:

That the liability of the insulation of the lines Lo
fall to a dangerously low value was about as great on the
route north of the lake as on the southern route west
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A—Experimental circuit—No. 8, B. W. G. Copper wires strung upon clean

insulators
B—210-1b. copper wires
C—Iron wire, No. 118 Strung upon insulators that had been
E—Iron wires, No. 19 & No. 1 in place for some time
D-—No. § B. W. G. Copper wire

of the lake, and that the solution of the problem of
preventing these reductions in insulation was to remove
the salt from time to time by washing the insulators.
It was therefore decided that this would have to be
done in the case of either of the routes under
consideration.

It was further decided that, all things being con-
sidered, the best engineering solution was to build the
transcontinental telephone line which passes through
Salt Lake City over a route south of Great Salt Lake.
This route, after bending in a northwesterly direction,
proceeds westward over the mud flats to the Nevada
line and so on towards San Francisco. A portion of
this line crosses eight mi. of solid salt and 34 mi.
of mud flats, besides a stretch immediately south of
the lake which is open to receiving a deposit of salt
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upon the insulators as it is exposed to storms which
blow from the lake.

The transcontinental telephone pole line as con-
structed on the mud flats consists of 20-ft. by 7-in. Wes-
tern Cedar poles with 176-ft. spans. The guying on this
part of the line is done in all four directions every
mile with side guying both ways half-way hetween.
The line crosses the Salt Lake Desert between Clive
and Wendover. At locations where the loading coils
were placed on the poles, cross pleces were fitted to
prevent the poles sinking in the mud owing to the
extra weight they had to carry.

It may be interesting to note that it has not heen
found necessary to apply any preservative to the
wooden poles which are set in the mud because of
impregnation with salt in solution which preserves
the wood to a remarkable extent.

The problem of washing the insulators was a some-
what serious one because, if it were necessary to take
the insulators down, it would mean interruption to
service and damage to the conductors by undoing and
retying the tie wires, and this would be a long and ex-
pensive process. The author therefore devised a method
by which the insulators could be successfully washed
from time to time without climbing the poles or un-
tying the wires. This method consists in spraying the
insulators with saturated steam or finely divided hot-
water spray. Of course the recognized aging action
of steam on glass surfaces might make it undesirable
toadopt generally sucii a method for cleaning insulators,
but under the unusual conditions prevailing in this case
the method described seemed justified.

The steam is applied through a nozzle at the end of a

Fie. 3-—WasHiNG INSULATORS WITH STEAM

fishing-rod device which is held under the insulator
to be cleaned. The steam is generated in a portable
boiler which is heated by an oil fire; see Fig. 3. The
temperature 1s automatically governed so that the
steam is kept at about 70- to 90-1b. pressure per sq. in,
When an insulator is to be washed, after the nozzle
has been placed in position, a valve is opened and the
steam forces the water out of the boiler through a pipe
leading to the nozzle, and it passes out in the form of a
finely divided spray or wet steam. An automatic
arrangement of pumps supplies water to the boiler
to replace that which is used.

It is advisable to mention that in this location
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economy in the use of water is important, as water s
a large item in expense; therefore, the time necessary
to wash an insulator has been carefully ascertained
as 30 sec. All fresh water has to be carried out to
the machine from a considerable distance. It is brought
by the railroad, distributed at intervals along the line,
and then rolled out in barrels across the mud flats.
During the time when an indalator is being washed,
no appreciable disturbance has been noticed in the
service taking place over the lines. The rapidity
with which salt or alkali dust, both of which are of a
stubborn nature, is removed by the steam is astonishing.

Fic. 4 Porr witn Sar Woob SeLiT BY ACTION OF SaLT

To give an illustration, a broken glass insulator
encrusted with salt to the thickness of half an inch
was subjected to the spray and in less than a minute
after the steam was applied, the glass was completely
cleaned.

The steam washing plant is built with wide metal
tires and is pulled sometimes by horses and at other
times by a Ford car which is also equipped with wide
tires. These are fitted on the usual type of demount-
able rims so that it is easy to change quickly to rubber
tires when necessary. Many miles of the mud have
been found so soft that it was necessary to lav planks
in order to keep the car and the steam-generating plant
from sinking. These planks were taken up after the
machines had passed over them and relaid in front.

It has been found necessary to wash the insulators
at least once every two years but the frequency,
of course, is governed by conditions of salt deposit.
When the insulation resistance is found to drop to a
predetermined amount, it is time to arrange for a
washing of the line. While this is in process, the im-
provement in the insulation of the wires may be observed
as the washing proceeds.

The following example of some insulation measure-
ments made in 1923 between a wire and ground shows
the effect of washing the insulators.

INSULATION IN MEGOHMS PER MILE
Mareh October

32.3 637.0

June

101.6

January August

68.2

oy
I X

11

When the insulation had fallen to so low a level in
January, when dry, it was decided to wash theinsulators

S
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as soon as conditions on the mud flats would permit,
since in wet weather it would go to about 0.5 meg-
ohms per mi. Accordingly they were washed after
August. The table shows how the insulation rose
from 68.2 megohms per mi. to 637.0 after the washing.
Both of these months were comparatively dry months.

The cost of washing the insulators on the mud
flats ranges between $500 and $£700, according to pre-
vailing conditions.

The accompanying illustration, Fig. 4, shows the
action of the salt upon the poles above the ground line.
This, at first sight, appears to be rather alarming but
it has been observed that the rending action of the
salt, which takes place as it erystallizes, affects the sap-
wood only. On poles which are formed by splitting
trees into quarters, only the sapwood which exists
on one of the three sides seems to be affected in this
manner.

Once since the line was built a rather peculiar ex-
perience was recorded. This was at a time when
rain had fallen in quantity and was upon the surface
of the salt solution on the flats. This was followed by
a heavy frost and ice formed in thick layers. The
wind broke this into floes, which were forced against
the poles and did considerable damage by abrasion.
Fig. 5 shows a pole damaged in this way.

The telephone line was built at a distance of 1000
ft. from the railroad. The reason for this was because
the engines burn oil as fuel, and a deposit from the
products of combustion would form upon the insulators
if the line were close to the railroad.

The difficulties of constructing this line can be realized
from the description which has been given. Mud
boats were used to convey material. The insulators
were carefully washed close to the railroad and before

e
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they were carried out to be placed in position, each was
placed in a paper bag in order to prevent it being
splashed with mud while being carried out to the line
over the mud flats.

Those in charge of maintenance of lines carrying
electrie energy, be it either for power or communication
purposes, may well consider the advisability of cleaning
the insulators from time to time in sections in which
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they are exposed to receiving a deposit of such sub-
stances as tend to lower the insulating qualities of
the lines.

After an experience extending over more than
twelve years with these transcontinental lines, it is
gratifying to find that that portion which passes over
the mud flats of the Great Salt Lake Desert is perhaps
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more free from disturbance due to weather conditions
than any other part of this lead which connects the
Atlantic and Pacific Coasts. If, however, the insula-
tion of this portion were not kept at a high standard at
all times by periodically washing off the aceumulation
of salts from the insulators, this would doubtless be the
worst section from an insulation viewpoint.

Research Relations Between Colleges and
Industry

BY A A.

POTTER:!

Non-Member

Synopsis.—The engineering colleges of the U. 8. A. are expend-
wng aboul one million dollars per year for research of direct value to
industry. The organized research departmenls or engineering
experiment sltalions of many slale supported engineering colleges ure
cooperaling wilth industry in a varielty of projects. In several
instilulions Lhe amounts appropriated by the cooperaling agencies
are large, bul the lotal funds expended for engineering
research in colleges s less than onc-thirtieth of the amount

BOUT forty American engineering colleges are

now carrying on organized engineering research.

In about nine institutions the funds for this pur-
pose come partly or entirely from state appropriations
and these state grants for research have amounted to a
total of about $128,000 during the year 1924-25.
During the same year about twenty institutions have
set aside a total of approximately $451,000 in their
engineering college budgets for engineering research.
During 1924-25 fifteen engineering colleges received
through cooperative relations with industry over
$500,000 for research. Thus the total annual expendi-
ture by the engineering colleges for research is about
one million dollars, or, roughly speaking, one-thirtieth
of the amount spent by these colleges for undergraduate
instruction, not including interest on educational
plants or depreciation.

The following summary is intended to show the
variety of projects which are being carried on in
cooperation with industry by engineering colleges which
have organized Engineering Experiment Stations or
Departments of Engineering Research:

1. - The Cornell University Engineering Experiment
Station has cooperated with industries for a number of
years in research projects of considerable magnitude.
No data are available as to details.

2. The Engineering Experiment Station of the
University of Illinois has been cooperating with industry
in the following projects:

1. Dean of the Schools of Engineering and Director of Engi-
neering Experiment Station, Purdue University, Lafayette, Ind.

Presented at the A. I. E. E. Regional Meeting of District No. 6,
Madison, Wis., May 6-7, 1926.

spent by these institulions for wundergraduale tnstruction.

While the resulls of cooperalive research are diveclly of value (o
industry, the by-product of such research rclations is a supply of
scientifically lrained rescarch engincers.

Industry has a clear cut obligalion Lo support engineering research
al colleges in order Lo tmprove the qualily of Lhe college (raining, lo
advance basic knowledge in engineering and lo increase Lthe supply of
trained personnel.

a. The Austin Manufacturing Company contributes
$1200 each year for a period of two years from February
1, 1925, to pay the stipend of two research groduate
assistants in highway engineering. One assistant 1s
making a study of the maintenance of earth roads; the
other assistant 1s investigating the mainienance of gravel
roads.

b. Investigation of the Fatigue Phenomena of Melals
18 carried on tn cooperation with the Engineering Division
of the National Research Council, the Engineering
Foundation, the General Electric Company, the Allis-
Chalmers Manufacturing Company, the Copper and
Brass Association, and the Western Electric Company.
This wnvestigation has been in progress since November
1919, the amount appropriated each year approximating
$15,000.

c. An investigation of the Fatique of Steel Castings
has been carried on in cooperation with the American
steel foundries since the spring of 1925. The amount
contributed by the American steel foundries is $2000.

d. In cooperation with the National Warm Air
Heating and Ventilating Association, an investigation of
warm aiwr furnaces and heating systems has been carried
on since October 1918.  The activities of this investigation
were expanded last year by the addition of the Warm Air
Heating Residence valued at $22,800. The annual
expenses of the investigation average $8000.

e. The Illinois Gus Assoctation furnishes $1200 each
year for the maintenance of two research graduate assis-
tants 1n Gas Engineering. These assistants have been
maintained since 1916.

f. An investigation of plumbing is carried on in
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cooperation with the Illinots Master Plumbers Association
for which an appropriation of $1800 ts made annually.
It has been in progress since April 1925.

g. The Department of Railway Engineering cooperales
with the Illinois Central Railway in an investigation of
ratlway signaling.

k. The University of Illinois Engineering Expervment
Station is also cooperoting with a committee which repre-
sents siz stote public utilities in studies of direct value to the
utilities of the mation. Appropriation by cooperating
agency 1s $25,000 per year for two years.

i. It hus also cooperated with the American Gas
Association in a study of the steaming of horizontal gas
retorts; with the Illinots Central Railroad in research on
ratlwoy signal equipment, and with several railway
companies in investigations of rail joints and special
raslway equipment. It is carrying on tn cooperation with
the American Railway Engineering Association studies
of large steel rollers.

7. In Mqy 1925, the University of Illinois Engineering
Experiment Station has reported to the New York State
ond New Jersey Interstate Bridge and Tunnel Com-
missions on ventilotion tests for use in the comstruction
of the Hudson River Vehicular Tunnel. The amount
approprivted for this work was between $40,000 and
$50,000 and the investigation required about four years
for its completion.

k. The Umwversity of Illinois Engineering Expert-
ment Station s conducting a cooperative investigation
with the United Stotes Bureau of Public Roads to secure
dota on the factors affecting the design of drainage ditches
and the improvement of natural channels to minimize the
damage from floods. This' investigation was started
in 1925 and the U. S. Government furnishes one man on
Sfull tvme.

3. The Engineering Experiment Station of the
Iowa State College has carried on investigations
dealing with the following subjects:

a. Culvert Pipe. In cooperation with a jornt com-
mattee of the American Concrete Institute, Americon
Associatron of State Highway Officials, American Railway
Engineering Association, American Soctely for Testing
Materials, American Concrete Pipe Associalion, and
American Society of Ciwvnil Engineers. For a number of
years about $6000 amnually has been spent on this
muestigalion.

h. Strength of Clay Sewer Pipe incased in different
thickness of concrete. In cooperation with the Clay
Products Assoctotion which 18 paying about $550 for
tests of 2/-an. pipe.

c. The Iowa Slate College Engineering Experiment
Station has been investigating the strength and loading of
highwoy culverts, tractive resislance and fuel consumplion
of motor vehicles on various types of highway surfaces,
and highway bridge impact.  The U. S. Bureau of Public
Roads has cooperaled in these projects since April 1922
with the following expenditures: 1921-22—$1,571; 1922-
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23—$8,216; 1923-2,—$10,797 ; 1924-25—321,462; 1925-
26—37000.

4, The Engineering Experiment Station of the
Kansas State Agricultural College has cooperated with
industry in the following investigations:

a. Tests of automatic ventilators.
tilators donated about $400).

b. Tests of oil burners for house heating, in coopera-
tion with manufacturers of burners. (Value of equip-
ment donated for tests about $200). '

c. For about four years the Kansas State Agricultural
College Engineering Expertment Station has been studying
air resistance to movement of motor vehicles. (Contribu-
tion by U. S. Bureau of Public Roads to date about
$15,000).

5. For a number of years the University of Kansas
Engineering Experiment Station has cooperated also
with industry in research. These include studies of
Kansas coal (in cooperation with the coal producers)
and several special projects which are supported by the
Chambers of Commerce of the cities of Kansas.

6. The Technology Plan which was put into practise
by the Massachusetts Institute of Technology in 1919
is a cooperative arrangement whereby industrial con-
cerns seeking aid in scientific and engineering research
may pay the Institute stated sums of money as retainer
fees for a period of five years, in return for which they
have at their disposal, with certain limitations, the
research staff and facilities of M. I. T. The services
supplied by M. I. T. in connection with this plan
include:

a. Personnel records of M. I. T. alumni available
for the purpose of assisting contractors in locating de-
sirable men.

b. The libraries of M. I. T. open to the representatives
of contractors.

c. Arrangements made for representatives of contrac-
tors to consull with members of M. I. T. staff.

d. Advice given by M. I. T. to contractors for the
solving of special problems or the carrying out of tests.
(In such cases as call for work in M. I. T. laboratories by
members of the staff, the contractor is expected to pay such
sums as are mutually agreed between him and the staff.
The overhead varies with the nature of the service but the
averaqge 1s about fifty per cent).

The Division of Industrial Cooperation and Research
which administers the Technology Plan, acts as a clear-
ing house whereby the questions of the contractors
may be discussed, planned for and attacked in a prompt
and eflicient manner,

Professor Charles 1. Norton, the Director of the
M. I. T. Division of Industrial Cooperation and Re-
search, states that it is very difficult to make even a
rough estimate of the amount of money which has
been spent on industrial research at M. I."T. He
helieves, however, that this has been in excess of
$175,000 annually.

7. The Department of Iingineering Research of the

(Value of ven-
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University of Michigan reports an expenditure of over
$50,000 per year for cooperative engineering research.
Among the major projects are included:

a. Natural sllumination. (Study s in the third
year).

b.  Single-phase and fractional horse power motors.
(Two years’ work have been devoted to these projects).

¢.  Natural ventilation. (Project 1s in ils third year).

d.. Cutting of metals. (This study, in cooperation
with Muchigan Manufacturers, has been carried on for
three years).

e. Admiralty and Muntz metals. (Investigation has
conttnued for two years and involves the properties of
these metals at high temperatures).

f. Development of a machine for automatically testing
bearings for motse. (This has continued for over two
years with results of great value to industry).

g. Boiler feed water treatment.

h. Studies of charcoal iron.

1. Refrigerating media.

8. The Minnesota Engineering Experiment Station
reports the following cooperative projects with
industries:

a. Transmission of heat through building materials
in cooperation with the Flaxlinum Insulating Company.
(Contribution by cooperating agency $1750 per year for
two years.)

b. Investigation of rotary pumps for wiscous otls
in cooperation with the Northern Fire Apparatus
Company. (Appropriation by cooperating agency $750
per year).

c. Behavior of asphalt under temperature variation
in cooperation with McLaughlin and Sons. (Contribu-
tton $500).

9. The University of Missouri Engineering Experi-
ment Station is cooperating with industry in the
following manner:

a. The National Lime Assoctation has furnished
$3000 during a period of eighteen months for a study of
the effect of lime products on dirt roads.

b. The Southeastern Maissourt Sunflower Growers
Association has furnished material for studies of commer-
ctal uses of sunflower ouls. R

¢. The Radium Company of Colorado, the U. S.
Radium Corporation and the Keystone Metals Reproduc-
tion Company have cooperated in an investigation of
processes for the extraction of radium from carnotite ores.

10. The Ohio State University Engineering Experi-
ment Station, beside the cooperative investigations
with the ceramic industry (which it has practically
created) is at present studying:

a. The betterment and the gasification properties
of Ohio coals tn cooperation with the Southern Ohio Coal
Association, Ohio Ol Gas M en’s Assoctation, American
Gas Association and the Southern Ohio Pig Iron and Coal
Association. Contribution by cooperating — agencies

$10,000 for two years.
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Ohio, has been

11. "The University of Cincinnatli,
carrying on the following studies:

a. Cooperation for aboul four years wilh the Tanner's
Council of America in research of @ [ undamental character
and of direct value Lo the leather manufacturers.

b. Lithographic research of a basic character, slarted
March 1, 1925, in cooperalion wilh the 1athographic
Foundalion.

¢. In cooperation with the Civic Commercial Club
and the Union Gas and Eleciric Company of Cincinnalz,
studying the sub-surface resources of Cincinnals, Ohio.

12. The North Carolina Engineering Experiment
Station reports tests of the strength of poles for the
Carolina Light and Power Company. Public Utility
is furnishing poles valued at about $3500.

13. The Pennsylvania State College Engineering
Experiment Station is studying the following problems:

a. In cooperation with evaht Penmsylvania manu-
facturers, it s atlacking problems of cold storage. (Ap-
propriation $800).

b. In cooperaiton with the Pemnsylvania Railroad
an investigation is betng made of refrigeralor cars.

c. In cooperation with the U. S. Navy and with
several private parties, « study of inlernal combustion
engines 1s being carried on. (Contributions in matertals
and apparatus to date are valued at about $11,000).

d. In cooperation with the American Soctety of
Heating and Ventilating Engineers an investigation is being
carried on dealing with heat transmission. (Contribution
$500).

e. The Pennsylvania State Colleye Engincering Ex-
pertment Staiton s cooperating with the U. S. Bureau
of Mines wn wnvestigations of explosiveness of flour mill
and elevator dusts.

14. The Engineering Experiment Station of Purdue
University is studying:

a. The causes and prevention of discoloration of
Indiana limestone; in cooperation with the Indiana
Lamestone Quarrymen’s Association (Appropriation by
cooperative agency $4000 per year, plus materials valued
at about 3500 per year). Project has continued for two
years and appropriation was renewed for the third year,
effective April 1, 1926.

b. In cooperation with the Automotive Industry
tnvestigations of automobile carbureters, manifolds, spark
plugs, pistons, piston rings and culinders; also special
problems of steering, detonation, supercharging, fuels, etc.
(Contribution by cooperating agencies equipment (mainly),
fuel oils, and about $3500 for special assistance.

c. Standardization of Tractors in cooperation with
tractor manufacturers and U. S. War Department.
Contribution by cooperating agency equipment (mainly),
fuel, otl and $1200 for special assistance.

d. Study of tnsulators for high voltages (up to 600,000
volts) wn cooperation with manufacturers of insulators.

e. Tests of brake shoes, pulleys, insulators, materials
of construction and a variety of devices for industry.
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(Income from such commercial tests has varted from $3000
to $6000 per year for a number of years).

f.  Celite as an insulating material in cooperation with
the Celite Products Company. (Fellowship $1000 per
year for one year).

g. It 1is cooperating with the mining interests of
Indiana in a study of the steaming qualities of I ndiana
coal and in connection with methods for the improvement
of its quality.

h. Investigations in cooperation with the Indiana
Sand and Gravel Association.

i. The Purdue University Engineering Experiment
Station s cooperating with the American Railway
Association in an investigation of power brakes and power-
brake appliances. This study was undertaken on March
1, 1925. The amount expended by the cooperating agency
from March 1, 1925 to April 1, 1926 has been tn excess of
$100,000. This tnvestigation will involve an additional
expenditure of about half a million dollars before it 18
completed.

j. The Purdue Engineering Experiment Station ts
also cooperating with the ratlroads in studies of brake
shoes, rail joints, and special railway equipment. |

k. The American Railway Association has contracted
to start a cooperative study of draft gears at Purdue
University. The machine to be used in these studies will
consist of a drop testing machine using a 27,000-1b weight.

I. It is cooperating with the telephone utilities in
investigation of buried load cables and with electric light
and power utilities in studies of high-voltage tnsulators,
electric meters and in the emergency braking of electric
cars.

m. The Purdue University Engineering Experiment
Station in cooperation with the U. S. Bureau of Public
Roads is studying the effect of moisture on the strength of
concrete and on the warping of concrete road slabs, the
effect of small amounts of reinforcing in preserving the
surface of concrete against cracks, the fatigue of concrete,
and a new test for surface hardness of concrete measured
by the tmpression of a standard steel ball. These studies
have continued for about four years, the U. S. Bureau
of Public Roads furnishing two men on full time.

15. The University of Tennessee Engineering Ex-
periment Station is cooperating with the following
units:

a. The American Limestone Company, in an examina-
tton of a special grade of limestone as a basis for concrete.
(Contribution by cooperating agency $600).

b. The Southern Appalachian Coal Operators Asso-
ciation has contributed $1500 toward a study of the proper-
tres of Kentucky and Tennessee coals.

16. The State College of Washington is cooperating
with the State Automobile Association in the study of
the relation of road surfaces to automobile tire wear.

' 17, The University of Washington hasbeen cooperat-
ing with local industries in studies of centrifugal
blowers, heat treatment of cement, intakes for high
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velocity flumes, flow of water in concrete and vitrified
clay sewer pipe, and coal washing problems.

$160,000 has been provided to the University of
Washington by outside sources during the past three
years for investigations on the K-B propeller.

18. West Virginia University is cooperating with the
Gasoline Recovery Corporation in a study of absorption
materials for the recovery of gasoline.

19. The Engineering Experiment Station of the
University of Wisconsin has the following projects in
cooperation with industry:

a. The study of pipe bend losses in cooperation with
the Vilter Manufacturing Company and Crane Company
who have furnished pipe bends for this study.

b. The electrical standards laboratory renders services
to the state somewhat analogous to the services rendered
to the nation by the U. S. Bureaw of Standards. An
established schedule of fees is used for such services.

¢. Studies in cooperation with Wisconsin industries
of the friction of line shafting, welded joints, steel chain,
fatique of rock drills, riveted and bolted joints. (Appro-
priation by cooperating agencies $2400 plus special
equipment and specimens).

d. Ata cost of $1000 per year the Wisconsin Utilities
Association has supported two fellowships in electrical
engineering at the University of Wisconsin. Since 1917
the Gas Utilities has supported one fellowship by pro-
viding $500 per year for this purpose. The Wisconsin
River Light and Power Company has comributed $500
for research.

Besides the above investigations under the organized
Engineering Research Department the following are
of interest:

1. The American Society of Mechanical Engineers
is cooperating with Harvard University and the Massa-
chusetts Institute of Technology in steam research and
the extension of the steam tables. The total expendi-
tures for this study to date is about $43,000.

2. The National Research Council is (a) indirectly
coeperating in connection with the highway investiga-
tions in several institutions, and (b) has assigned to the
Engineering Experiment Station of the University of
Illinois one of its Fellows to make an investigation
of the surface tension of the elements. The stipend
for this Fellow is $2500 per year. It is also cooperating
with Illinois in the investigation of fatigue of metals
as mentioned in the earlier part of this paper.

3. The National Electric Light Association 1s
cooperating in the studies of Rural Electrification with
seventeen colleges. This cooperative project involves
an expenditure of about $250,000 per year, half of which
is being contributed by the utilities.

4. The American Society of Civil Engineers is
cooperating with the University of Illinois in investigat-
ing reinforced concrete arches contributing toward
this about $2000 per year.

5. Practically every engineering college 1s serving
individual manufacturers by special tests and investi-
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gations on their products. In some cases the results
of such commercial tests are published for the benefit
of the public, but in the majority of cases they belong
exclusively to the manufacturer paying for the
Investigation.

6. Cooperation between state engineering colleges
and state highway departments is quite general. In
many states the state engineering colleges have fur-
nished the testing laboratories for the newly created
State highway departments. As the State highway
departments grew it became desirable that routine
tests of road materials be carried on in laboratories
outside of the colleges. A number of colleges, however,
are constantly assisting their state highway department
by special investigations and by studies of road ma-
terials in their respective states. The character of the
highway projects undertaken in different states shows
the value of special state investigations to meet local
conditions. KEighteen engineering colleges report very
definite projects in cooperation with State highway
departments.

7. Cooperation in research is also quite general
between engineering colleges and the U. S. Bureau of
Public Roads, the United States Bureau of Mines,
State Bureaus of Mines, the U. S. and the State Geologi-
cal Surveys, and with other technical departments of
the Federal Government and of the State Governments.

8. The Guggenheim Fund of $2,500,000 for Aero-
nautics has been announced recently. It is hoped that
the trustees of this fund will make a considerable
portion of this available for research at engineering
colleges

The above summary indicates that the engineering
colleges are competent to undertake research projects
which vary greatly in scope. While the results of such
cooperative investigations are directly of value to in-
dustry the by-product of such research relations be-
tween the engineering colleges and industry is a supply
of scientifically trained research men. Engineering
colleges which have good facilities for research attract
men of superior mentality desiring to pursue graduate
study as a preparation for a research career. Industries
and utilities can benefit themselves and stimulate grad-
uate instruction in engineering by sending back to the
engineering colleges for advanced study and research,
certain of their selected employees.

The industries and utilities have a clear cut obligation
to provide the engineering celleges with special equip-
ment and funds for the solution of new problems
through research in order to be certain that the en-
gineers of the future have intellectual curiosity and
ability to extend the frontiers of engineering knowledge.
More liberal support for engineering research at col-
leges will improve the quality of the engineering college
graduate, will advance basic knowledge in engineering
and will increase a supply of trained personnel for the
research laboratories of industry.
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HYDROELLECTRIC PROJECTS OF MA JOR
IMPORTANCE

In its visualization of a policy of water development,
the department has indicated seven great projects of
major importance: (1) Mississippi system; (2) Colum-
bia River system; (3) Colorado River; (4) Great Lakes
system; (5) the Great Valley of California; (6) intra-
coastal waterways; (7) other important developments,
including the Rio Grande and Hudson Rivers.

Each system must be considered as a whole and
organized to the maximum results. We need immedi-
ate determination of the broad objective and best de-
velopment of every river, stream, and lake In our
country in order that we do not undertake or permit
haphazard development, whether public or private,
that will destroy the possibilities of the maximum future
returns.

Progress of science and engineering, inventions in
construction methods, improvements in water craft,
discoveries in transmission of electricity have hrought
us to the threshold of a new era in utilization of our
water resources. We are able to undertake great
projects with confidence of successful accomplishment.

During the year, the department has vigorously
advocated a policy of water development. Actual
inspections have been made on the Great Lakes system,
Mississippi River system, Columbia Basin, and in the
Great Valley of California. In various addresses, the
Secretary of Commerce has directed public attention to
the fundamental benefits of the development and
indicated its immediate national importance.

The St. Lawrence Commission of the United States,
under the chairmanship of Sécretary Hoover, has been
engaged in consideration of the improvement of the
St. Lawrence River from Lake Ontario to Montreal,
providing not only canalization for deep-sea naviga-
tion to the Lakes but the development of large quanti-
ties of electrical power. A joint board of American
and Canadian engineers has been actively at work on
the engineering aspects and will report later this year.
The Department of Commerce has conducted a search-
ing economic study of the effects and benefits of the
project for consideration of the commission.

A concurrent study of an alternative route from the
Great Lakes across New York State also is in progress.
With economic and engineering studies of both routes
in hand, sound conclusions can be reached and final
recommendations prepared for the consideration of the
country.

During the year, at the request of Secretary Hoover,
negotiations with Canada were undertaken resulting in
the appointment of a joint commission to consider
methods for the preservation of the scenic beauty of
Niagara Falls. Concentration of water in a V-shaped
notch in the Canadian Falls is breaking down the
escarpment at a serious rate.—(From the Annual
Report of the Secretary of the Dept. of Commerce.)



General Power Application

Annual Report of Committee on General Power Application’
A. M. MacCUTCHEON, Chairman '

To the Board of Directors:

Continuing the policy of last year the committee
organized its work along the following lines:

1. To secure and present papers covering general
power applications not previously on record before the
Institute.

2. To study the field of general power application
with a view to indicating such parts of the field as are
not now adequately served and to point the way toward
future developments.

3. To summarize in the Annual Report the progress
in General Power Applications during the past year.

4. To present a bibliography which may be referred
to by those who desire more complete and detailed
information.

The program of the Regional Convention at Cleve-
land was largely prepared under the direction of this
committee. The subject of Sectionalized Electric
Drive as applied to paper machines was presented in a
series of three papers. Electric refrigeration from the
standpoint of the refrigerator manufacturer and the
Central Station was discussed in two papers.

The committee has requested the assignment of a
session at the 1927 Midwinter Convention and has
already arranged for a paper on a-c. elevator motors
and a paper on sectionalized group drive applied to
the manufacture of steel wool. It is suggested that
continued attention in future years be given to this
subject of sectionalized group drive where the different
motors on the group or train must be synchronized in
speed. In the discussion of the committee report it is
hoped that other subjects will be suggested, indicating
those fields of application in which the members of the
Institute will be most interested.

This year the committee can do no more than initiate
a consideration of such of the industrial fields as are
not now adequately served. Information of this
nature must largely come from the user. It is con-
sidered that a very real service will be rendered to
industry by recording such needs in the proceedings of
the Institute. As examples, the manufacturers of
refrigerating machines feel that there is a real need for
developing a motor for household refrigerators which

*Committee on General Power Applications:
A. M. MacCutcheon, Chairman

P. H. Adams, H. D. James, H. W. Rogers,

D. H. Braymer, P. C. Jones, H. L. Smith,

H. E. Bussey, J. C. Kositzky, W. H. Timbie,

R. F. Chamberlain, A. C. Lanier, W. K. Vanderpoel,
C. W. Drake, W. 8. Maddocks, A. E. Waller,

E. W. Henderson, N. L. Mortensen, W. C. Yates.

Presented at the Annual Convention of the A.I. E. E., at
White Sulphur Springs, W. Va., June 21-25, 1926.

shall have adequate starting torque and yet be con-
siderably less expensive. This is not a simple problem
but deserves the most careful consideration. There is
opportunity for rendering a real service to industry in
developing a control system for synchronizing the
various motors of a group or train drive, which shall
have many of the advantages of, and be less expensive
than, the extremely accurate control systems developed
for paper mill applications. Several suggestions have
been received that the Central Stations increase the
possibilities of small polyphase motor applications,
where such motors might be less expensive, more
reliable, and of better operating characteristics than
single-phase motors.

It is requested that all members of the Institute
record with the General Power Committee the unsatis-
fied needs of the electrical industry as such needs
come to their attention.

The following have been suggested as suitable sub-
jects for papers. Discussion isinvited.

“Power Factor Correction” by the Use of Condensers.

“Texrope” Drive for Short Belt Centers.

Induction Motor Control under Starting Conditions
by the Use of Resistance Starters.

Double Squirrel-Cage Rotor

A-C. Elevator Drive.

Experience with Antifriction Bearings Applied to
Electric Motors.

Electric Welding of Long Pipe Lines in the Field.

Isolated Small Power Plants for Standby Purposes
to Insure Continuity of Service.

Co-operation between Power and Telephone
Companies in Eliminating Problems of Inductive
Interference.

Induction Motors.

A summary of the progress in general power applica-
tions can never be complete. This report records
only those applications which have come to the atten-
tion of the committee. The thanks of the committee
is extended to Allis-Chalmers Mfg. Co., American Brown
Boveri Elec. Corpn., D. H. Braymer Equipment Co.,
Can. Gen. Elec. Co., Century Elec. Co., Condit Elec.
Mfg. Co., Elec. World Pub. Co., Fairbanks, Morse &
Co., General Electric Co., Goodyear Tire & Rubber Co.,
Haughton Elevator & Machine Co., Howell Elec.
Motors Co., Lincoln Elec. Co., National Elec. Con-
denser Co., Ohio Bell Telephone Co., Pittsburgh Elec.
Furnace Corpn., Reliance Electric & Engineering Co.,
Ridgway Dynamo & Engine Co., Westinghouse Elec.
& Mfg. Co., who have rendered most valuable aid in
the preparation of the report.
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LUMBER AND W0OD WORKING MACHINERY

Electric Dogs. The application of electric motor
drive to the dogging devices and set works of reversing
saw carriages is not only a distinctive forward step
from a safety standpoint, but also it makes possible
numerous operating economies not obtainable with
any form of manual or mechanical operation. For
electric dogging and tapering devices, high torque
motors can be furnished for either a-c. or d-c. operation,
although the former is most generally used. The
motors have been thoroughly tried out in this service
and proved themselves admirably adapted to the work.
Due to the reversing motion of the carriage and opera-
tion in other than the horizontal position, the motor
bearings are of the waste-packed sleeve type. Each
dogging and tapering device is equipped with three
motors of the same size and all are interchangeable,
which greatly reduces the stock of wearing parts needed.

The control for electric dogs is constructed to with-
stand the heavy shocks and jars of logs slammed on the
carriage by the nigger. The contactors for controlling
all motions on the carriage may be housed in a steel
cabinet, to protect them against damage and prevent
the entrance of dust, and the push button stations
mounted on the most eonvenient locations.

Electric Set Works. Although electrically-driven
set works have been available for several years, the
motors used on this equipment were formerly belted
to the mechanism and ran continuously. For this
scheme, a clutch was necessary to apply the motive
power for setting or receding the carriage knees.

Present practise favors the use of a direct-connected
motor which requires less space, eliminates the friction
cluteh, and operates only during the setting or receding
operation. - An electrically-operated brake i1s used in
connection with the direct-connected squirrel-cage
motor, which acts as a recoil mechanism and makes it
unnecessary to use a recoil pawl. The action of the
brake is entirely automatic. When the motor is not
running, the brake is set but as soon as power is applied
to the motor the brake releases.

The control for the direct-connected motor may be
either push-button or drum-controller operated, and
consists of magnetic reversing contactors designed
particularly to function reliably in the rapid operation
of the log carriage.

Band Mill Drive. A 9-ft. band mill has been built
with the lower wheel shaft direct connected toa300h. p.
motor through a flexible coupling. This is the first
large band mill ever built with a direct-connected
motor drive.

RUBBER MILLS

The synchronous motor has made greater strides in
general application in 1925 than probably during any
other one year, and in no industry is this more true
than that of the rubber industry. ‘

Equipment is now being built for several automatic

Journul ALY K. K

across-the-line starters with dynamic brake for synchro.
nous molors driving rubber mill lines. These starters
are unique in that three-pole, double-throw, oil-im.
mersed, 2200-volt contactors will be used to throw
the motors across the line when the contactor is in the
upper position. The lower or dynamic braking con-
tacts of the contactor are closed by gravity assisted
by spring action. This is the first installation in which
a double-throw contactor will be used for both dynamic
braking and across-the-line starting.

A synchronous motor has heen used to drive a
rubber-hog, a machine used to cut up old tires, serap
rubber, ete. We believe this is the first time a synchro-
nous motor has been used on this machine.

BAKERIES

For dough mixer drive up to and including 50 h. p.,
two-speed, squirrel-cage motors have certain desirable
characteristics. When starting, the motors are thrown
across the line using the slow-speed connection and
automatically transferred to the high-speed connection.
This reduces the starting current below that of a sin-
gle-speed motor, and also makes availabletwo running
speeds. Magnetic across-the-line starters are used with
the proper automatic sequence obtained so that the
motors will always start on the low connection.

PETROLEUM INDUSTRY

Two-speed, wound-rotor induction motors of 20-50
h. p. and 25-65 h. p. capacity with suitable eontrollers
have been developed to meet increased requirements
of pumping service. Similarly, to meet the demand
of shallow light pumping wells particularly in foreign
fields, a 10-25 h. p. two-speed motor and complete
controller has been developed. There are gaseous
oll fields where protected-type electrical equipment
must be employed in drilling service, and in some
Instances protected motors and controllers are desired
on pumping wells. This condition, together with the
fact that any two pumping motors may be used toform
a twin-motor, cable-tool drilling equipment, has re-
sulted in developing enclosing parts for the slip rings
of the entire line of pumping motors.

On the protected equipment, the motor slip rings
are enclosed in a steel housing on the end of the shaft.
The housing is designed to meet the specifications of
the Bureau of Mines for explosion-proof apparatus.
No parts of the motor subject to sparking are left
exposed.

The controllers for the protected pumping motors
have been made with all arcing contacts oil immersed.
This includes the drum cam contactor-type controller,
pole-changing switch, and circuit breaker, which are
the only parts presenting a fire hazard due to sparking.

IRRIGATION

Hollow-shaft, squirrel-cage induction motors are at
prese_nt being extensively used for driving turbine or
centrifugal type pumps used in the irrigation fields

e g
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along the Pacific Coast. The pumps are of small
diameter so that they can be lowered in the well casing
and submerged in the water. As the water level
lowers the pump is lowered and the shaft is extended
to meet the new conditions.

The motor consists essentially of a standard vertical
squirrel-cage motor with a hollow shaft, the inside bore
being sufficiently large to accomodate; with clearance
the extension of the pump shaft. The motor drives
this shaft at the upper end by means of a coupling.
The pump half of the coupling is threaded to the pump
shaft so that the proper adjustment and alignment of
the pump impeller at the other end of the shaft can be
made conveniently. The upper ball bearing is suffi-
ciently large to handle the thrust weight due to the
motor rotor and the pump impeller and shaft, while
the lower ball bearing of the motor acts as a guide
bearing for the motor rotor. A cover or hood, which
is easilyremovable for adjusting purposes, encloses the
coupling and shaft end and also protects the motor
from dripping water without interfering with the
ventilation.

The principal demand for these motors is in sizes
from five h. p. to 50 h. p. of four and six poles with a
tendency to go to higher speeds, that is, two poles and
larger horse powers. These motors are so designed
that they may be started directly on the line.

CHEMICAL AND ELECTRO-CHEMICAL

In this field one large installation consists of a large,
geared, turbine-driven, d-c. electrolytic unit, rated at
2800 kw., 13614 volts. This unit, the largest of its
kind, is representative of the most efficient type of
electrolytic power unit obtainable, where the power
plant and electrolytic-cell room are adjacent.

One copper mining company has purchased 11,500
kw. in synchronous motor-generator sets to supply
d-c. power for obtaining copper electrolytically from
the leached ore.

A new type of drive for centrifugal extractors in
chemical and other industries involved the use of a
direct-coupled squirrel-cage motor to secure high
starting torque with low power consumption and good
performance at full speed. This motor has a high
resistance section in the rotor winding built in the form
of afanandlocated at the top of the motor. The heated
air developed is thus expelled without passing through
the motor proper. Adjustments in acceleration and
speed are obtained by use of double busses, one high-
voltage and one low-voltage, the accelerating being
done on the high-voltage bus, the motor running on
the low-voltage bus.

ELECTRIC FURNACES

A 1.5-t0n, electric arc furnace requiring 5000 kv-a.
electrical equipment has been applied for melting
cold scrap, and another 25-ton electric arc furnace

requiring 5000 kv-a. electrical equipment, for refining
steel.
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A 25-ton furnace for duplexing special steels from
open hearths for ingot production is of interest. A
large industrial plant has installed two 15-ton furnaces
for duplexing blast furnace iron direct. In another
plant, open hearth to electric furnace duplexing is being
carried on with a 1l4-ton electric furnace with most
satisfactory results, although this size is somewhat
smaller than is usually employed.

Continuous melting and the introduction of per-
manent molding machines has created a necessity for
a continuous supply of hot metal. Batch operation
is usually unsuitable for these improved molding
methods.

A large percentage of recent electric furnaces put into
operation have been installed for high-quality, close-
grained, strong, electric-furnace, gray irons.

Of particular interest is a recent double electric
furnace installation on the duplexing of malleable iron
from cupolas on a continuous process. While this
installation is unusual on account of the large tonnage
handled, the results already obtained indicate that they
will havea marked effect on malleable practise generally.

Since its invention, about a decade ago, the high-
frequency induction furnace has been exploited on a
basis of operation at approximately 12,000 cycles, this
frequency being obtained by means of mercury-arc
oscillators. In the last year the use of 500-cycle genera-
tors in melting copper, brass, nickel-silver, and similar
metals has been quite successful.  Sets of 2000 cycles
also have been supplied.

Are furnaces, originally supplied with single-voltage
equipments, were superseded by two-voltage ones and
during the past year three-voltage furnaces were under
construction. These latter use the high voltage for
breaking down the scrap, an intermediate voltage for
completing the melting, and the customary refining
potential of approximately 90 volts. '

ELEVATORS

The first full-automatic floor-landing elevator equip-
ment for high-speed passenger service was produced
and is nowinoperation. This equipment automatically
brings the car to the floor after the operator has initiated
the stop by moving the car switch to the “off’”” position.
This constitutes an important improvement over pre-
vious elevator operation in that the car stops at the
floor, but does not stop before reaching the floor and
then creep to it, nor does it overrun the floor and then
creep back.

TUNNEL VENTILATION

While motor application to ventilation problems is
not new there 1s one outstanding instance of such to be
found in the furnishing of 90 motors, totaling 6000
h. p., to drive the fans which will ventilate the Holland
tunnel, a vehicular passageway under the Hudson River
connecting New York and Jersey City. The tunnel
has a capacity of 2000 vehicles per hour in each direc-
tion, 1s approximately 8500 feet long and is the largest
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tunnel of this type in the world. The motors are
fnlundﬂpd wound-rotor induetion motors and will be
mstatled late in 1926,

CEMENT MiLLs, CrusHRrs, Erc.

There is a tendency toward the application of slow-
speed, direct-connected motors to grinding mills. Two
900-h. p., 180- rev. per min. clutch-type synchronous
motors have been sold to operate 7-ft. by 40-ft. com-
partment tube mills. These will be among the largest
motors for tube-mill drive ever manufactured.

The application of clutch-type synchronous motors
has made rapid progress, particularly in the case of
grinding and crushing machinery in the cement and
copper industries, but installations in flour mills, on
pumps, and on other applications have also been made.
This motor has been developed for use in applications
where the well-known advantages ot the synchronous
motor are desired and where high starting torque with
low starting current is essential. The motor is a com-
bination of a synchronous motor of standard type and
a magnetic clutch arrangement to form a compact
self-contained unit. The motor rotor can be revolved
independently of the load and after synchronous speed
is reached the load can be started by exciting the cluteh.

Controllers have been developed for this motor rang-
ing from manual control of both motor and clutech to
automatic motor starting and automatic clutch engage-
ment. All forms of controllers have both the clutech
and motor control built together as a unit.

While the motors above are of the clutch type there
have also been applied motors of the same rating (900
h. p. at 180 rev. per min.) of the induction synchronous
type for direct connection to compeb mills without the
use of a clutch.

High-speed, gyratory crushers driven by vertical
direct connected induction motors have been placed
on the market by a large manufacturer.

AGRICULTURE

Applications of electricity to agriculture greatly
increased during the year. Much attention has been
given to this branch both on the continent and in
America. Some of these applications include electrical
plows, electrical treatment of ensilage, fodder, etc., and
general farm and dairy machinery.

Arc WELDING

The past year has seen an interesting development
in the field of arc welding. While for some years past
there have been occasional applications of are welding
in the building industry, the past year has shown several
striking applications which no doubt will lead to its
adoption, eliminating riveting in many instances.
Tests that have been conducted show conclusively that
an arc-welded joint made in the fabrication of structural
steel is both stronger and cheaper than a riveted joint
of the same class of construction. Besides being
cheaper and stronger, the elimination of the nerve-
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racking din of the pneumatic hammer alone will make
this process welcome to the inhubitants of the larger
cities where building operations are most active.

The introduction of a new and improved automatie
arc-welding head for production work is another of the
notable advances in the field of are welding. This
head is mueh simpler than anything yet produced and
promises to be a decided advance in this class of work,

The construction and application of automatic weld
ing machines for the commercial production of tanks,
range boilers, ete., was continued and a variety of
mechanisms adapted to particular classes of work were
constructed.

INDUSTRIAL. HEATING PROGRESS

Industrial eleciric heating made marked advance-
ment in 1925, both in increased connected load and in
new developments. It is estimated that throughout
the country more than 200,000 kw. was added to cen-
tral station lines not including arc welding.

The use of electric heat is increasing rapidly in such
processes as japanning, core baking, drying, heat
treating and annealing metals, glass annealing, melting
steel, brass, and the soft metals. The application of
small units to process machines is increasing the rate
of production in many lines and the use of small
devices such as glue pots, soldering irons, and immersion
units is becoming standard practise.

New developments were carried on in cloth singeing,
sheet-metal, tinning, heating mine drills, and in haking
bread and other food products.

ParPER MILLS

A new rotary-contactor regulator for sectional paper-
machine drive has heen applied to both fourdrinier and
cylinder-paper machines and is operating successfully.
This regulator is fully described in a paper presented by
Mr. S. A. Staege hefore the Cleveland Section of the
A. 1. E. E. during the March 1926 meeting. During the
coming year a number of paper machines under control
of this rotary-contactor regulator will be put into
operation. These machines make a variety of papers
at maximum speeds varying from 450 to 1400 ft. per
min.

A specially-developed d-c¢. drive for paper cutters
has been applied with a resulting appreciable increase
in production and uniform quality of product. The
motor has a speed range of three or four to one by field
control, and the control is designed so as to permit
uniform acceleration to a predetermined speed and
uniform retardation to the full field speed of the motor.
The operation 1s obtained entirely from the push-button
station, and permits the operator to slow down immedi-
ately when necessary to remove poor sheets. Also the
cutter can be driven at the maximum speed suitable to
the product.

An automatic control equipment designed to govern
the synchronous motor driving two magazine pulp
grinders has been developed. This control, in case of
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failure of the power supply to either of the feed motors,
continues to function and holds approximately half
load on the other stone. It also maintains automatic
control on one stone when the other is not in use, and
permits of the use of the feed mechanism as a hoist,
raising and lowering the magazine when it is necessary
to change stones.

In Canada, synchronous motors have been applied
with success for direct connection to screens and vacuum
pumps of the Nash type. In the past, these have been
driven by chain or belt, but, on account of the low-
speed, direct-connected induction motors, have not
been satisfactory. Higher efficiencies and smaller
floor space are the principal advantages.

*

PRINTING

The standard drive for printing presses is a two-motor
arrangement consisting of a large driving motor and a
small motor for threading the paper through the rolls
ata very low speed. In a certain installation, a special
drive was provided which involved the use of one wound-
rotor motor for each press instead of the customary two.
The necessary speed variation was secured by means of
two synchronous motor-generator sets for supplying
current to the driving motors, the generators being of
low and high frequency. Full automatic control was
provided, and by pressing the proper push button any
of the driving motors could be made to run at a
threading speed of 1/15 to 1/20 of the normal speed.

LAUNDRY MACHINERY

An improved control for reversing washing machines
in laundries has been developed. The control consists
of a drum driven by the machine which is to be reversed.
The machine makes a given number of revolutions in
one direction, bringing the drum to the point where the
connections are changed and the motor reversed. A
special motor is used, and the combined design is such
that the motor is brought to rest gently and started
again in the opposite direction without shock to the
machinery, thus. combining the advantages of electric
control with the cushioned effect of the belt-driven
machine.

STEEL MILLS

A 2500-h. p., 257-rev. per min., synchronous motor
has been applied for tube-mill drive. This is apparently
the first installation of synchronous motors for this
work. :

A marked tendency has been evidenced to get back
to the use of d-c. motors where variable-speed drive is
required.

As regards main-roll drives, the year was one of
unprecedented activity in the application of electric
motors. One large manufacturer supplied a con-
tinupus capacity of 133,000 h.p. in motors for this
service,

An unusual equipment was required by the Youngs-
town Sheet & Tube Company. Instead of driving the
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several stands of a Morgan Mill from one common line

- shaft, the stands are combined in several groups, each

group driven by a separate adjustable-speed motor.
Both a-c. and d-c. adjustable drives are used. The
roughing train will be driven by a 3600-h. p., adjustable-
speed Kraemer Drive, and the intermediate train by a
7500-h. p. similar drive, while the last three stands will
each be driven by a 2000-h.p., d-c. motor. The
equipment is unique in that the machines can be re-
grouped in many combinations, providing high effi-
ciencies even on the lighter loads.

The first application of a decidedly large synchronous
motor to main-roll drive is being made by the McKinney
Steel Company, where a 9000-h.p., unity-power-
factor, 107-rev. per min., 6600-volt, 25-cycle unitisused.
The motor will drive a 10-stand, Morgan, continuous
sheet bar mill. In addition to being the first large
synchronous unit so applied, this motor has a higher
continuous rating than any other motor so far applied to
industrial purposes in this country and possibly abroad.
The complete operation of starting and throwing on the
line is entirely automatic and under control of a master
switch.

A new and interesting application in the steel in-
dustry is the use of individual roll drive on run-out
tables, etc. The motors themselves are of a small
capacity and of the squirrel-cage induction type, but
the installations are interesting in that speed variations
of as high as three to one are required in some cases
while two to one is very common. The speed variation
is accomplished by supplying variable frequency to
the motors, this being obtained from a motor-generator
set, the motor of which is usually of the adjustable-
speed, d-c. type. The alternator voltage follows the
frequency changes and the roll motors have the charac-
teristic of constant torque.

RAILWAYS

The Ward Leonard system of control was applied
for the first time to the operation of a lift and turnover
dumper for railroad coal cars. This dumper can
handle a 120-ton car and the cradle hoist requires two
450-h. p., d-c. motors supplied with power by two
synchronous motor-generator sets. The Barney haul
for bringing the car up to the cradle also uses two 450-
h. p. motors with similar control. The dumping is
entirely automatic.

A number of five-h. p. motors were applied in the
operation of car retarders, a service heretofore secured
pneumatically. The function of these retarders is to
stop railroad cars at the proper place in a classification
vard and the retarding action is secured by wedging
the car wheels between two sections of rail which are
actuated by the five-h. p. motors. Through remote
control the car dispatcher has the entire government
of the cars.

The application of oil engines in combination with
generators and motors for the propulsion of electrically-
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driven motor cars has advanced considerably in the
past year. New installations have been made by the
Canadian Nationa] Railway and Ly the New York
Central.

Gas-electric busses, while not new, made large gains
in the number of applications.

Mining. A new application of the so called super-
synchronous motor is to be found in installations for
driving mine ventilating fans. The characteristics of
these fans are such that the driving motor must be
able to start and bring the fan up to speed under full
load.

Tap-Changing Transformers. Considerable publicity
has been given to the use of tap-changing transformers
arranged for changing ratio under load. This type of
transformer has found a special field for electric furnace
work and 1s being manufactured by several com-
panies.

Synchronized Group Drive. Reference is made under
Paper Mills to the continued improvement in the highly
specialized and accurate systems of control used in
paper mill drives.

In the use of the much simpler and less expensive
but likewise less accurate ‘“dancer roll’”’ control, expe-
rience has shown that it is much easier to keep the
various motors in step during the period of acceleration
by the use of the Ward Leonard System. As in the
paper mill drive, the speed change of the group as a
whole is accomplished by changing the line voltage,
leaving only the correction in speed of the individual
motors to be accomplished by field change.

Several applications of train drive have been made to
continuous strip mills where the speed-torque charac-
teristics of the various motors have been so related as to
permit the elimination of all corrective rheostatic
action. The various motors are held in step by the
strip of steel being rolled under tension.

Probably the most novel application of train drive
during 1925-26 was in connection with the manufacture
of steel wool. Ten motors are kept in synchronism by
a novel type of dancer roll which permits the main-
tenance of an adjustable but uniform tension on the
wire which is being cut. This application will be
described in detail in a paper to be presented next winter
by Crosby Field.

Anti-Friction Beartngs. The use of antifriction
bearings on motors has increased rapidly. While
ball-bearing motors have been supplied for years there
is a continued improvement in the method of mounting
and provision for disassembly. Standard lines of
general purpose motors are now available with roller
bearings. While possibly this subject does not come
within the scope of this committee, it is referred to as
being of unusual interest to the user. The steel mill
electrical men have been particularly active in investi-
gating the advantages and disadvantages of this type

of bearing.
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CONTROL

A time-element magnetic control has been used for
d-c. motors. Definite time intervals between the clo-
sing of successive accelerating contactors 18 secured
by relays which have a lag in their operation due to the
self inductance of a short-eircuited coil.

Mine-hoist control in the past has been provided with
current-limit acceleration relays. Definite time-
accelerating relays have lately been employed with
success.

Considerable progress has been made in the develop-
ment and application of magnetic switches for throwing
induction motors directly on the line. Special switches
have been designed for dust-tight service in cement
mills, ete. .

A reversing master switch intended for use with mag-
netic switch starters and providing undervoltage
protection in both forward and reverse directions has
been applied for shipper-rod control of machine tools.

Temperature type overload relays have superseded
older forms and are now developed for circuits of 2000
amperes.

Manually operated contactors have been applied
replacing knife switches on motor circuits. These will
safelyinterrupt ten times their continuous rated current
and may be used on either a-c. or d-c. systems.

An electrically-operated pressure governor used in
connection with a pressure-regulator control has been
applied where water is either not available or not suit-
able for operating the hydraulie type of regulator.

One manufacturer reports the development of a new
type of speed-regulating controller. With this equip-
ment it is possible to maintain a substantially constant
low speed on a slip-ring motor independent of load varia-
tions. The speed is maintained constant by means of
an oil pump geared to the motor. The pressure
developed by the pump varies with the speed and this
change in pressure causes secondary contactors to open
and close, thus regulating the speed. The same device
provides automatic acceleration of the motor. It also
disconnects the motor from the line at zero speed after
it has been reversed to obtain a quick stop.

Inductive time-limit controllers have been applied
not only to all types of mill auxiliaries, but also to
bucket cranes.

Development was completed on a new type of space
heater. In the new design, the resistor is imbedded in
aninsulating material of the refractory type, which pro-
duces a sturdy unit and one which can be overloaded
with less danger of burnout.

"There has been placed in operation a new type of
liquid slip regulator. In this design, the electrodes are
stationary and the liquid level is varied by forcing
low-pressure air into and out of a displacement chamber.
The regulator is remote-operated, a master switch
controlling the primary contactors, the air compressor,
and solenoid-operated valve which admits air to the




Dec. 1926

displacement chamber. A second valve provides slip
regulation by bleeding air from the displacement
chamber. In this way the liquid level is lowered on
heavy loads and rises again as the load decreases.

A new line of a-c. controllers has been put on the
market utilizing a new type of thermal overload relay.
This relay consists of a pair of heaters enclosed in
molded insulating material. An overload causes the
melting of a special alloy and allows a contact mecha-
nism to open the control circuit. The alloy hardens
after the overload is removed and the contact mecha-
nism can then be reset manually. The relay is provided
with adjustment for varying the tripping point.

The application of Dean motor-operated valve units
ahs been extended. A smaller unit has been brought
out which has found its principal application in oil
refineries. An explosion-proof station for this service
has also been designed.

Some novel applications of magnetic clutches have
been reported. A number of these clutches have been
used to drive elevators, feeding gravity conveyors. If
material backs up in the gravity conveyor, the circuit
to the clutch is opened, thus stopping the elevator and
preventing the feeding of additional material into the
jammed conveyor.

Marine. Electrical propulsion of naval craft re-
ceived a decided impetus in the launching of the air-
plane carriers U. S. S. Saratoga and Lexington. These
are the largest naval craft afloat and each will carry
propelling equipment of approximately 180,000 s. h. p.

The application of electrical drive to operate un-
loading machinery as cited in the case of the “T. W.
Robinson,” a 13,000-ton Great Lakes Steamship, which
itself is equipped with turbine electric drive, was a new
departure.

In the past, numerous ferry boats have been provided
with electric propulsion through fore and aft propellors.
In 1925, for the first time, Diesel-electric drive was
applied to the operation of a side-wheel ferry boat.

The city of Houston placed the first order for a
Diesel electrically-driven and equipped fire boat.

The greatest advance in the marine field is probably
the large increase in electrically-driven auxiliaries.

The first successfully operated electric platform hoists
were installed on the S. S. George Washington and
Robert E. Lee

FOREIGN DEVELOPMENTS

The economical viewpoint involved in motor appli-
cation when considered in connection with low speed
driven machines has resulted in the development of a
specially designed built-in, oil-immersed, high precision
reduction gear, located in the end shield of the motor so
as to form a unit. This application has been made to
three-phase induction motors ranging from 14 to five
h. p. and to three-phase and single-phase commutator
motors from 5 to 15 h. p. A notable application has
been to ring spinning frames in textile mills.
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A-c. motors with built-in centrifugal starting device
have found an increasingly wide application, being used
to cover horse powers from 214 to 250. The unusually
difficult problems encountered in starting and accelera-
ting sugar centrifugals have been successfully met by
the use of this type of starting device on vertical motors.

The further development of three-phase and single-
phase commutator motors with series characteristics
has received a great deal of attention. Likewise exten-
sive research work has been carried on in the develop-
ment of 25-cycle, high-powered commutator motors
with suitable controls for traction service.

MISCELLANEOUS

The a-c. brush shifting motor was applied for the
first time to the operation of punch presses, draw
presses, and shears. These machines are ordinarily
driven by a high-resistance type of squirrel-cage
motor but the ability to adjust speed to the work in
hand is very desirable.

The sale of ‘“Texrope’”’ drives increased tremendously.
This is not particularly an electrical development but
is of interest in the application of motor drive
where the motor is placed close up to the work.

An interesting application is that of small induction
motors operating on frequencies of 300 to 400 cycles
and at speeds of 18,000 to 25,000 rev. per min. to grind-
ing and polishing machinery. Even higher speeds
are anticipated.

Synchronous motors of the vertical-shaft type have
been applied for driving plate-glass grinders.

Refrigerating motors have been further developed
by several companies. There is a real need of a satis-
factory low-priced motor for this service, comparable
if possible to automobile-starting motors.

Application of power apparatus for household
purposes goes on apace. A new phonograph motor
has recently been developed and is in use by some of
the larger companies.

An improved type of mooring tower erected at the
Ford Airport, Dearborn, Mich., afforded a new appli-
cation for electrically-driven elevator and mooring
mechanism.
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Am. Mach., v. 62, p. 163. Motor Drives in Auto Shops. )
Am. Mach., v. 62, p. 492. Motorized Motor Shop on Pacific
Coast.

Am. Mach., v. 62, pp. 242, 318, 428, 541, 612, 741, 696, 776,
1001, 1004. Modern Methods of Mounting Motors.

Am. Mach., v. 62, p. 780. Machine Tools with Built-in
Electrical Equipment.

GENERAL POWER APPLICATION

Journal A. I. E. E.

" Zeit. Tech. Physik., No. 2, 1925, v. 6, pp. 74-76.
of Gold from Mercury by Action of Elec. Discharges.
Factory, July 1925, v. 35, pp. 106, 108, 110. Motor Mechanism
for Operating Long Rows of Window Sash in Factory Buildings.
Engng. News, Rec. Aug. 27, 1925, v. 95, pp. 346-48, Elec-
trically Operated Gauges Devised forFilters.
Elec. Rev., Sept. 1925, v. 97, pp. 490-91.
Meat with Electricity.

Blast. Fur. & St. Pl., Oct. 1925, v. 13, pp. 414-15. Electrolytic
Scale Preventions.

Derivation

Defrosting Frozen

MoTor DRIVES
Ind. Engr., Apr. 1925, p. 166. Short Center Belt Drives.
Ind. Engr., May 1925, p. 214. Silent Chain Drive.
Ind. Engr., June 1925, p. 265. Belt Capacity Affected by
Service Conditions.
Ind. Engr., July 1923, p. 310. Power Survey of a Motor Load.

Parer MiLLs

Ind. Engr., Nov. 1925, p. 510. Paper Mill Drives and Motor
Control Layouts.

Elec. Wid., Apr. 4, 1925, p. 705.
Calender Drive.

Elec. Wid., Dec. 5, 1925, p. 1143. Elee. Drive in a Modern
Paper Mill.

Dual Frequency Super-

PETROLEUM
Jour. Elec., May 15, 1925, v. 54, pp. 359-60. Utilization of
Elec. in Salt Creek Oil Fields.
Elec. Wid., May 30, 1925, v. 85, pp. 1119-1122.
in Oklahoma Oil Fields.
Elec. Wld., Aug. 22, 1925, v. 86, pp. 374-75.
Pumping Oil Electrically.

Elec. Power

Economies of

SHaIPS

Met. Vick. Gaz., Aug. 1925, v. 5, pp. 33-44.
Elec. on Board Ship.

Application of

STeeL MiLLs
Ind. Engr., Sept. 1923, p. 407. Problems of Steel Mill Opera-
tion Involving Motor Drive.
Ind. Engr., Sept. 1925, p. 423.
in Steel Mills.

Maintenance of Large Motors

TEXTILE

Elec. Wld., Aug. 22, 1925, p. 365.
in Hosiery Mill.

Power Factor Correction

LIGHT SKETCHES HUGE FACES ON
MOUNTAIN

Sketching out 60-ft. heads of Washington, Lincoln,
Jefferson and Roosevelt on the bald rock face of
Rushmore Mountain in the Black Hills of South
Dakota is one of the huge tasks which Gutson Borglum,
noted sculptor of memorials, is carrying out with
electric light preliminary to the actual carving. Lan-
tern slides projected at night against the mountain by
powerful light were used for this work when Borglum
laid out and partly executed the famous memorial of
the South on Stone Mountain near Atlanta. The faces
are drawn on the slides and thrown on the rock surface
in the exact size of the finished work. Painters in slings
hung against the sheer rock surface of the mountain
drew the outlines indicated by the light so that on the
following days the work of stone cutting could proceed.




Electricity in Mine Work

Annual Report of Committee on Applications to Mining Works
F. L. STONE, Chairman

The Committee on Applications to Mining Work has
done very little constructive work during the past year.
From the nature of things, the Committee can only
watch the development of the use of electric power in
mines. This use is becoming more general every year
and electric motors are supplanting every other kind of
motive power. This is due, of course, to their higher
efficiency and flexibility of control, combined with
the fact that they are just as reliable, if properly de-
signed for mine use, as any of the other forms of drive.
I think that no mine operator who is contemplating
the opening of a new mine would consider any other
method of drive.

In coal mines there always exists the hazard of
explosion from gas, and in the bituminous mines from
both gas and coal dust. These explosions have de-
stroyed hundreds of lives and ruined millions of dollars’
worth of property. The operators consequently are
making strenuous efforts to eliminate the initial cause
of such explosions

A small percentage of these explosions has been
traceable to the electric arc. After such an explosion
has occurred, all traces of its initial cause are usually
obliterated. Consequently many explosions have been
attributed, for the want of a better explanation, to
electric arcs, without any real justification.

The hazard, however, does exist and it is entirely
wrong for electrical engineers to attempt in any way to
dodge the issue. It is unquestionably unsafe to operate
open motors at the face of any mine that may become
gaseous with little or no warning.

This condition, which is fully recognized by mining
engineers, is putting a new problem to the electrical
engineers. They must design apparatus which, to say
the least, will be safer than that in use at the present
time. The apparatus must be such that when its free
space is filled with explosive gas or coal dust in sus-
pension and this mixture ignites, sufficient heat will not
be transmitted to the outside of the motor to cause the
ignition of explosive mixtures surrounding the motor.
The connections to the apparatus must be such that
they cannot be tampered with or opened while power
Is on the motor, thereby drawing an arc. It is not the
purpose of this report to outline in detail the many
problems that are now up to the electrical engineer to

produce apparatus which will be safe, even in gaseous
atmospheres. '

*Committee on Applications to Mining Work:
I. L. Stone, Chairman, General Electric Co., Schenectady, N. Y,

W. C. Adams, G. M. Kennedy, Charles II. Matthews,
M. C. Benedict, R. L. Kingsland, D. C. McKechan,
Graham Bright, A. B. Kiser, W. I*. Schwedes,

H. W. Eales, Carl Lee, W. A. Thomas,

L. C. Ilsley, John A. Malady, C. D. Woodward.

Presented al the Annual Convention of the A. I. E. E.,
White Sulphur Springs, W. Va., June 21-26, 1926.

The United States Bureau of Mines has rendergd
very valuable assistance to the manufacturers 1n
describing in detail what constitutes safe apparatus, and
will issue to manufacturers what is known as approval
plates, which means that this particular piece of
apparatus for which the plate is issued has been tested
by them and has been found to be safe for use in
explosive atmospheres in so far as they can ascertain.
Quite a long list of such apparatus has been approved
by the Bureau of Mines already and this list is increas-
ing continually. The Chairman of this Committee
believes that it will not be many years before state
legislation decrees that all electrical apparatus used at
the face of any coal mine must be similar to that which
1s now known as “approved apparatus.”

Due to the great number of producing bituminous
mines, the bituminous industry finds itself in a very
precarious position. As a whole, the potential ca-
pacity of the industry to produce is very greatly in
excess of the demand. Consequently, the price of the
product is extremely low, and it would seem as though
only the most efficiently operated mines can exist.
This condition has led mining engineers to reconsider
and intensively study their mining conditions with a
view to reducing costs. The result of this study is that
several new methods of mining have been evolved all of
which require electric motors in some form or other.
We have several successful mechanical loading devices
where the coal is loaded mechanically into the cars
after being shot. We have other schemes where the
coal is drawn to the entry in large scraper buckets and
there loaded directly in cars. There are also innu-
merable conveyor schemes which carry the coal from the
face to the mine car, the conveyors being more or less
portable and so arranged that they can follow the face
as it recedes.

The electrical equipment for these entirely new
devices does not present any very serious problem
beyond the proper selection of motors to meet the
conditions indicated.

In the effort to reduce further the costs at the mines,
we find more and more fully automatic substations
being installed for supplying direct current and also
fully automatic pumping stations. We find the elec-
trical engineers of the coal mines watching their peak
demands and installing meters much more freely than
in the past.

The electrification of power shovels continues at an
ever increasing rate, the general scheme being the use of
Ward Leonard controlled generators, using a motor and
generator on each of the motions.

The metal mines have been fairly active this year,
and electrification of these mines has proceeded along
standard and well-defined lines.
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MEASUREMENT OF TRANSIENTS BY THE LICHTEN-
BERG FIGURES!

(McEacaRON)
Ni1scara Farrs, N. Y., May 27, 1926
SALT LARE City, UraH, SEPTEMBER 7, 1926
(D1scussioN AT NIAGARA FaLLs)

J. H. Cox: I am glad to note that the Lichtenberg figures
are receiving attention, from the engineering standpoint, by
others. All of this work will hasten a more thorough under-
standing of the phenomenon.

I may state that the klydonograph, the surge recorder which
utilizes this principle, was placed in use not with the contention
that we knew all there was to be known about the phenomenon,
but rather that we knew enough about it to be suré that valuable
and sufficiently reliable information could be obtained by its
use and that any information so widely desired as that on trans-
mission-line surges should not be withheld until all of the less
important points were determined. Of course, the sooner these
points are learned the better.

Although from the standpoint of a surge recorder the data
obtained by Mr. McEachron at the extremes of wave front are
of no practical value, they are interesting in view of the figures
in the practieal range.

Ingeneral, Mr. McEachron’s results agree quite well with our
own. Tamsurprisedthathe obtained such large positive figures
with slowly applied potentials. Our tests show that the more
sloping wave fronts produce smaller figures. This effect was
noticeable to a slight degree at 60 eycles, true to a greater
extent with the negative figures but also evident with the positive
figures whether half-cycles or the full wave was taken.

Dr. P. 0. Pedersen, who has probably done more work than
any other investigator on this subject, states the following:
“The figures appear only if the potential difference across the
Lichtenberg gap is altered in an impulsive or sudden manner, and
not if the potential is raised gradually.” This observation was
made by Reis and Mikola: “At a certain stage of the charging
of the electrode the intensity of the field between it and the plate
reaches a value at which ionization by collision commences.
The ionization current charges the surface of the insulating
plate and thus keeps the intensity of the electric field between the
electrode and plate below the high value necessary to form the
Lichtenberg figure. With a rapidly varying potential there is,
however, a possibility of obtaining sufficiently strong fields
because it takes some time to establish the compensating charge
on the insulating plate.”’

In our work at East Pittsburgh we were able to obtain some
figures but they were smaller than the impulse figures. We
found that there were variations due to conditions of the emulsion
and it is possible that Dr. Pedersen’s emulsion was so conductive
that his failure to obtain figures with slowly applied potentials
was due to conduction current rather than ionization eurrents.

The nature of the formation of the figure is still unknown,
but we all agree that it is caused by the state of stress in the gas
adjacent to the emulsion.

In the klydonograph, when a potential is impressed on the
electrode there is an electrostatic field set up between it and the
metal plate. The gradient is of course more intense near the
electrode and, proceeding away from the electrode, a point is
reached where the gradient is not sufficient to form the figure,
and hence the boundary of the figure. If the emulsion surface
were conducting there would then be a charge distributed over
the surface of the plate and the stress would be entirely in the
dielectric. Since there would be no stress in the gas there would
be no figure.

1. A.I.E.E.JournaL, October, 1926, p. 934.

It is evident that with emulsions such as we get, which are
only slightly conducting, there is no time for this charge to creep
out from the electrode under impulsive conditions, but the slower
the application the more creepage is possible and hence a smaller
figure.

Surface conductivity increases with moisture content and we
have found that under humid conditions 60-cycle figures are
smaller than under dry conditions. As far as we have been able
to determine, there is not time enough for this effect under any
application rapid enough to be important in surge conditions on
transmission systems.

Mr. McEachron's positive figures agree with ours, and as he
states, their appearance is only an approximate measure of the
rate of application. I am unable to understand the difference
between his negative figures and ours. Our abrupt-front nega-
tives were very clean-cut with straight rays. The five-micro-
second negatives were clean-cut, but clover-leafed.. It was
only in thelonger wave fronts that they had the fuzzy appearance.

We have found in practise that the negative figures are much
less satisfactory to deal with than the positive, and agree that
they vary more with frequency. .

Fortunately, the large majority of surges found in practise are
positive. I see no reason for this in the case of switching surges,
but it is nevertheless true. ‘

In the case of an oscillation the negative is evident and can be
measured, although smaller than the positive, except in the
case of a sustained oscillation. when we are not interested in it
because it would have no higher voltage than the positive.

It seems rather remarkable that the distinet breaks shown in
Mr. McEachron’s curves for negative figures come at the same
point of wave front for all voltages. There seems to be no ex-
planation why there should be such an abrupt brealk in a phe-
nomenon of this sort. Is it not possible that this was caused by
the change in the type of circuit used when going from the long
to the short wave fronts?

As to accuracy, I cannot help but feel that a great part of
the variation in the figures is due to applied voltage. My
reason for believing this is that when a potential was impressed
on six terminals in parallel usually no measurable difference
could be detected in the figures. We found, as Mr. McEachron
did, that an occasional freak figure would appear. This would be
perhaps 50 per cent smaller than it should be, never larger.
However, such a picture would occur in less than one per cent
of the tests and therefore does not throw a great amount of
doubt on conditions found from tests over any appreciable
length of time.

I would like to ask what degree of accuracy is possible with the
cathode ray oscillograph. I noticed in some of Mr. Lee’s work
that the width of the zero line of an oscillogram was sometimes
20 per cent of the maximum deflection. I would also like to ask
whether or not successive oscillograms taken with the same
circuit with the same settings were identical in all respects.

It is desirable, of course, to lmow the accuracy of any instru-
ment we use and therefore any work done to determine this is
valuable. However, extreme accuracy in a surge recorder is not
necessary. I believe it will be agreed that the operating engineer
is interested only in the order of magnitude of the surge voltages
on his line. Any instrument which will give this within 25 per
cent is sufficiently accurate for practical purposes. I am con-
fident that the accuracy of the klydonograph is well within that
margin—within the frequencies present in actual lines. These
frequencies range from one microsecond to a few hundred micro-
seconds. I do not believe that we need worry about wave fronts
steeper than one microsecond. Our tests have strengthened
this belief.
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(DiscussioN AT SaLT LAKE City)

Joseph Slepian: The klydonograph is the only practical
graphic surge recorder available at present, and its growing use
is bringing us a wealth of information about abnormal voltages
occurring on lines in practise. The proper interpretation of the
figures obtained, therefore, is of highest importance, and Mr.
MecEachron is to be commended for his painstaking study of the
relation between the figures and the surges which produce them.

As Mr. McEachron says, in spite of the interest which has been
aroused by these figures, no adequate theory of them has yet been
developed. However, there are a few facts which have been
well established and which may be used in interpreting such data
as Mr. McEachron presents.

First, we can be sure that the figures are produced by the high
electrostatic stress in the air immediately adjacent to the film.
Undoubtedly, the primary cause of the figures is some sort of
electric discharge in the air. We know this because if a gas other
than air is used or if the air pressure is changed, the figures are
changed very radically both in appearance and size.

Second, we know that the figures are formed with extreme
rapidity, in less than 1072 seconds. In fact, the figures have been
used to measure times as short as 107! seconds.

Now if the figures are produced by stress in the gas next to
the photographic film, and in such very short times, it seems to
follow inevitably that the figure size must accurately depend
upon the peak stress in the gas, irrespective of the shape of the
surge producing this stress up to the fastest surges with which
we would be interested in practise. If, however, the figure size
does vary under different circumstances with constant peak
surge voltage in the line, it must be only because the peak stress
in the gas does not bear a constant ratio to the peak voltage in
the line. Such a variation in the ratio of stress in gas to line
voltage is only to be expected if the electrostatic system in the
neighborhood of the electrode on the plate is considered. It is
evident that the electrostatic field at the electrode end will be
determined not only by the voltage on the electrode but also by
the dielectric properties of the glass, and by the surface electrical
conductivity of the film. Evidently for extremely low frequen-
cies, the surface conductivity of the film will play a significant
part, and will operate to reduce the stress in the gas. Hence for
these lower frequencies, from perhaps a thousand cycles down-
wards, the figures will come out too small. This agrees with
Mr. McEachron’s findings. For higher frequencies, however,
the influence of this surface leakage should be negligible.

If there is any systematic variation in size of figure with
frequency for highor frequency then this is to be attributed to the
dielectric properties of glass under single impulses.

I do not believe that Mr. McEachron has proved that there is
a systematic change in figure size with frequency for the higher
frequencies, even for negative figures, for which Mr. McFachron
shows the greatest per cent variation.

Examining Mr. McEachron’s Fig. 6, and considering only
those points to the right of, say, his 10-volt per microsecond
ling, we see that it is extremely hazardous to draw any kind of
straight line through the points. The upward tendency of the
lines which Mr. McEachron has drawn is largely due to his
ineluding low-frequency points on the lines. However, I
believe it is erroneous to assume that the undoubted upward
tendency of the points at low frequencies exists also at the high
frequeneies. 1If, as is likely, this offect is due to surface leakage,
it will disappoar at the higher frequencies. 1 suspect that we

have here an erroneous extrapolation of the effect of surface
leakago.

All that we may eonclude from Mr. McEachron's points at the
right of hig Fig. 6 is that he obtained considersble variation in
the figuro size. I have plotted theso points of Mr. McRachron on
a sort of shot-gun diagram, and find that for a given figure size,
the oxtremos of voltage differ by 33 per cont from their average.
This, thon, would be maximum error for practically occurring
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surges if the arrangement of Mr. McEachron were used in a
klydonograph.

It is interesting to compare this result with the results obtained
by Westinghouse engineers. Mr. Peters, in his early work with
photographic plates, found that the figures produced simulta-
neously by asingle surge, on a single plate, never differed in size
among themselves by more than five per cent. When the figures
were produced on different plates, differences as much as 15 per
cent were found occasionally. When figures were produced by
successive discharges from the same condenser cireuit, Mr.
Peters also found variations which he was led to attribute to
variation in the surge voltage. -

The character of the discharge in a short-impulse circuit is
affected greatly by the state of the initiating spark-gap, and Mr.
Peters believed that variations in the surge voltage due to the
varying state of the initiating spark-gap caused apparent varia-
tions in figure size. .

On this account, therefore, I would like to ask Mr. McEachron
whether an oscillogram was taken for each point shownin Fig. 6,
and if not, whether some of the variability was not due to the
discharges not repeating accurately.

1 would like to ask Mr. McEachron about the nature of his
voltage-dividing system for the Dufour oscillograph, which is
indicated as being a resistance potentiometer in Fig. 3, and
particularly whether, for the very steep wave fronts, the capacity
to space of these resistors might not cause the oscillogram to
fail to portray the voltage on the Lichtenberg-figure electrode.
Also, I would like to know whether these resistors contributed
to the damping out of oscillations at the oscillograph, and if so,
whether these oscillations might not still be present at the
Lichtenberg-figure electrode.

Herman Halperin: It appears to me that Mr. McEachron
deserves great credit for his exhaustive calibration of the Lich-
tenberg figures. Theso figures, as recorded on the commercial
device known as the klydonograph, have been used in investi-
gating transient voltages on several large systems during the past
few years. There has been considerable discussion as to the
frequency of surges on transmission systems, and the nearest
that we could come to the nature of the surges up to this time was
to use the klydonograph figures and estimate whether the surge
was “fast” or “slow.” Now from the data given in Figs. 5 and 6,
it appears that a much more definite idea can be obtained of the
steepness of the surges that occur on commercial transmission
systems.

The figures obtained in the experience of the Commonwealth
Edison Company on its 12-kv., 60-cycle, underground cable
system showed that the surges were of the upper range of Type
II. Its experience also indicated that most of the surges re-
corded were positive in nature. The probable reason for this is
that when a negative surge occurred, the length of the figure was
so small that it was covered by the line made on the klydono-
graph plate by the positive alternations of the normal 60-cycle
supply. As shown by Mr. McEachron's paper, the positive
fizures are several times as large as the negative figures foragiven
voltage. This meant that a negative surge would have to be
several times normal voltage in order to be found. The ex-
perienco of the members of the various companies represented
on the A. E. 1. C. Subcommittee on Transients on Underground
Cuble Systerns showed that the highest three per cent of the
transient voltages on underground systems wero 3.0 to 4.7 times
normal operating voltage. It appears from the paper that the
negative surges of even three times normal operating voltage
would be covered by the figures caused by normal operating
voltage of tho positive polarity.

P. B. Garrett: It was my privilege to take a small part in
the practical tests which were made on the system of the Southern
California Edison Co. with the klydonograph. My primary
interest in the Lichtenberg figures, therefore, lies in the practical
knowledge which has resulted from their use.
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From the studies made by Westinghouse engineers, it was felt
that the klydonograph wassufficiently accurate, within the range
of surge frequencies encountered in practise, to make it an
entirely feasible and practical instrument for system studies.
We felt it to be accurate within 25 per cent and it is particularly
gratifying to find that Mr. McEachron’s very thorough investi-
gation bears this out. I believe that Figs. 6 and 7 in Mr. Me-
Eachron’s paper indicate very clearly that the figures produced
within the practical range of frequencies are well within the 25
per cent error just mentioned. In fact, these figures show in
some cases an accuracy within approximately 10 per cent in the
negative figures and considerably less in the positive figures.
In this connection, it seems a happy circumstance that by far
the greater number of the figures encountered in our practical
tests were positive in nature. We know of no very good reason
why this should be true, but it nevertheless is the case. The
negative figures being so much less satisfactory to deal with in
every way than the positive figures makes us very gratetul for
the positive figures we find in such large majority in practise.

K. B. McEachron: In conducting this investigation every
care was taken to insure reliable results, many of the figures at the
different wave fronts being checked several times.

The films used were not subjected, for this particular study, to
any conditioning process either to increase or decrease the mois-
ture content, as this would introduce a condition different from
that usually found in practise.

The reference made by Mr. Cox to the lack of clearness of the
negative figures compared with those obtained in the tests he
made, can probably be best explained by stating that the in-
creased clearness of figures seems to be due to the presence of
oscillations on the wave front. The statement in the paper about
this point is to be found in the last paragraph before the
conclusions.

The experience of myself and those associated with me is that
it is extremely unlikely that any impulse circuit producing
impulses having fronts of the order of one microsecond will not
be free from oscillation unless some proper oscillographic device
is used to guide one in improving the circuit.

It seems likely that the reason why the switching surge is
usually positive is because in a damped oscillation the negative,
although occurring first, is obscured in many cases by the larger
positive figures even though the positive lobe may have a much
smaller amplitude than the negative.

The abrupt change in the negative figures with slow waves
mentioned by Mr. Cox has not been accounted for as yet. With
such slow waves, it seems doubtful that any circuit changes
could have any effect when the voltage and time relations
are known in every case. The circuit can only have an effect
when it modifies the wave front.

Concerning the accuracy of the cathode ray oscillograph
there is much to be said, but I am satisfied that for the results
given in this paper the voltage is within five per cent and the time
within one per cent of the correct values. The width of the
trace on the photographic film is not troublesome as shown
by the oscillograms given in the paper, the traces being as good
as with the ordinary oscillograph, and frequently much finer
and sharper lines are obtained.

It is true that successive impulses from the same circuit differ
frequently, but since oscillograms were taken of every voltage
application the changes in voltage and time relations could always
be properly evaluated.

Dr. Slepian’s discussion of the stress conditions in the air is
interesting and agrees with our own analysis. I do not agrese,
however, that it is proper to consider only data beyond a certain
arbitrary point such as the 10-volts per microsecond point in
Fig. 6 without having experimental evidence to establish the
existence of such a point. It is recognized that when dealing
with Lichtenberg figures a curve or line drawn represents averages
only, and that the true calibration is not a line but a band whose
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width is sueh that practically all the points fall within its
boundary.

Dr. Slepian raises the same question as that asked by Mr. Cox
as to the possibility of variation in succeeding impulses. The
answer is the same, 7. e., an oscillogram was taken for each of the
Lichtenberg figures.

It was early recognized in dealing with transients that stray
capacities even of extremely small values could not be neglected.
To make the dividing system function correctly without being
dependent upon wave front it has been necessary to introduce
proper compensation. The possibility of oscillations of dis-
turbing magnitude existing between the dividing system and the
surge recorder is rather remote because this possibility along with
many others was foreseen and oscillograms were taken to determine
whether or not such oscillations existed, and if found, the circuit
was redesigned until the oscillations became small enough to be
negligible.

SYMPOSIUM ON DIELECTRICS AND POWER-
FACTOR MEASUREMENTS

(Wmiteneap!, Curtis?, Hansox?, Lee*, MarBUrRY, DoYLE
AND SALTER®, Smvons aNp Brown®, St. Craimr’, Korwex-
HOVEN aND BEeTz?%)

Nriscars Farus, N. Y., May 26, 1926

P. L. Hoover: I should like to discuss briefly power-factor
measurement in connection with bridge methods. There may
be some doubt as to the accuracy of any bridge in measuring
power factor, for, as Mr. Lee has pointed out, power factor is the
ratio of the total power loss to the product of the voltage and the
current. Now if a tuned vibration galvanometer is used for
detecting the balance point of the bridge, only the losses due to a
single frequency and not the total losses are measured. For-
tunately in most cases the error that is introduced in this con-
nection is probably very small and negligible. Nevertheless,
most a-c. bridges cannot be regarded as precision power-factor
bridges, since the power-factor balanee is so critically dependent
on an accurate capacity balance. For instance, with the Wien
or the Schering bridge, if the capacity balance is off by one per
cent the power factor may be off by as much as 50 or 100 per
cent. Experimentally this means that the capacity balance must
be made to a much greater precision than isrequired for the power
factor. Such an experimental condition is to be avoided if
possible.

A new type of bridge which is in use at the Harvard Engineer-
ing School and which was described recently before the Institute®
avoids this difficulty. In this new bridge, a mutual inductance
between the galvanometer circuit and one arm of the bridge
measures the difference in phase of the two sides of the bridge
so that the mutual inductance may be calibrated directly in
power factor. Furthermore, with this new bridge the power-
factor balance is not so critically dependent on an accurate
capacity balance and it may thus be regarded as a precision
power-factor bridge.

E. W. Davis: The problem of making dielectric loss measure-
ments on reel lengths of cable as a part of routine testing in the
process of the manufacture of a cable requires a method of great
simplicity and of an accuracy equal to that of the knowledge of
the variables involved. The use of direct-deflection wattmeters
from the above point of view offers one of the simplest metheds
of making such measurements.

E. Journar, December 1926, p. 1225.
E. JournaLr, November 1926, p. 1084,
E. JoUuRNAL, August, 1926, p. 719.
E. JournaL, August, 1926, p. 746.
E.JouRrxaL, June 1926, p. 556.
E.JourxaL, June 1926, p. 524.
E. JournaAL, August, 1926, p. 729.
E. E.JourNaL, July 1926, p. 652.
Ionization Studies in Paper-Insulated Cables. C. L. Dawes and
.Hoover. JournaLA.I.E.E., April, 1926, p. 337.
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Two direct-deflection wattmeters recently developed for this
service have been thoroughly tested and found satisfactory. ‘

One of these meters is of the single-pivot type with no damping;
the other, of special suspension construction wherein jewel and
pivot friction losses have been reduced to a minimum. The
constants of these instruments have been obtained to a great
degree of accuracy and have been found to remain constant
over the range of operation of the meters. Both meters ha.v.e a
very small phase angle between the current and potential circuits,
an angle considerably smaller than is ordinarily found in com-
merecial instruments. One of the meters is designed with an
inverted scale so that while the maximum reading is 0.2 watt, a
minimum of 0.01 watt can be read easily and aceurately. Checls
measurements made between these instruments and an Irwin
dvnamometer, usually used in such tests, show the existing
errors to be negligible. Results of tests on hundreds of reel
lengths in our factory check very satisfactorily with tests made by
more complicated methods in our laboratory.

The lack of suitable standards for the ealibration or checking
of various dielectric-loss sets has for some time been appreciated.
Attempts are being made to construct or use suitable standards of
glass or similar material. The use of such standards does not
seem to promise high precision of determination of accuracy,
but for the present the acouracy may be sufficient.

By use of the same cable sample and very careful determina-
tion and control of temperature, duration of application of
voltage and mechanical handling of the sample, ets., we have
checked three separate methods (two dynamometer and one
bridge method) and found them to give results within five per
cent of each other. This of course is not high precision but for
the present seems to be sufficient.

The calorimetric method of checking dielectric losses discussed
by Mr. St. Clair offers a wide field for investigation, but the
chances of error aregreat and the complication and time required
reduce it to a very special laboratory test.

The use of identical samples and various series-multiple con-
nections of them does not work out very well in practise due
to the impossibility of obtainingeexactly identical samples, which
of course means uneven distribution of voltages for the various
series connections tried.

The paper by Mr. Hanson on the ‘““Accuracy Required in the
Measurement of Dielectric Power Factor” offers too much
material for adequate discussion at this time. With the tre-
mendous variation of the thermal and electrical constants of
insulating materials and with the still greater variation of the
thermal characteristics of the medium in which the cable is
installed, it is rather difficult to conceive why such great ac-
curasy in the power-factor measurement isrequired. Purely as
a laboratory measurement, such accuracy might be desirable.
As a factory routine test we do not believe that such accuracy is
necessary.

A dynamometer-wattmeter method of measuring dielectric
losses which is radically different from those discussed in this
series of papers, was suggested by Prof. Dawes, of Harvard, some
years ago and used for a short time in our laboratory.

In this method, the wattmeter and also the ammeter are in
the high-tension leads, enclosed in suitable metallic shields which
are placed on insulators. The shield for the wattmeter is made

sufficiently large to hold the compensating resistances and
capacitances.

The potential circuit is supplied by potential transformers,
the case of which is also on insulators and at line potential.
All leads are shielded as well as ends of the cable sample.

By this method, all leakage currents are eliminated or at least
prevented from affecting the meter readings. No run is neces-
sary to determine set losses. By grounding the high-tension
lead and the low tension of the potential transforiners supplying
the wattmeter through a second potential transformer, the poten-
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tial differences between coils in the meter is reduced to a
minimum.

I. M. Stein: I should like to suggest that a complete bibliog-
raphy be made a part of this sympositim. Some authors have
given references that they have used in their papers, but no one of
the papers gives a complete bibliography.

Mr. St. Clair’s talk of shielded resistances brought to mind a
recent publication of the Bureau of Standards. This is Scientific
Paper No. 516, “A Shielded Resistor for Voltage-Transformer
Testing.” The Bureau of Standards designed and has been
using for potential-transformer testing for a number of years, a
shielded resistance that should be of interest in some dielectrie-
loss measurements.

J. D. Stacy: I should like to discuss Mr. Marbury’s paper.
It seems to me that perhaps the measurement of dielectric loss
with the dynamometer wattmeter is largely a matter of applica-
tion detail in order to make it as feasible to handle by the or-
dinary test man as the method which Mr. Marbury uses.

We have used the phase-defect, compensation, dynamometer-
wattmeter method in the measurement of power factor of ca-
pacitors very successfully, making several thousand measure-
ments per year. The initial calibration of the instrument was
laboratory work involving the method described by Mr. St.
Clair. Our general results in the use of thisinstrument have been
very satisfactory.

Delafield Du Bois: What we need most is & means of judging
the merit of any given testing set, so that we may not only
determine if an installed equipment is satisfactory for its con-
tinued use, but may also determine the most satisfactory new
test set to install.

I can do no more than outline what such a measure of merit
might be in the hope that some one will perfect it.

In judging the merit of a test set there are three primary
considerations: accuracy, convenience and cost.

Obviously, accuracy must meet a certain minimum for com-
mercial testing, but greater accuracy than this is usually desirable.

Under the heading of convenience, many things may be listed,
but the most important are speed and the skill required to test.

Cost should include not only the first cost, but the cost of such
spare parts as might be necessary to carry in stock in order to put
the set back in service following a puncture of insulation during
test.

Accuracy, conveneince and cost may each be expressed numeri-
cally so that the sum of the three numbers will be the figure of
merit of the test set considered.

The simplest means of reducing accuracy to a number is by
establishing a standard test sample, such as the one Mr. Doyle
has constructed. If a test set can measure the power factor of
this test sample to within, say, B per cent accuracy, the
figure of merit for accuracy will obviously be a funection of B
such, for instance, as (C — B) D = A where C and D are well
chosen constants. The actual valuesof C and D to be aceeptable
will, of course, have to be worked out by conference.

To arrive at a figure of merit for convenience let E be the
time in man-minutes required to make two tests under widely
different conditions. Then the figure of merit for convenience
will be a function of E,suchas (F— E)G = H.

If the skill required by the tester is greater than that of the
usual laboratory assistant E should be corrected in proportion
to the increased cost of testing.

If the number of tests per day can be estimated, cost can be
reduced to a fixed charge per test. This can be expressed in
equivalent man-minutes, and the figure of merit for cost I
would be a function of these man-minutes similar to that used in
determining the figure of merit for convenience.

If the constants C, D, F and G are well chosen, then 4 4+ H
+ I = M will express the merit of the set.

This is only a suggestion but I believe it expresses an actual
need.
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Brian O'Brien: [n olussifying dioleotrio losses is it desirable
to distinguish between (1) uormal conductivity and (3) anome-
lous eonductivity? The welght of evidence would {ndicate that
no measurable electronie eonduetion similar to metallio condye-
tion ocours in dielectrios, and that all conduction here is of un
eloctrolytio characoter, that i8, jonic, even wheu the conduetion
obeys Ohm's law. If this be true, the distinotion between class
(1) and olass (3) lies only in the magnitude of the disturbing
factors whiel cause departures from Ohm's law. If such a
distinetion is useful for the practiocal treatment of the subject, it
might be well to emphasize the fact that the two losses are prob-
ably identical as regards the fundamental phenomena.,

Granting that no measurable hysteresis effect oceurs in dielec-
tries in the sense of a lag in polarization independent of time as
found in magnetic materials, and that thus no permanent polari-
zation of the dielectric as a whole will, in general, exist, this
does not necessarily exclude the possibility of permanent polari-
zation of the molecules of the dielectric. Kelvin and others have
shown that such a polarization may exist without manifesting
itself as a polarization of the whole dielestric. Therefore in
dismissing dielectric hysteresis this possible molecular polari-
zation and its effects on other forms of loss, such as absorption,
must not be overlooked.

N. L. Mordan: Mr. Lee referred to the method of measuring
dielestric loss by the use of the wattmeter and the water-tube
multiplier. We have been using this method since 1917. The
water-tube multiplier which we have been using consists of a
straight quarter-inch glass tube about five ft, long and fitted with
short brass tubes for making the taps. The ratio of the taps is
1,2 and 4. Sufficient common salt is dissolved in the water to
obtain the most convenient conductivity.

The form of the water-tube resistance used by Mr. Lee, I
understand, was of the coiled-hose type used by Ryan and others.
Ithink that the form of the resistance may be the reason
why the check tests shown in Figs. 6, 7, 8 and 9 do not
agree. In this resistance, I assume that the hose is coiled.
There is an appreciable capacity between turns, and the capacity
current passes through the potential coils of the dynamometer.
The resistance is shielded against capacity to ground, but not
against capacity between turns. This would also account for
the large discrepancy between the curves of Figs. 8 and 9 obtained
by using the full resistance and a portion of it respectively.

In the circuit I am using, the variation of the resistance of the
multiplier with temperature is of no consequence. An ammeter
is placed in this circuit and this current and the line voltage are
observed at the time of reading the deflection of the dynamom-
eter. Then variation of the multiplier current can be placed
in the equation of power, which is

W=KDE]/a

]

where

= power

= aconstant

deflection of dynamometer
time voltage

= current in the potential circuit

We have not found that shielding of the watcr-tube against
capacity to ground is necessary on cable of greater lengths than
five ft., if grounded metal is not closer than three ft. to the
resistance.

The accuracy has been very good. We have sent cables to
various laboratories and they have checked within close limits.
As for convenience, a man can take five readings in about ten
minutes. The parts, outside of the transformer and dynamom-
eter, cost about 20 cents.

I should suggest that when using this method the potential
coil be compensated for eddy currents as deseribed by Rosa in a
bulletin of the Bureau of Standards, otherwise the constant K
will vary with the line voltage E. I should suggest also that
when determining the constant of the dynamometer, alternating
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ourrent be used jnstend of direot. 1 think that with ithese
procautions and proper shislding of the dynamometer agd low-
tension leads this moethod of measuring dicleotrie loss is sufi
olently ncourate for commeroin] testing.

R. Notvest: Ip conncetion with Dr. Whitehead's paper it
seems to me that in describing the prooess.of deterioration of
composite dielectries, the tondenecy prevails to Investignt
symptoms only and to pay little uttention to the primary enuse.
In other words, all hus heen concentrated upon the heuating
effect and gaseous ionization which are secondary phonomena
only when eertain investigations led to the belief that o piezo-
electrio effeot is the primary cause.

Vory little work has been done in this field. Madame Curie
has been the pioneer; also the 1919 A. 1. E. &, TraNgicTiONs
contain a very valuable paper on the subjeot by A. M. Nicholson

of the Western Elcctrie Co.

It is a fact that practically all insulation materials, with the
excoption of glass (an undercooled colloidal liquid) contain more
or less erystalline substances. This is true of the many grades
of porcelain, marble, lava, soapstone and slate. The multitude
of synthetic insulation materials consist mainly of an electrie
inert mineral filler embedded in a plastic or semiplastic matrix
of either a natural or artificial gum of the phenol-resin type.
Any crystalline substance subjected to a mechanical stress will
produce a potential parallel to an optical axis and when sub-
Jected to an electrostatic stress, will develop a certain amount
of kinetic energy at right angles to the direction of the stress.
Since there is a tremendous quantitative difference in the value
of the piezoelectric effect of the various mineral substances
utilized for insulation ‘materials, in some instances the effect
can be identified only through a superfine and tricky arrange-
ment of the means of observation; yvet a Dpiezoelectric effect
contributes to the deterioration of the paper insulation of power
cables since cellulose always contains a certain amount of Si0.,
silicie aeid.

Under the direction of Dr. Booth of Western Reserve Uni-
versity, I have spent considerable time within the past few years
in investigating this problem a,gd hope to be able to present a
Paper soon covering the subject.

The matter can be expressed as follows. Whenever an in-
sulation material is of, or has in its structure, crystalline sub-
stances, it is subject to a piezoelectric offect. Where such
crystalline substances are embedded in a plastic or semiplastic
matrix and exposed to an electrostatic stress, the individual
crystals have a tendency to reorient themselves so that some
optical axis (the one having the highest piezo effect) is at right
angles to the direction of the potential pressure. When the
direction of the electrostatic stress changes rapidly, a gradual
microscopical opening of the structure takes place, increasing the
amount and volume of voids and through molecular friction
and the emission of charged particles from the crystals them-
selves, ionizing the occluded or infiltrated gases which in time
causes the mechanical rupture and breakdown of the specimen.

J. B. Whitehead: We have had in foregoing meetings a
number of excellent papers on the quadrant electrometer as a
high-tension wattmeter. We have two such papers in this
program, but the greater number are devoted to the electro-
dynamometer wattmeter. I have worked a great deal with the
former, and have found it of great value and accuracy above a
certain value of phase difference; but in the very low range, it
suffers the serious disadvantage that the fractional value of
voltage on the needle introduces a phase error, troublesome to
determine and to eliminate. While I have not worked exten-
sively with the electrodynamometer, it would appear that it is
subject to the same type of error, as well as others of electro-
magnetic character, in the voltage circuit.

I have been working recently with the Schering bridge, and I
prefer it to all other methods for the measurement of very low
loss and power factor at high voltage. 1t is very rapid and the
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possible errors are easy to detect and to eliminate; they a.,rise
principally in neutral capacity between the two sides of the bridge
and to ground. Errors.of this type are easily found and suitable
screening will eliminate them. Particular attention must be
given to the use of guard electrodes for both the sample under
test and the air condenser, and to a sereening system maintained
at all times at the same potential as the test electrodes. This
may readily be accomplished by resistance in the ground con-
nection of the guards and their screening systems. Too little
attention has been given to this source of error. I have found,
for example, that 1200 ohms in a certain case was necessary in
the guard-to-ground connection to ensure equality of potential
with the test electrode. This connection in many cases is made
directly to ground. In the case mentioned, a change of 100 ohms
in 1200 was sufficient to unbalance the bridge. The principal dis-
advantage of the method is the requirement of a high-voltage
air condenser, the capaity of which, for best aceuracy, must
increase with the capacity of the specimen to be measured.
Thus the Schering bridge in its simple form is not suited to the
measurement of the loss in long samples of cable. With a
suitable air condenser and for relatively short cable lengths it
possesses very great advantages.

Referring to Mr. Lee’s historical review of the use of the elec-
trodynamometer wattmeter, I wish to point out that in 1891,
when I entered Rowland’s laboratories, I found that in collabora-
tion with Prof. Louis Duncan, he had developed a number of
types of electrodynamometer, and was at that time investigating
the value of the instrument for the measurement of dielectric
loss. In a subsequent paper in the American Journal of Science
he described a number of valuable methods for its use. Row-
land’s instruments were subsequently developed and sold by a
well-known firm of manufacturers of electrical instruments.

H. L. Curtis: I should like to ask Prof. Kouwenhoven if
the resistance of the battery in the electrometer method is
negligible. It seems to me that in the final analysis it
would have to be mentioned.

Mr. Hoover, in speaking of the bridge methods, stated that by
a mutual-inductance method the sensitivity obtained in measur-
ing the out-of-phase current was greatly increased. I regret that
there are not a number of papers at this meeting on bridge
methods. The bridge methods have much in common, the only
difference being in the manner of making the adjustments. In
all bridges it is necessary to vary the magnitude and phase of the
current in one arm. What it amounts to is that the potential
at the terminals of galvanometer is the same at each instant.
There are a number of ways by which this can be accomplished.
The Schering bridge has been used lately somewhat. This
varies the phase by varying a condenser in parallel with the re-
sistance in one arm. The adjustment, however, can be accom-
plished just as well and quite as conveniently by using the Rosa
method where an inductance is in series with the resistance.
The compensation can also be accomplished by putting a resis-
tance in series with the condenser, or by a variable mutual
induectance properly placed.

I cannot see that with any of these bridge methods or with
the electrodynamometer method you are going to get away
from the fact that you have to compensate for the magnitude
of the current as well as its phase. If you try to avoid compen-
sating one of these, you throw the burden on some other measure-
ment. I also don’t see that by using a mutual-inductance
method you are necessarily going to gain in sensitivity over what
you would obtain by any other method.

Mr. St. Clair mentioned the question of using two condensers
in series as a check on the accuracy of measurement. I have
always found that a very unsatisfactory method. It may work
if you are using very large condensers where you can get them
close together in value of capacitance and where the capacitance
to ground is relatively unimportant; but with small condensers,

DISCUSSION AT NIAGARA FALLS

1291

the method of checking by using two in series is something which
I have always found extremely difficult and feel that the check
would be less satisfactory than some of the direct measurements
which might be made.

There is one point in connection with Dr. Whitehead’s sug-
gestion about the potential of the guard plate of the condenser.
It is essential that the potential of the guard plate and the guarded
plate shall be the same at every instant. Generally, this con-
dition is very closely approached by using a resistance between
the guard plate and the earth, but if for any reason a phase angle
isintroduced in the measuring arm, an equal angle must be intro-
duced also in the compensating arm.

C. F. Hanson: The particular phase of Mr. Lee’s paper
which I wish to bring to your attention is in regard to shunts
generally supplied for use in connection with the dynamometer
wattmeter.

The use of a shunt in measuring the power factor of a sample
of cable 10 ft. long is not necessary, but it is necessary in measur-
ing the power factor of a cable 500 ft. long, particularly if the
same wattmeter is used for both jobs. The charging current of a
500-ft. cable may be of the order of one ampere corresponding to a
voltage of 100 volts per mil, whereas the charging current of a
10-ft. sample of another cable may be only 0.002 ampere corre-
sponding to a voltage of 40 volts per mil. A wattmeter which is
sufficiently sensitive to measure power factor when 0.002 ampere
is flowing, will not have sufficient current capacity to measure
power factor when one ampere is flowing. A shunt is therefore
necessary.

A shunt is usually constructed of two resistances and a ca-
pacitor of convenient dimensions. The capacitor is connected
in series with the current coil of the wattmeter. The first resis-
tance is connected in parallel with the capacitor. The magnitude
of this resistance and the capacitor is so chosen that the current
coil cireuit behaves like a pure resistance at a given frequency.
It is then a simple matter of connecting the second resistance,
in the form of an Ayrton shunt, across the current-coil eircuit
containing the shunted capacitor.

The combination of the shunt and wattmeter coil may have a
resistance of approximately 200 ochms when the shunt is set on
10, and 20 ohms when the shunt is set on 100. In other words,
with a shunt setting of 10, a resistance of 200 ohms is connected
in series with the cable and in some cases the error introduced
may amount to 0.002 in the power-factor reading. With a shunt
setting of 100 the error is only 0.0002 and is of no significance.
The shunt settings chosen in this case typify those which might
be used in an ionization test (the increase in power factor as the
voltage stress is increased from 20 volts per mil to 100 volts per
mil). Usually, by acquainting himself with his power-factor
apparatus, the operator can avoid the foregoing error to a great
extent if he exercises diserimination in the choice of his shunt
setting. . .

One difficulty with most shunts is that the resistance coils in
them are not provided with sufficient means for dissipating heat.
This deficiency usually results in extraordinarily rapid deterio-
ration.

The paper by Messrs. Doyle and Salter states that, in the case
of three-phase measurements, they carefully control the voltage
on a particular phase at the time when power factor is being
measured on that phase. This voltage control does not eliminate
a phase error, referred to in Appendix IV, which arises from
inequality of voltage on the three phases. A similar error arises
under two other conditions. The first is the condition of less
insulation thickness on one conductor than on each of the other
two, even though equality of voltage exists on all three phases.
The second condition exists when the voltage vectors of tho three
phases are not equally spaced by 120 deg., even though the
magnitude of the vectors may be equal and the insulation of the
three conductors may be the same.

In Fig. 1 herewith are shown the vector relations between
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charging currents flowing in the cable and the voltage applied
to each conductor. The three voltage vectors are equally spaced
at 120 deg. and the cable is symmetrieal including equality of
insulation thickness on the three conductors, The ecable is
considered to have zero power factor, The vectors E, and E,
are of equal magnitude but E. is greater in magnitude. In
other words, transformers N. 0. 1and No. 3 are supplying voltages
of equal magnitude but transformer No. 2 is supplying a voltage
of greater magnitude.

Fig. 1 is shown for a Y-connection of the supply transformers.

Fic. 1—TraE VECcTOER RELATIONS OF CURRENT axD VorTagEs
IN a TEREE-CoNDUCTOR CABLE WHEN It Is CoNNECTED TO 4
Taree-PHase, Y-CoNNECTED TraNgPORMER Baxk

The common point of the transtormers is connected to the sheath
of a threeconductor cable and to earth. The high-voltage
terminals of the transformers are each connected to a conduetor
of the eable. The various vectors shown are as follows:

E, is the voltage to neutral on conductor No. 1.

E. is the voltage to neuntral on eonductor No 2.

E. isthe voltage to neutral on conductor No. 3.

11-s 15 the charging current flowing from conductor No. 1

to sheath.

i1 is the charging current flowing from conduetor No. 2
to sheath.

;s is the charging current flowing from conductor No. 3
to sheath.

E._; is the voltage between conduetor No. 1 and conductor
No. 2

E. s is the voltage between eonductor No. 2 and conduetor
No. 3.

E, i is the voltage between conductor No. 3 and conductor
No. 1.

is the charging current flowing from eonductor No. 1
to conductor No. 2.
is the charging current flowing from conductor No. 2
to conductor No. 3.
is the charging current flowing from conduetor No. 3
to conductor No. 1.
I, is the veoctor sum of i|s. &,_; and 1,_, and is the total
current flowing into conduetor No. 1,
Is is the vector sum of iy.s, 1s_, and 1,2 and is the total
current flowing into econductor No. 2.
I is the vector sum of i3, i,_, and 13—, and i8 the total
current flowing into conductor No. 3.
As the cable is considered to have zero power factor, the vector
1, should be in quadrature with the veotor E,. The quadmtm
position is shown by the dotted line. Fig. 1 shows that /, is
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less than 90 deg. ahead of E,. This condition exists because
the vector E, is greater than E, and E;, and indicates the error
that will exist in the power factor asread on conductor 1. As the
vector I, is in quadrature with the vector E: no error will exist
in the power factor as read on conductor No. 2. The error
of the power factor as read on conductor No. 3 will be of equal
magnitude as the error existing in the conductor No. 1 power
factor but of opposite sigm.

The dielectric loss as read on conductor No. 2 will be abnor-
mally high because the charging current I, is erroneously high.
On conduetor No. 1 dielectric loss will be abnormally high be-
cause of the erroneously high power factor. On the other hand,
on conductor No. 3 dielectric loss will be abnormally low because
of the erroneously low power factor.

InFig. 1of the paper by Messrs. Doyleand Salter the shielding
problem is considerably simplified if the ground is removed from
thelead sheath of the cable, and connected to the low-voltage ter-
minals of the transformers. Any current then leaking over the
transformer bushings and bus insulators will not flow through
the current coil of the wattmeter but will return direstly to
the grounded terminals of the transformers.

In their Fig. 2, the ground cannot conveniently be removed
from the lead sheath of the cable because it is not convenient
to connect the current coil of the wattmeter into the high-tension
lead from the transformer to a eable conductor. Therefore,
in this case, the transformers must be insulated from ground.
The case of each transformer should be connected to its low-
voltage terminal. Likewise, all metal shields of the insulators
of each bus should be connected to the low-voltage terminal of
the transformer respective to the bus. Currents leaking over
the transformer bushings and bus insulators will then return to
the low-voltage terminals of the transformers without passing
through the current coil of the wattmeter These precautions
are indicated in their Fig. 2 but hardly with sufficient clearness.

E. S. Lee: We have been told that there are no standards
for these measurements. The question then is, how do we know
We are accurate when we obtain a value?

In the General Electrie Company, we used the dyramometer
wattmeter first and obtained certain values. We had an op-
portunity to compare these with others observed more or less
directly and they looked about right. Then we set up a Schering
bridge and a year ago I reported our results. At that time I
said that with the usual observers day in and day out we would
check in general within about 0.002 on power factor, that is,
0.20f one per cent. But we might expect at any time a difference
of perhaps 0.004.

I always have wanted to see if we could not use some other
method. In the paper he presented Mr. St. Clair told
you of a calorimetric method which was used by himself
and others in standardizing measurements made on capacitors.
This was not an easy problem, either. It seems that there are
difficulties at 2500 to 3000 volts, just as there are at the higher
voltages.

From this work, it was found that the calorimeter method
ennbled these measurements ag carried on in different labora-
tories to be standardized. Thus it occurred to us to apply
similar methods to eables.

Two pieces of three-conductor cable, each 35 ft. long, were
placed horizontally in a closed box as represented diagrammati-
cally in Fig. 2 herewith. The box was 21 ft. long enclosing the
central portion of these lengths.

Thermoocouples were systematically placed along and around
the sheaths of the cables over an 8-ft. length, the ““hot” junotions
being placed on one cable and the “cold” junctions on the other.

With copper-ideal thermocouples and a galvanometer of sensi-
tivity 6.5 x 10~ amperes per millimeter deflection at one meter
scale distance, it was found that by using nine thermocouples in
series for each unit, a temperature difference of 1/75 of 1 deg. cent.
between the sheaths was indicated by a deflection of one cm. on
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the galvanometer scale. In watts, this means that one cm.
deflection indicated a difference of power dissipation of 0.005
watts per ft. )

Measurements were made by applying three-phase potential
to one cable, and circulating direet current through the condue-
tors of the other cable until there was thermal equilibrium with
the same sheath temperature as indicated by zero deflection of the
galvanometer. The d-c. watt input was then caloulated and
considered to be equal to the dielectric a~c. power loss.

At this time we have only completed one test, the results of
which are shown in Table I.

There are three tests: Nos. 1, 2 and 3.

The values of three-phase power loss calculated from single-
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Fig. 2—SCHEMATIC DiascraM SEHOWING LAYoUuT FOR DETER-
MINATION oF Dienzctric Power Loss 1N CABLES BY Con-
PARISON OF HEATING

phase measurements in watts per foot are: 0.266, 0.276 and
0.275, or an aserage of 0.272.

By comparison of heating, the measured power loss in watts
per foot for tests Nos. 1, 2 and 3 are: 0.297 which compares with
0.266; 0.289 which compares with 0.276; and 0.280 which com-
pares with 0.275. 'The average is 0.282.

The differences are a little larger on the individual tests, but
the average gives 0.272 three-phase power loss, calculated from
single-phase measurements as against 0.282 by comparative
heating, a difference of not quite four per cent.

Of course, if the watts check, the power-factor values should
check. The value we obtain by taking an average of the results
obtained in the three-conductor high measurement and the one-
conductor high measurement, gives a value of 0.74 per cent.
The power factor from the comparison of heating test was 0.72
per cent.

The voltage was a little bit higher in the comparison of heating
tests: 36.0, 35.8 and 36.2 kv.

The results of these measurements are: first, our method of
determining the power loss from three-phase supply from single-
phase measurements seemed to give correct results; and second,
that our standards in the outfit, our air capacitor and our method
of compensation and our method of determining the watt con-
stant evidently were quite correct.

The next thing we shall do will be to interchange the cables and
then test at other voltages.

The thing that appeals to me is this; that here is a set-up
that anybody can put up without very mueh trouble and be able
to satisfy himself very adequately, I believe, of the accuracy of
his own results by an independent method. The equipment is
not considerable, though the time required is quite long, one or
two days being required for each test.

Because of the most satisfying agreement obtained on these
first measurements with the dynamometer-wattmeter equip-
ment, it is our hope that other laboratories will provide similar
set-ups as a means both of checking their equipments and of
learning more eoneerning this method.

The results are satisfying to us, and I believe that in general
the method is simple enough so that it provides a satisfactory
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method which can be used by different observers in different
laboratories to satisfy themselves of the reliabiity of their results.

TABLE I

COMPARISON OF RESULTS
DETERMINATION OF DIELECTRIC POWER LOSS IN CABLES

Tests on three-conductor, 350,000~-cm. (Sector) Cable, 7/ 32in. by 3/32 in.
Treated Paper Insulation 1/8 in., Lead 15 kv.

A. By COMPENSATED DYNAMOMETER WATTMETER

Three-Phase Power Factor
Power Loss (Cal- Per Cent
culated from
single-phase Thrde- One-
measurements) | Cond. | Cond.
Test ‘Watts per FFoot High High Voltage Kv.
1 0.266 0.70 0.78 35.3
2 0.276 0.60 0.88 35.3
3 0.275 0.59 0.87 35.3
|
Average | 0.272 0.74 per cent
B. By CompaRISON OF HEATING
Measured
Power Loss
Test Watts per Foot Power Factor Kv.
1 0.297 36.0
2 0.289 35.8
3 0.260 36.2
Average 0.282 0.72 per cent

E. H. Salter: In connection with the paper presented by
Mr. Marbury on the resonance method of determining power
factor as a factory or control method, there is one point of im-
portance that has not been mentioned. By inserting a large
inductance in series with the condenser under test the measuring-
instrument is protected in case of a short circuit or of failure of
the condenser to stand the voltage.

Mr. Hanson has gone to great length to show what he terms the
limits of accuracy in power-factor measurements of high-voltage
cable. While a high degree of accuracy is desirable in such
measurements, it seems that the stress is being laid on the
wrong point when it is considered that two of the usual short
samples of cable taken off the same end or reel of cable may show
characteristics which differ by as mueh as 50 to 100 per cent,
while the variation over a line, miles in length, may be much
wider.

Mr. St. Clair suggested a method for checking dielectric-
loss-measuring equipments by securing four identical condensers
and after determining the characteristics of each, using series-
parallel combinations. In precision measurements of the
dielectric loss of condensers shielding and guarding play quite an
important part. In making series-parallel combinations proper
guarding would be difficult to obtain.

D. M. Simons: Mr. Lee’s calorimetric method of comparing
losses is of interest and should be of value. I think one warning
should be included, and doubtless Mr. Lee had this in mind.
Mr. Lee proved equality of losses in two cables by equality of
temperature rise. This is true only if the two cables have equal
thermal resistance from the sheath outward. The differences
in surface thermal resistivity of different samples of leaded
cable have been found to be great sometimes, though this effect
ghould be minimized by the small temperature difference in-
volved in Mr. Lee’s method. This possible error can be elimi-
pnated by the method Mr. Lee has proposed of interchanging the
a-c. and d-c. between the two cabhles, or it could be checked by
heating both cables with equal values of continuous current,
and proving equal temperature rises.

I should like to confirm Mr. Hanson’s conelusion of the neces-
sity for accurate determination of current-carrying capacity,
and especially the effeet of having a large number of cables in a
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duct bank with very high-voltage cables. 66,000-volt cable is
now in operation in two places with two circuits per duct bank.
I doubt if it would be economical to include another circuit
in the same duect bank, though it may be necessary in certain
special cases. Tor 132,000-volt cable, careful consideration must
be given in each case as to whether or not it is economical to use
more than one cireuit in a duct bank; that is, each circuit can
carry less power if two circuits are in one duct bank than if they
were in two separate duct banks. The gain in carrying capacity
obtained by using separate duct banks may be worth the cost of
one additional cornduit line.

Mr. Hanson’s figures show a rather dangerous condition of
instability of temperature in some of the higher-voltage cables,
particularly with large numbers of cables per duct bank. I do
not believe the actual conditions are as bad as shown; I am under
the impression that Mr. Hanson figured the temperature rise
based on the calculation of dielectric losses assuming a constant
power factor throughout the entire body of insulation. In an
actual single-conductor cable with thick insulation there is
usually a considerable difference of temperature between con-
ductor and lead, which means that the power factor of the entire
cable is by no means that of the layers of insulation near the
conductor, and therefore the actual watt losses may be consider-
ably lower than those used by Mr. Hanson.

As pointed out elsewhere, I believe the temperature rise of
conductor above lead due to dielectric loss should be figured in
terms of a constant power factor of the insulation at the maximum
conductor temperature. For the temperature rise of the lead
sheath above the duct structure and of the duet structure above
the original no-load temperature of the earth, the actual watt
loss in the cable should be used, ineluding the fact that there is a,
temperature gradient in the insulation. If this method of
caleulation is used, the conditions of stability shown by Mr.
Hanson will be probably more favorable.

A few years ago® Mr. Brown and I showed that the quadrant
electrometer could be used in a null method by bringing back the
deflection to zero by the insertion of a resistance in the lead to
the electrometer needle. If the initial deflection should be
“‘negative,” we had to adopt special means. Dr. Kouwenhoven’s
method is, I believe, a distinect improvement. He reduces the
* deflection to zero by the insertion of a continuous potential in
the needle circuit (as well as across the quadrants), but he has the
advantage of being able to reverse the polarity of the battery in
the needle circuit, and can thus use his method to balance de-
flections which are initially negative. I have not had an oppor-
tunity to try out his method, and do not know which of the two
is the simpler, but I am sure that all those who have used electrom-
eters will appreciate this new and valuable method of attack
suggested and worked out by Dr. Kouwenhoven.

B. W. St. Clair: I am in agreement with the comments of
Dr. Curtis about series-parallel methods of checking the voltage
accuracy of a test equipment, when the samples are of small
capacitance when compared with the capacitance of leads and
parts of the outfit to ground. With samples of appreciable
size where currents of milliamperes or amperes magnitude
circulate, I believe the method is an excellent one for checking
relative voltage accuracy. Aspointed outin the paper it does not
give a clue to absolute accuracy but does give a definite check on
the accuracy of the shape of the vo‘lta.ge—power factor curve of a
given test equipment.

I have been much interested in the self-contained instrument
for checking dielectric loss of reel lengths of cable that was
mentioned by Mr. Davis. In the design of one of these
we had to depart somewhat from the more usual portable-
instrument practise. Ordinarily a wattmeter is built to have
full scale deflection at about 60 per cent power factor at rated
current and voltage. Under these conditions it is possible to
have very good operating characteristics without excessive

5 TraNsacTiOoNs of A. 1. E. E., 1924, p. 311,
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losses. It is possible by sacrifice of torque and with increased
Potential and current-cireuit losses to build portable instruments
for operation at 30 per cent or even 20 per cent power factor.
To reduce this to the 1.5 per cent or 2 per cent necessary for cable
tests means at least a ten-fold increase in instrument sensitivity.
Reduection in operating torque below this 20-per cent point will
result in unsatisfactory performance from bearing friction, and
likelihood of trouble from stresses incidental to transportation.
Any attempt to retain a reasonable operating torque by the use of
greater ampere-turns on the armature results in increased arma-
ture weight or increased phase-angle corrections or increased
potential losses. For a given weight of armature there is a
minimum operating torque below which operation will be un-
satisfactory. The net result is that there is no compromise in
electrical characteristics possible with the standard bearing
construction. Two alternatives are possible; the use of the
monopivot construction or the use of a strip suspension that will
serve the dual purpose of torque member and supporting member
of the armature. I have preferred the latter method because it
completely obviates the bearing trouble that is almost neces-
sarily coincident with the rather heavy weights and low torque
of a well damped sturdily built armature, even in a single-pivot
construction.

The suspension arrangement is not a panacea for all instrument
failings and it does impose dquble duty on the suspension
members. Fortunately the development of special bronzes and
processes incidental to good spring characteristies has brought
forth sufficient knowledge of the limitations of such doubly
stressed material as to permit easy design for satisfactory
operation with exceedingly good electrical characteristics. The
dependability of such devices will be inferior to the more robust
double-pivot ones but will be satisfactory for checking losses
on a factory or routine basis.

I am a firm believer in calorimetrical methods of checking the
fundamental accuracy of a dielectric test outfit. Itisthe only
direct method I know that measures the losses in terms of some
physical quantity that is easily amenable to accurate measure-
ment. Thermal work of this sort requires a high degree of skill
and considerable patience. Itisa method that has been carried
to a high level of certainty and usefulness by biologists interested
In general metabolism work. It is quite customary for them
to make tests of heat output where the total heat flow is but a
very few watts with an error not over five per cent. I have
Seen many tests where the claimed error was less than two per
cent. It is possible that we could learn much from a survey of
their present methods and equipment.

C. A. Adams: This thermal-balance method of measuring
dielectric losses seems to me 3 very interesting onme. Mr. St.
Clair spoke of the difference between the location of the material
in which the heat is generated and the conductor material, and
Mr. Simons spoke of another possible error, the difference in
thermal conduectivity.

I feel sure that neither of these considerations affects the test
as outlined by Mr. Lee. When I saw that he had a long con-
ductor with various sections and that the flow of heat must be
substantially radial at the central section, it was obvious that the
relative thermal conductivities have no influence. The amount
of heat dissipated from the surface is dependent wholly upon
surface conditions. The heat is practically all dissipated by
convection, and at those low temperature differences is dependent
wholly upon the nature of the surface and possible obstructions.

The thermocouple leads may possibly offer some such obstruc-
tions, but apart from that, as between two lead sheaths, it is
quite unlikely that there will be any significant difference.

The question as to whether the heat is generated in the conduc-
tor or insulation has nothing to do with the case as long as the
heat flow is radial.

One of the authors spoke of the use of reactance in series
with the supply transformer for smoothing out the e.m.f. wave.
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Ten years ago when I was making tests on some 25,000-volt
cable in Boston, about five miles in length, where the charging
current was some 1600 kv-a., we used tliat method for two
purposes, to get double the transformer voltage on the cable and
also to smooth out the wave.

We heard a great deal in the old days about the danger of
resonance, but if you have resonance with the fundamental, you
are a long way from resonance with the harmonies. The re-
actanee in series; through the medium of almost infinitesimal har-
monic current, will absorb practically all of the harmonic voltages,
so that the actual voltage impressed upon the eable was practi-
cally sinusoidal, so nearly so in this case that it was impossible
to detect the difference on the oscillogram.

The reactance proved useful in another direction, since any
incipient failures in the joints which resulted in small transient
currents gave distinct knooks in the reactance. You could put
vour ear to the core of this reactance and hear every little spit in
the joints and there were a good many of them when the voltage
was 50,000, which was double the normal operating voltage of the
cables. That was some time ago when we didn't know as much
about making joints as we do now. But in one case we stopped
the test before failure and examined the junction boxes, 13 of
which were found smoking. They hada semi-liquid filler com-
pound through which these transient discharges had taken place,

Just one word in regard to this whole question of dielectric
phenomena. There are few who realize how differently we
employ words and what different meanings those words convey
to different minds. I refer to some of the remarks concerning
anomalous conduction. The fact is that we are dealing mostly
with the superficial side of all of these phenomena. We don't
know what actually is going on.

For example, take Maxwell’s theory or hy pothesis concerning
the absorption current. That is what you might call an equiv-
alent-circuit scheme and if it fits the facts it is very useful
And it may, as has been shown by Mr. Dunsheath, be trans-
ferable; that is to say, our knowledge of the absorption current
may cuable us to predict approximately what the diclectric
loss is going to be; but that does not prove the hypothesis to be
correct.

I think Dr. Whitebead is absolutely correct in saying that
barring ionization (and in a good eable there should be very little
jonization) the major factor of the dielectric loss is that whigh is
represented by the absorption current, but these are all super-
ficial considerations and tell us nothing of the ultimate nature of
the phenomena.

There are a number of hypotheses that delve a little bit more
deeply and have to do with the ionization of the dielectric material
itself and with the tearing off of electrons {rom the molecules or
atoms but we haven’t yvet come to the point where we can conneoct
up the actual, practical phenomena that we observe with the
fundamental laws of atomic structure.

There has been a great deal more written about this than most
of us realize, but it has been done by scientists in their quiet
way, and most of their articles are buried in the proceedings of
the highly scientific societies. - If we were to try to understand a
little more thoroughly the ultimate nature of the phenomena and
follow more closely the work that is being done by our scientific
friends, we might perhaps arrive a little more quickly at some
fundamental relationships which would enable us to predict
from knowledge of the elements that go into a composite in-
sulation what is going to happen under specified conditions.

As yet our work is too empirical, too superficial. Frankly,
my real interest in this problem has to do almost wholly with that
delving into the ultimate nature of things, trying to understand a
little bit more the reason why, rather than merely collecting a
lot of superficial information which is in the long run requires
much more time.
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Delafield DuBois: At one time 1 was assoviated with the
Russell Sage Institute of Pathology, where we had a calorimeter
to determine the heat radiated by the human body. To give
an idea of the extreme sensitivity of the apparatus, let me tell of
an incident. The doctor in charge of the laboratory happened
to be in the calorimeter flat on his back and not moving, but
looking out through the window, he saw me enter the laboratory.
Not long after that the assistant who was plotting the curve of
heat generated vs. time called me over to the test table and
showed me a slight kink in the curve that indicated the time
when I came in. Apparently the mere sight of me made a
slight difference in the heat generated by the doetor.

C. L. Kasson (communicated after adjournment): In regard
to measurement of dielectric loss and power factor,—are not the
results dependent on wave form, espeoially in short-length
measurements? What agreement can be expected between the
results on ten-foot samples and reel lengths?

Has the possibility of end losses in short samples been investi-
gated as a source of error? These end losses must consist of
leakage over the end and energy dissipated into the air and
then picked up again on the jead sheath. The usual form of
guarding does not take into consideration this latter factor
which is important.

P. A. Borden (communicated after adjournment): Exoept,
possibly, in those laboratories w here the facilities of time and
equipment are almost unlimited, the outlook upon the measure-
ment of dielectric losses is at best a rather gloomy one; and we
must thank Mr. Lee for having introduced a distinet ray of
optimism at the psychological moment. The thermal-balance
method, which he describes, while at once soientific and preoise,
is at the same time capable of application in almost any electrical
laboratory, and with equipment which is neither expensive nor
highly specialized in its construction or operation.

As an alternative arrangement, and as a possible improvement,
I would suggest the replacement of the thermoocouples by a
resistance bridge, the varying arms of which would consist of a
number of turns of enameled magnet wire wound upon the sheath
of the cable. There is no doubt that the assembling of this
cireuit could be more quickly accomplished than the placing of
the thermocouples which Mr. Lee has deseribed; and there is
the added advantage of the superior sensitivity of the circuit, as
well as of increased precision due to the equivalent of an infinite
number of points of thermal contact.

If, as has been anticipated by some, there be a source of error
due to difference in the conditions of the lead surfaces, it would be
possible to surround the cables with oil baths of small dimensions,
or to immerse the two sections in a common bath, eitber of which
measures should reduce such an error to negligible proportions.

J. B. Whitehead: The question was asked why, in my list
of causes of phase difference in dielectries, I had included three
different types of conductivity, and why all types of conductivity
are not the same. There is every evidence that electric con-
ductivity in every instance consists of the motion of some kind
of an electric charge, but there are many different kinds of
charges,—for example, electrons as in the process of metallic
induetion, molecular ions and molecular aggregates of various
sizes. The presence of any one of these types of ions will result
in conductivity and to that extent they well might be included
in one class, but the conduectivities resulting from these several
types of tons follow quite different laws as regards voltage,
temperature, frequence, ete. Until these laws are brought
together, therefore, and until the nature of dielectric absorption
is better known. it appears to me advisable to separate the
corduectivities arising from different causes.

C. F. Hanson: Mr. E. W. Davis bas expressed his doubt
of the necessity of the high degree of accuracy which I have pre-




soribed for power faotor measurements of 132-kv. cable, in view
of the variation existing in thermal oconstants and the inuceurato
knowledge of them. Mr. E. H. Salter has expressed u similar
doubt but for a different reason. Ilig roason is that the power
fuctor of a eable is too far from being uniform to warrant the
docuracy prosoribed. Both of them are correct in their views
if the subjeot is oonsidered from the point of view of present
knowlodge of thermal constants and the usual uniformity of
power factor. This subject, as far ag 132-kv. cable is concerned,
should not be approacshed from that point of view. Rather, it
should bo considered from the point of view of the requirements of
the acouracy of our knowledge of all the properties pertaining to
the performance of a 132-kv. cable. It g 132-kv. cable is to
perform in accordance with experience obtained with lower
voltage cables, then I believe the accuracy I have preseribed ig
hardly too rigid, particularly for a six-eable duct bank. Thig
statemont, of course, implies that the power factor of the cable
has to be uniform. The thermal Properties of the cable and of
the duct must also be uniform and known ‘to a high degree of
accuracy. If these conditions cannot be mot, then it ig possible
that a 132-kv. cable will have to be replaced by a lower voltage
cable.

I have used the term “uniform"’ loosely. In the case of power
factor, it means g permissible variable excess above a certain
value considered to be satisfactory. A deviation below this
certain value is of no serious consequence because it does not
impair the oexpected current capacity of the cable.

Power-factor uniformity varies with the operating voltage of
the cable. In the case of 132-kv. cable the unitormity should be
of the order of the accuracy required in the power-factor mea-
surements. The case of lower voltage cables is quite a different
story. For example, the permissible power-factor error and
uniformity of a 13-kv. cable may be of the order of six per cent,
depending upon the knowledge of the thermal constants. I am
sure that this aceuracy is not alarming and this uniformity
is very likely well within the limits stated by Mr. Salter.

Mr. D. M. Simons has called attention to a rather important
item in the matter of calculating the actual dielectric loss
existing during the operation of a 132-kv. cable. The method
which I did use is that prescribed by him in his paper which I
have cited. I did not, however, follow the advice which he also
gives in his paper, that in Some cases a second calculation should
be performed to obtain more nearly the actual dielectric loss.
I have now done that for one cable.

Before proceeding to explain the method I employed in my
second calculation, I shall present a few definitions in an attempt
to clarify the subject.

1. The dielectric loss in a cable is usually considered to be
that which exists when the entire insulation of the cable is at
the same temperature. This is the loss measured in the labora-
tory according to American practise. I shall designate this loss
as the “measured dielectric loss.”’

2. In actual use the entire insulation is not at the same
temperature. The insulation near the conductor is at a higher
temperature than the insulation near the sheath. The power
factor of the insulation near the conductor, therefore, will he
higher than the power factor near the sheath according to the
pPower faetor-temperature characteristic of the insulation.
The dielectrie loss of the cable under this condition, when the
conduetor is at the maximum permissible operating temperature,
will be less than the “measured dielectric loss,”” and 1 shall
designate this loss as the “actual dielectric loss.”

3. The “actual dielectric loss” is distributed throughout the
insulation of the cable. It is greater near the conduector than it
is near the sheath, for two reasons:

a. The electric stress is greater near the conductor than
it is near the sheath, and
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b. The power factor is kroator nenr the conduetor thany
it is near the sheath,

In caloulating eurrent cupacity it is diffioult to den! with the
“actual dieleotric loss" us u distributed loss. 1t is muel more
sonvenient to deal with it as a concoentrated loss on the surfues
of the conductor. 'Thig procedure may be followed by con-
sidering a fractioual part of tho “actunl dioloetrio loss' as eon-
centrated on the conduetor surface. 'This fractional part of the
“actual dicleotric loss' | shall designate as tho “eonduetor-
equivalont dielectric loss."

The R I? loss in the conductor and the “‘eonductor-equivalent
dielectric loss’ raisc the temperaure of the conductor above that
of the lead sheath. The I /2 loss in the conductor, the “actual
dielectric loss” and the sheath eddy-current losses, raise the
temperature of the sheath above the base temperature of the
oarth,

In my caleulations I used 50 per cent of the
diclectric loss” as the

“measured
“eonductor-equivalent dielectric loss."”
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I shall demonstrate by example that this procedure is not always
rigorous. For my example, I have chosen Cable No. 15, the
power factor-temperature characteristic of which is shown in
Fig. 5. This cable was caleulated to have a current capacity
of 187 amperes under the conditions specified.

I divided the insulation of the cable into a series of 12 con-
centric cylinders, each having a wall thickness of 0.06 in. (ap-
proximately 1/16in.). I started with the inner cylinder against
the conductor. 1 calculated the temperature and the voltage
gradient of this eylinder 0.03 in. from the surface of the conductor.
With these values I caleulated the dielectric loss per foot for the
first eylinder. The second cylinder from the conduetor will
have this dielectric loss flowing through it in addition to the
copper loss.  After having caleulated the temperature and volt-
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age gradient in the second eylinder, I caleulated its dielectric
loss. I proceeded in this manner until T had reached the lead
sheath. The results of this series of caleulations are shown in
the accompanying Fig. 3.

A summary of the results follows:

The “measured dielectric loss’ of the cable at 60 deg. cents
is 3.09 watts per ft.

The ‘“actual dielectric loss” of the cable when the copper
temperature is 60 deg. cent. is 2.91 watts per ft.

The “conductor-equivalent dielectrie loss’’ was found to be
1.46 watts per ft., which is 50 per cent of the ‘‘actual
dielectric loss” and 47.2 per cent of the “measured dielectric
loss.”

It appears, therefore, that I have gone wrong in my original
calculations to the extent that I used 50 per-cent of the “measured
dielectric loss” instead of 47.2 per cent as the value for the
“sonductor-equivalent dielectric loss.”

I believe that the summarized results show that my original
caleulations are approximately correct, although they are not
absolutely correct. The difference is even not as much as it
appears because there is a compensating error. In Fig. 5, 1
have shown the unstable power factor-temperature character-
istie, E F, as a straight line. In reality this is not a straight line
but is a curve which droops at the higher temperatures. This
drooping probably offsets entirely the little advantage gained in
the revised calculations. In conclusion, I believe so far as
calculations are concerned, that my Figs. 5 and 6 show very
nearly a correct picture. The thermal constants I have used
may not fit all cases by any means, but they do most likely fit
an average case.

Mr. Lee: As regards the nature of the surface of the cable
in the heat comparator method, that certainly is very important
and we must take it into account. There is, however, this fact;
that there is only a one-or two-deg. rise which enters into the
proposition and it is simplified in that regard.

There is one question T should like to ask Mr. Simons. It
comes up in connection with the use of the electrostatic watt-
meter, and is about the maximum voltage at which he knows it
can be used. I have stated in my paper that we have to go up
to 100,000 volts in these measurements. As I understand it,
the electrostatic wattmeter has not been used much above 35,000
volts. Above that voltage several disturbing factors are
introduced.

Also, Prof. Whitehead spoke regarding the size of a resistor
that he had which wasn’t very large. Again, I had in mind
100,000 volts.

W. B. Kouwenhoven: Dr. Curtis mentioned the effect
of the resistance of the battery. The resistance of the battery
which is inserted in the needle circuit of the electrometer in the
method deseribed by Betz and me has a negligible effect upon the
compensation. Simons and Brown produced zero deflections
of the electrometer by the insertion of a resistance in the needle
circuit. The value of the resistance needed in their method is
of the order of 20,000 ohms. The resistance of the battery that
Betz and I used in the needle circuit was small and therefore had
no effect upon the results obtained.

Messrs. Simons and Brown state on the third page of their
paper that one way of eliminating the charging eurrent to the
needle is to put the ground at the mid point of the quadrant
resistance R;. I have tried this method experimentally and
found that it does not eliminate the trouble.

One advantage that the electrometer wattmeter possesses
over the dynamometer wattmeter is its simplicity and range.
If various sized samples are to be tested with a dynamometer
wattmeter, either the instrument must be shunted or else several
different current windings must be available. In the case of
the quadrant electrometer watimeter, different ranges may be
obtained by changing the valuo of the resistance R,;, which
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shunts the quadrants. With the same electrometer I have mea-
sured losses in cables which were only a foot in length, whole reel
lengths of cables and current-limiting reactors. In the mea-
surements the values of the resistance R varied from several
thousand ohms to one one-hundredth of an ohm. The cyrrent
ranged from a few milliamperes up to 200 amperes. This in-
dicates clearly the wide range of the electrometer.

I used the zero method described by Betz and me for measuring
the loss in the current-limiting reactor mentioned above. The
measurements were made in the field and the results were quickly
determined. The method worked very satisfactorily.

A number of different methods have been discussed here for
measuring the power loss or power factor of cables and dielectrics.
They are as follows:

Electrodynamometer wattmeter, bridge methods, quadrant
electrometer wattmeter, and calorimeter methods. In using
the bridge methods it is necessary to balance both for ratio and
phase angle. The accuracy of the results depends to a large
extent on the ratio of the bridge. The closer the ratio is to
unity the greater the accuracy and ease of obtaining a balance.
Consequently the bridges are limited to samples of approximately
the same size. This is also true of the dynamometer wattmeter
methods unless shunts are introduced with their attendant
diffculties. In using calorimeter methods, care must be taken to
see that the radiation coefficients of the lead sheaths of the cable
under test and of the standard sample are the same. As pointed
out, the quadrant electrometer has a wide range of application.
Its use, however, also introduces those certain difficulties which
have been discussed.

E. H. Salter: Mr. Hanson brought the question of the use
of shunts in connection with the electrodynamometer wattmeter.
We find that a dynamometer wattmeter which is sufficiently
sonsitive for use without a shunt on short samples of cable,
can be used in connection with the shunt on cables up to the full
reel. As an instance there we have made comparatively
recently some tests using the compensated dynamometer or the
phase-defect compensation method in which the apparent
defect angle of an air condenser is compared with the apparent
defect angle of the sample of cable.

In this particular case to which I refer, the air-condenser
charging current was about 15 milliamperes, whereas the charging
current of the cable sample which was a full reel ran in the
neighborhood of one ampere.

In order to obtain sensitivity, the balance on the air condenser
was made using the direct connection of the electrodynamometer
in the circuit, whereas the balance on the full-reel sample was
made with the shunt set for a multiplying factor of 1000.

We have used the shunted wattmeter over acomplete range
between those points, between the one multiplier and the 1000
multiplier, and have tried interchecks, shifting from one shunt
position to another with the same voltage and the same cable
sample and have found the result perfectly satisfactory.

Mr. Hanson also raised the question of the connection in
Fig. 2 of our paper. I can state that the connections are made
with the low-voltage end of these windings connected to the
transformer case and that the transformer cases are insulated
one from the other.

Mr. St. Clair raised a question regarding the statement:
“With the present methods of determining compensation, it is
believed that an accuracy of = 0.05 per cent in power factor
should be obtained.” That refers to absolute power factor and
not to percentage accuracy.

He raised a similar question with reference to the statement on
the fourth page in the second column. There I think the per-
centage is clearly stated as measurements: “A careful operator
should be able to make measurements to within = 0.05 per cent
power factor. The losses as computed from the current and
power factor should be well within == 5 per cent accuracy.”’
Thero it is changing it over to the accuracy basis.
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. (GormALE)
WHITE Surraur SPRINGgs, W. Va., June 25, 1926

J. R. Craighead: In the study of any characteristic of 3
material for engineering purposes the first results must be ob-
tained by measurement. From these results an empirical
formula is usually developed which should be accepted until
fresh data disagree, when the formula should be modified or
extended to include all the data.

When knowledge of the characteristic advances sufficiently,
a rational formula may be proposed. To be acceptable, the
rational formula must not be inconsistent with the existing data,
and must meet the mental needs of engineers by representing a,
theory of the variation of the characteristic.

In this case the formula of Frolich with the other developments
of it to which Mr., Gokhale has referred, constitutes a long step
toward a rational formula. Weber’s theory of molecular mag-
nets is at present the fundamental on which magnetic formulag
should be based.

Frolich’s law is obtainable from Weber’s theory by assigning
a specific value to the distribution ratio. Mr. Gokhale’s tests
have shown that this value is not suitable for determining the
actual performance in the region near saturation.

Consequently, Mr. Gokhale attempted to find a substitute for
that value, and a new formula which would be at least equally
in agreement with the Weber theory. He found this in the
formula which is quoted in the paper.

Following this step he studied it in comparison with previous
formulas and determined it to be a corollary of Lamont’s equa-
tion, consequently basing it on Weber's theory in the same way
that Lamont’s equation is based. Thus the formula has a
mathematical connection directly back to previous magnetic
efforts and represents an effort to connect with the latest data
those which were available to those who developed the earlier
formulas.

It is not claimed that Mr. Gokhale’s law of magnetization
near saturation is the final one or that there will never be any
more data which will extend it. It is possible that the funda-
mental Weber theory will be changed, in which case there may be
radical changes in the formulas derived from it. Butin establish-
ing a step in advance of the formulas that have already been
recognized, covering very much more thoroughly a wider range
of data, Mr. Gokhale has made a definite advance in the
art.

Hans Lippelt: The magnitude of the problem in hand is well
illustrated by the fact that the author confines his work to the
range of magnetization near saturation, limiting it at the lower
end by a magnetizing force of H = 300, which is a high value for
practical and industrial purposes.

In going over the experimental data given, it should be ob-
served that no attention whatever has been paid to magnetic
hysteresis. Small as it may be near saturation, it becomes
noticeable and effective as the magnetization curve falls off the
saturation value. The majority of the test data start with a
high value of H, which is receding as the test proceeds. This
state of affairs characterizes each of the respective 3 curves as
part of the descending branch of 3 hysteresis curve. Both
branches of the hysteresis curve should be subjected to test and
observations recorded and presented.

The establishment of a new law of magnetization pecessarily

1. A.I.E.E.JournaL, September, 1926, p. 846.

calls for conclusive evidence. With one-half of the evidence
left out, the other evidence presented can hardly be called con-
clusive. This is said without depreciating the great merits of
this exemplary piece of research work,

In connection herewith it should be observed that not all the .
B H curves are shown with their ordinates (or axis of ordinates)
starting at the zero line. Fig. 1-8 has the first division at 13,000,
and that seems to be the residual magnetism of the sample, being
corroborated by Figs. 1-3 and 1-2. It is doubtful whether such a
high residual magnetism will be accepted as the basis or starting
value for a new law of magnetization. Strictly speaking, the
maiden curve of magnetization, which goes through the origin of
the system of coordinates, is the only pure representative of
the true law of magnetization.

The author, in paragraph 15 of his paper, has explained the
insensitive character of the reluctivity curve, and has pointed
out that its apparent straightness is no reliable criteriop for the
course of other correlated curves. I believe it befalls the author
to prove that the line of incremental permeability, Fig. 3-1, is
inherently sensitive to the curvature of correlated curves. In
other words, it should be proved that in spite of other correlated
curves (say the 8 u curve) possessing a certain definite curvature,
the curve of incremental permeability is actually a straight line,
and not merely the average value of several undulations such as
are noticeable in Fig. 3-1.

The justification for such a proof will hardly be denied in view
of the fact that the main equations (29) and (30), which represent
one main result of the study, are derived from that line.

We also should not lose sight of the fact that the author of
the paper violates his own theory (to a certain extent) when
he eliminates 8 from equation (21) and reduces it to the form
of (23) and (26).

Fig. 1-6 shows two straight logarithmic lines. They give rise
to the question as to whether the material under test undergoes
a distinet molecular change. Such a change may be either
gradual and finishing, or oceurring abruptly at the point of their
intersection. Such a phenomenon would not be unusual with
iron, which is known to suffer a change of its elasticity and
strength, when under thermal stress. (Breaking strength of
steel increases up to 300 deg. cent.)

Another possibility would be that the two straight lines are
really the asymptotes of a curve which otherwise runs very close
to its asymptotes.

It is conspicuous that no corresponding kink can be detected
in the correlated H D curve of Fig. 1-6.

That Frolich’s law permits g modification which renders it
more flexible was shown by myself in a recent paper on the
magnetic hysteresis curve.2

I believe it would be advantageous for the readers if, in Mr.
Gokhale's paper, the method and wiring of the tests were illus-
trated by diagram.

J. E. Jackson: It is quite gratifying to find that Mr. Gok-
hale’s saturation curve is 3 straight line, since it was a considera-
tion of Weber’s theory two years ago thatled O. E. Charlton and
myself? to predict that the a-c. iron losses would decrease as d-c.
excitation was superposed on the core. Weber’s theory states
that hysteresis loss is due to friction between the molecules or
electrons as they reverse their position or polarity under the

2. A.I.E.E.JourNaL, April, 1926, p. 355.
JourNaL, August, 1926, p. 770.

3. Losses in Iron under the Action of Superposed Alternating- and
Direct-Current Excitations, by O. E. Charlton and J. E. Jackson, Trans.
A.1.E.E., 1925, p. 824,

See also Discussion A.1.E. E.
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influence of an alternating magnetomotive force. If this is true,
a strong d-c. field should hold the molecules locked in one posi-
tion so that they cannot reverse, and therefore the hysteresis
Joss would not appear. Also, the permeability of the specimen
should approach that of air. Both of these facts were proved by
actual tests; as d-c. excitation was increased the a-c. iron losses
decreased.

A. E. Kennelly (communicated after adjournment): The
paper is an interesting compendium of the various formulas
which bave been offered, at different times, to account for the
phenomenon of magnetization in the magnetic metals, from the
point of view of the physicist, and particularly in regard to the
phenomenon of high magnetization, near saturation. It shows
that the various formulas of Bosanguet, Emery, Lamont, and
the speaker, are much more closely connected with each other
than is generally evident or recognized, and also econnected with
the pioneer work of Frolich, in 1882. It shows, moreover, that
none of them is quite satisfactory in the neighborhood of satura-

tion. Near saturation, the paper advocates the formula given
in the synopsis, which is a modified form of Lamont’s
formula.

When we consider the relatively complex and unstable molec-
ular configurations involved in the generally accepted Ewing’s
theory of magnetization in iron, it would be quite surprising if
any single and simple formula satisfied the entire process, from
the feeblest to the most powerful magnetization. Near satura-
tion, however, when the last dregs of latent magnetization are
being evoked, an exponential relation of the type advocated in
the paper seems very reasonable. That is, if we plot the latent
induction ~ against the magnetizing foree JC, on arith-log paper,
as in Fig. 1-7, we should look for a straight line, or a pair of
straight lines, as saturation approaches. This relation should
be carefully examined in future, with various samples of magnetic
material. The technique of magnetie measurement for advanced
values of magnetizing foree, however, should be standardized for
that purpose. If this straight-line relation between log + and 3C
is brought out, the paper will have supplied a valuable
contribution.

In regard to the assumption on the fourth page of the paper
about latent flux, namely, that ‘it ismadeup of two groups of flux
lines in opposite directions making an algebraic total of zero
lines,” it seems to need some proof. The coneeption of each iron
molecule inherently possessing its own hundle of magnetic flux,
so that when they are all completely aligned, the resulting flux
density is determined only by the number of molecules per
square em. of cross-section, is interesting but perhaps unsafe.
It seems to go beyond the needs of Ewing’s theory.

In regard to my paper of 1891, the ascending straight-line law
of metallic or intrinsic reluctivity there pointed out, is indeed
based upon the previously published researches of Ewing, Row-
land and others, as the paper states. The speaker arrived at the
relation, however, from his own tests of samples of dynamo steel,
for which the notes and records are still retained. 1t was found
that when the reluctivity p was plotted, on ordinary squared
paper, as ordinates, against magnetizing force JC as ahscissas,
the graph was always a pair of straight lines, one deseending and
then the other ascending, with an elbow connecting them, and
with the maximum value ol the permeability oeccurring at this
elbow. From an engineering point of view, it appears to the
speaker that this is still the simplest quantitative relation be-
tween the ordinary magnetic phenomena. From a striet
physical theory standpoint, however, this pair of straight lines
may be only a first approximation to a mueh more complicated
phenomenon. It seemed more convineing, in 1891, to express the
geometrical facts in relation to already published researches than
in connection with new and unchecked tests.

. S. L. Gokhale: I believe that some of the points hrought out
in the course of the discussion can be best explained by a brief
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history of the investigation which forms the subjeet of the paper
under diseussion.

In January 1913, I was called upon to add to our equipment a
simple and reliable method for determination of saturation value
of magnetic material used for engineering purposes. Prior to
this date and also for some years afterwards, this determination
was made by extrapolation according to Kennelly’s law on the
basis of data for H = 50 to 200. By the beginning of 1915 I
had succeeded in developing a new method of measuring satura-
tion value, (A. I. E. E. Trans., 1920, p. 819) together with a
suitable instrument for that purpose, #iz., the saturation perme-
ameter. (See Law of Magnetization, Table I-1.) The new
method was easily recognized as the simplest method for this
work but its reliability was seriously questioned because the
saturation value determined by this method did not agree with
the computed value by extrapolation according to Kennelly’s
law. (See Cireular of B. of S. No. 17, p. 36.) When the result
of a measurement by a new method conflicts with a law unani-
mously aceepted by the scientific world for nearly forty years, the
reliability of the new method should be questioned rather than
the law; this was the generally aceepted view, and I must con-
fess that I held the same view at first. For about five years I
tried unsuccessfully to detect error in the saturation permeameter,
until by the beginning of 1920 I began to feel convinced that the
permeameler was quite reliable and that the error was probably
in the extrapolation method. In April 1920 I expressed this view
in the discussion of Dr. Yensen'’s paper, but I eould not convince
him at that time. In May 1923 I was able to demonstrate the
existence of the second inflection together with the left-handed
curvature above that point (Fig. 4-2) by tests on toroid rings;
this demonstration indicated the possibility of failure of Kennel-
ly’s law for values of 8 near saturation, although the point was
still not proved conclusively. About this time I had also succeeded
in obtaining by tests on toroid rings the curve for inere-
mental permeability (Fig. 3-1) which suggested the linear equa-
tion of progress (equation 26), together with the corresponding
exponential law of magnetization (equation 30). I showed these
results to Dr. Steinmetz, who seemed to be well convinced by the
evidence, but he suggested that a suecessful demonstration of the
phenomenon of saturation would he much more convineing. In
September 1923 I succeeded in demonstrating saturation for a
toroid ring of standard sheet steel for a range of H = 650 to
1000 (Fig. 4-1.)

In May 1924, I showed my notes to Dr. Kennelly and solicited
his criticisms. 1Ie made many valuable suggestions, the most
important one being that I should secure more data on a larger
number of test samples tested by approved methods. This
advice has been carefully followed; in the preparation of the
paper only tests on toroid rings were included for purpose of
demonstration.

For purpose of data for the 8 II curve, the test procedure was
the well-known procedure described in standard books. The
curve obtained is what Mr. Lippelt calis the ‘“maiden curve,”
which in every case probably goes through the origin as may be
seen from the tables of data. In plotting the curve the lower
part of the curve is generally omitted for the simple reason that
this paper is limited to a study of the law of magnetization for
values of B near saturation; the reason for the preference has
already heen explained.

In order to develop a sufficiently strong magnetizing force
without excessive heating, a form of winding of the magnetizing
coil has been developed. (See Fig. 6-0 accompanying this dis-
cussion.) This scheme of winding offers the best facilities for
cooling; it was found in one case that a test at I/ = 1000 oceupy-
ing a period of 15 see. eaused a fall in temperature from 23.4 deg.
cent. to 22 deg. cent. instead of a rise, which demonstrates the
cooling efficiency of this kind of winding.

Tig. 3-0 herewith gives the scheme of wiring for the test for
incremental permeability and Fig. 4-0 herewith, for the 8 H
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relationship; the method of test is described fully in the intro-
ductory paragraphs in Tables I1I and IV.

Mr. Lippelt observes that in my investigation ‘“no attention
whatever has been paid to magnetic hysteresis.” The point is
correetly observed; I have concentrated my attention for the
present on the form of the normal induction curve near saturation,
just as he has concentrated his attention on the form of the
hysteresis curve. The field of magnetic phenomena is too vast to

LR

F16. 3-0—ScHEME FOR TEST FOR INCREMENTAL PERMEABILITY

Pt Potential coil for test ring (Sheet iron ring No. 1)
Pc Potential coil for auxiliary ring (Sheet iron ring No. 2)
Ps Potential coil for auxiliary (Supplementary)
Fs Fractionizing shunt
\ft Nlagnetizing coil for test ring (Sheet iron ring No. 1
Me Nlagnetizing coil for auxiliary ring (Sheet'iron ring No. 2)
Ms Standard mutual inductor
G Galvanometer
R C Calibrating resistance

| SR { [ B

P -

]

SCrrmaric

Fi1g. 4-0—Toroip Rixg wiTH CORRECTION FOR SPACE FACTOR

Pt Potential coil for test (Sheet iron ring)

Pc¢ Potential coil for compensation (Bakelite ring)
M M agnetizing winding

G Galvanometer

Ms Standard mutual inductor

Re Calibrating resistance

RS Reversing switch

he covered fully and satisfactorily by any single explorer; it
calls for the collective effort of a large number of physicists, who
are expected to divide the field into seetions, each one choosing
for himself the part he is best fitted to study. Lord Raleigh and
Dr. Kennelly made a special study of the magnetization curve
below the point of maximumn permeability. Dr. Kennelly
carried the upper limit of test to H = 90; Dr. Steinmetz carried

DISCUSSION AT ANNUAL CONVENTION

Journal A. 1. E. E.

it to H = 200; Dr. Yensen covered the range H = 200 to 500.
When my turn came, I started where my predecessors had
stopped and carried the limit to H = 1600 on toroid rings, and to
H = 4000 on the saturation permeameter. The problem of
hysteresis is certainly very important, and I believe we are all
glad to know that Mr. Lippelt has been studying it very care-
fully, but I fail to see what that problem has to do with the study
of the phenomenon of saturation and allied phenomena.

Incidentally, I may mention here that the 8 H curves in the
paper under discussion are normal induction curves; they are not
the descending side of the hysteresis loops, as has been assumed
by Mr. Lippelt. A large part of his criticism is based on this
assumption and needs no further discussion.

With reference to the comparative sensitiveness of the several
types of curves, it should be remembered that this peculiarity
has no reference to curves expressing the relationship of directly
measured variables; it refers to derived variables only. For
example, in plotting a H p curve the values of H are plotted
directly from measurement, but the values of p are derived by
computation from values of 3 and H.

The question of sensitiveness has no reference to the 8 H
curve; it is relevant in reference to the H p curve; thisis also true

Fi1G. 6-0—CRraTE-WoUxD IroN RiNG SaMPLE

of the B ucurve because the values of u are not obtained by direct
measurement, but are always derived by computation from
values of B and H. In the case of the 8 u’ curve (Fig. 3-1) the
data for 3 or u’ are both obtained directly, which makes irrele-
vant any question about the sensitiveness of the 8 u’ curve.

As to the law of magnetization. the funetion of the straightness
of the 8 u’ curve (Fig. 3-1) is purelyv suggestive; it is not intended
to demonstrate the law. The law in its final form is an equation
expressing the relation of 3 to H (equation 30); its legitimate
demonstration should consist of an agreement of the 3 H curve by
observation, with the eorresponding curve by computation from
the equation in question (see Figs. 1-8. 4-4, 12-4, ete.).

For the same reason the /. log - curve is not well suited to the
purpose of demonstration. There is no method available at
present for direct measurement of log 4 for any required value of
H. The values of log - are derived by computation from mea-
sured values of 3. The value of the H. log 3 curve for purpose of
demonstration is dependent on the sensitiveness of the curve,
which is quite insensitive for low values of . and supersensitive
for high values of H. as saturation approaches. In view of these
facts I have based my demonstration on the agreement of the
B H curve with the corresponding reconstruction curve, rather
than on the straightness of the H, log + curve.

One part of Mr. Lippelt’s eriticism is not clear to me; he says:
“The author of the paper violates his own theory (to a certain
extent) when he eliminates 3 from equation (21). and reduces
it to the form of (23) and (26).” I should be glad to give full
consideration to his eriticism on this point, if I only knew what
he meant thereby.

As to the two straight lines in Figs. 1-6 and 3-4; the study of
that part of the problem has just been started. It is not possible
to say anything confidently at present, while further experiments
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are in progress. Mr. Lippelt’s suggestions are noted for con-
sideration. The absence of a corresponding kink in the H D
curve is not significant, as none was to be expected. Such kinks
are scarcely noticeable except when they are very pronounced,
or unless the curve is very nearly straight. For example, the
practically abrupt bend in the H p curve has long been noticed,
but nobody notices a corresponding kink in the 3 H curve.

With reference to Mr. Lippelt’s modification of Frolich’s law,
that modification does not affect the form of the curve near
saturation. The law even in its modified form, therefore,is not
expected to give any better agreement with the observation curve
than the law in its original form.

With reference to Dr. Kennelly’s comments, it is satisfactory
to note his agreement on all the main points, except one which
will be discussed later.

With reference to latent flux, he takes exception to the assump-
tion that “it is made up of two groups of lines in opposite diree-
tions making an algebraic total of zero lines.” Perhaps he is
right; the assumption may need more evidence than has yet been
presented, but I fail to see how that criticism concerns me. All
I have done in paragraph 4 of the paper is to present the Weber-
Ewing theory in my own words, so as to be able to reduce the
theory to an analytical form as represented by equations 5 and 6.
Valid or invalid, it is their theory and my duty was merely to
paraphrase it correctly in my own words. It is easy to see that
that aspect of the theory to which Dr. Kennelly talkes exception
isreally a part of the original theory as presented by Prof. Ewing.
This may be seen from the following extracts from Ewing’s
Magnetie Induetion, Chapter XI, Molecular Theory.

“The Weber molecule is a magnet before it begins to act, and
the amount of magnetism in it need suffer no change, however
widely the magnetism of the bar be altered. Hence Weber’s
theory explains the process of induction to this extent, that it
makes the magnetic change in the bar be brought about by a
change in the position of the molecules, and not by any change in
the quality of the molecules.”

“The fact that a definite saturation value is now known to
exist adds much probability to Weber’s hypothesis.”

In article 179, “Amount of Retentiveness Possible Under
Molecular Theory,” Prof. Ewing takes m = magnetic moment of
a single molecule, and treats it as a constant in the integral
equations which are functions of the angle of orientation «. Itis
obvious, therefore, that the constaney of flux in a magnetic
molecule is one of the requirements of the Weber-Ewing
theory.

Incidentally, I may add that this is also my personal view, but
that this consideration is not responsible for my statements in
paragraph 4 of the paper, which is merely a presentation of the
Weber-Ewing theory, irrespective of my own viewson the subjeet,

On one point it seems we have not heen able to reach an agree-
ment; the best I could do is to state the difference as I see it, in
explicit terms; I hope that in the course of time one of us or per-
haps both of us will have reason to revise the present views, and
thus reach an agreement.

Dr. Kennelly's view is that for a range of magnetizing force up
to about H = 90,

. (1) The H pcurve has the form of approximately two straight
lines with a short elbow connecting them. (This is Kennelly’s
law.)

(2) This law was well supported by test data prior to the
discovery of the law; later test seems to have confirmed it.
Some new tests seem to contradiet it, but these are yet unechecked
and their evidenee is yet unconvineing.

(3). From an engineering point of view, the straight-line
relat‘lon presented by the II p curve is the simplest relation, con-
necting the fundamental quantities H and .

(4) From the physical theory point of view, the straight line
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is the first approximation towards a more complicated law, and
the straight-line law is therefore quite correct in that limited
sense.

My own view is:

(5) The straightness of the I p curve is not approximate
straightness as is generally believed, but only an apparent
straightness caused by the insensitive character of the H p curve.

(6) Assuming that the reliability of Kennelly’s law was well
proved by the data presented by Dr. Kennelly in the first place,
it must be conceded that no new data have been presented by me
or by anybody else to refute it.

(7) On the contrary, my own tests have strongly supported
the law over a limited range, viz., (a) for the region of first
inflection, (b) for the region of second inflection, (c) for the region
of saturation.

(8) My objection to Kennelly’s law is merely this—that it is
not reliable for purpose of computing saturation value. On this
point there is no difference of opinion between me and Dr.
Kennelly. This objection to Kennelly’s law is not an objection
to that form of the law, but to Frolich’s law in general, of which
that law is only one form.

(9) In addition to the above mentioned objection, which
holds against all forms of Frolich’s law, there is one objection
peculiar to the Kennelly form of the law, viz., that the reluctivity
curve is insensitive and misleading. The straightness of the
curve is only apparent due to the insensitive character of the
curve, and is therefore illusive. The insensitiveness of the
reluctivity curve has been demonstrated in the paper analyti-
cally by equations 31-2, and graphically by Figs. 5-1 and 5-2.
I believed that this evidence of insensitivity should have been
quite convincing. Tig. 5-2 was expected to convinece Dr.
Kennelly in particular, as it represents data (Table V-2) on which
lhe had based his law, instead of what he calls “new and unchecked
tests.”’ )

(10) Kennelly’s law is not the simplest form of Frolich’s law.
Bosanquet’s law, u = a v, is certainly a much simpler form, as
may be ascertained by anybody who tries to compute the values
of /I for any required value of 3.

(11) The only reason why Bosanquet’s law never became as
popular as Kennelly’s law is that in that case the failure of the
law to represent facts is so obvious as to compel one to reject it.
In the case of the failure of the linear law of reluetivity not being
5o obvious, some of the best scientific minds have been misled
by the apparent straightness. For example, in 1891, while
expounding the law of reluctivity, Dr. Kennelly had said that
the purpose of his paper was to show that while the 8 x curve is a
“complicated curve’’—a curve which “you would not like to
define by any particular formula”—the ‘“‘curve which follows
from the conception of inverse of permeability is fortunately a
very simple one,” being made of two straight lines connected by
an elbow. In the paper under discussion, I have shown by
mathematical reasoning that if for any range of magnetizing
force the H p curve consists of two straight lines, the 8 u curve
for the same range must also consist of two straight lines, and
conversely if, as Dr. Kennelly admits, the 8 x curve be incapable
of representation by a pair of straight lines, neither can the I/ p
curve be so represented. The appearance of straight lines in
such a case must be recognized as illusory and misleading, and
its value as evidence must be ignored.

The above conelusion (No. 11) is the main point of difference
between myself and Dr. Kennelly. The conelusion is not based
on any particular tests old or new, checked or unchecked; it
follows a mathematieal reasoning, based on a study of the rela-
tion of B x and H p curves irrespective of any test data. If,
therefore, this coneclusion is unacceptable to Dr. Kennelly, it
must be only by reason of some fallacy in that reasoning of which
T am unconscious and which he has not yet disclosed. I would
be very thankful if he makes himself elearer on this point.
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SYNCHRONOUS MACHINES—TI!
(DomerTY axp NICELE)
WEBITE StLPHCR SPrings, W. Va., Joxe 23, 1926

C. A. Adams: In nearly every piece of electrical machinery
we have two or more magnetomotive forees. There are two
general methods of dealing with these m. m. fs. They may either
be combined into a resultant m. m. f. and the corresponding
flux computed therefrom, or the several fluxes produced by the
several m. m. fs. acting separately may be eomputed and combined
into a resultant. These two methods vield the same result,
provided the reluetances of the magnetie cireuits in which they
act are constant. !

In the part of the machine under eonsideration—namely, the
air-gap region—reluetances may be assumed approximately
constant, although varying from point to point along the air-
gap.

I have never quite liked the method of dealing with the total
apparent reactance of the armature of an alternator, either for
the salient-pole or the non-salient-pole machine, sinee it deals
with a hypothetical flux in a very complicated magnetic cireuit.
I much prefer the method in whieh the field and armature
m. m. {s. are combined or ecompounded. In the case of the non-
salient-pole machine, this method may be applied as follows:

Leaving the local variation of gap reluetance, due to the pre-
sence of the teeth, to be considered separalely in terms of the
rcsultant tooth harmonies, the air-gap permeance may be con-
sidered constant from point w point around the periphery.
First, eompute the peripheral distribution of field m. m. f. and
resolve this into its space fundamental and space harmonies.
Combine this spaece fundamental with the space fundamental
of the armature m. m. {. in their proper space-phase relation.
The resultant sinusoidal space distribution will vield a sinu-
soidal flux whieh determines the fundamental of the armature
e m |

The space harmonies of the field m. m. . will yield correspond-
ing harmonie fluxes, which will generate harmonies e m. fs.
in the armature, the magnitude of which will depend otherwise
upon the nature of the winding. In most non-salient-pole
marhines these harmaonic e, m. fa. should be small, particulariy
in three-phase machines aith an armature coil piteh of about
Bb per cent

The harmonies of the a=mature m. m. f. distribution considered
separately will sield space harmonic fluxes revolving a! speeds
inversely as the urders of the harmonics; that is, they will induce
in the armature winding e. m. fs. of fundamental frequeney.
Moreover, as these fuxes are proportional o the armature
current, the resulting e m. fa. will be in quadrature with ihe
armature current and thersfore rcactuive e nu f8., ihe sum of
which 15 nothing more nor less than what has been called the
helt-leakage o. m. [, as Mr. Doberty has already pointed oul.
The question as 1o whether this includes the (ooth-tip leakng?
e m. {. depends upon the definition of woth-tip leakage. Per-
sonally, 1 prefer w consider the wooth-Up leakage as involving
only that flux which passes between the tops of 1wo adjacent
teeth by way of such wron surfare as may pasually elose the cir-
euil on the other side of the air-gap, which n large alternators
is usually small and may be ineluded as an extra term i ithe
individual slot leakage.

This method would leave only three items for the reactance
voltage of the machine: the siot leakage, including a small
amoun! of toth-lip leakage above deseribed ; the cotl-end leak-
age: and the bedt leakage, which i# nothing more than the
e. . {. induced in the armature econductors by the space harmon-
irs of the a-mature m. m. (. This laster in a three-phase machine
with balanewd load and 5 6 coil piteh 18 a fraction of | per cont

In the case of the salient-pole machine, there is no method
available superior 10 Blondel's 1wo-rcagtance method, although
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the method outlined above ean be applied with certain rather
crude approximations to take account of the lack of uniformity
in air-gap reluetance in different parts of the periphery.

Mr. Doherty’s amplifieation or extension of the Blondel
method is certainly a very interesting and valuable eontribution
to this important subject.

P. L. Alger: There are three points about this paper on
whieh I think #t is worth while to enlarge somewhat. In the
first place, the paper is very long and it might appear that it
would be possible to eombine all these long series into a few
terms and get shorter equations which would be simpler to use.
The answer to that is that we have a great many problems
which require very ecomplete analvses and others which require
only ineomplete analvses, so that we need a theory whieh will
satisfy either demand.

The old approximate theories are sufficient for ordinary
problems, but if we have to ahandon them and go to another
extensive theory for special problems, it is too inconvenient to
tolerate. Therefore, by developing the whole problem in terms
of series in whieh the first few terms are important, later terms
less important and the last terms very unimportant, we
can solve all problems by the same method no matter how
complicated they may be by carrving the caleculationsonly asfar as
each case demands. Thus we have a complete theory for all
purposes and yet the work done in each ecase is suited to the
particular need at kand. So I think this method of earrving
the whole analysis out in infinite series is by all means the best,
and the one which should be followed in most problems of a
similar degree of complication.

The second puint 1 should like to enlarge upon is that of showing
the need for such extended solutions in everv-day life. Now-
adays we try (o make a study of the conditions and make a
machine to fit those conditions. Thus we have a great many
freak machines or machines that are not at all good electrieally,
but vet are su designed as 10 serve a particular purpose most
economically. For example, in manufaeturing we desire to
have only & few dies, and 1o keep in stock only a few sets of
punchings, and yvet 10 be able to apply these to all cases. This
requires that we have frucuonal <lots per pole on almost all
machines.  We put up with the incon enience of having irregu-
larities 1n the winding 1o get the greater convenience of manu-
faciuring stmplicity

This leads 10 the result that vur armature windings are some-
umes unbalanced by a small amount. and also they are nearly
always irregular.

Messes, Doherty and Nickle assume throughout that each
pole is like every other pole; that 15, that the number of slots per
pole 1s mtegral. We actually have a variation of a-mature
reaction a~iund the periphe-y which makes each pole different
from 1's neighbors, but which balances around the whole machine.
These varistions lead to additional harmonics and other things
not uched upon by this paper

But the methud is such that these features can be added at
any convenient Ume by simply calculating the rarmation of
armature reaction arvund the periphery and treating that as an
additional svurce of harmonics, additional fluxes and voltages
without disturbing the structure of the whole theory .

Ose case where a practical problem to  which this
theory lends great aid arises is in making a synchronous machine
without external excitation. We ordinarily think of synchro-
nous machines ns requiring some supply of d-¢. excitation from
outside, although by making a salient-pole machine such as Mr.
Nickle has shown, a svnehronous speed can be obtained with a
certain amount of power without external excitation.

Suppuse we make a maebine with one la~ge harmonie in addi-
tuon w the fundamental in i1s m. m. {. distribution, and with a
variable permeance as well. By so selecting the harmonies of
the m. m. {. and permeance distribution that the flux made by the
fundamental m. m. f, acting on a permeance harmonice will have
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the same number of poles as the harmonic m. m. f. acting on the
average perineance, we can produce a new type of machine.

For this machine will have two separate revolving fields
produced by different sources whose relative speeds depend on
the speed of the rotor, and will synchronize at a certain rotor
speed. That will give a synchronous machine operating with
quite a large torque without any external excitation. It can
be done, to be sure, only if the machine operates below the
synchronous speed for the fundamental itself, which leads to
high losses; but it is quite feasible for small motors such as those
used for driving control instruments, so that there is quite a
field for this kind of machine.

This paper gives a theory which explains and enables us to
solve quite completely many of these special problems.

The final point which I should like to bring out is that touched
upon by Professor Adamsand Mr. Doherty; this is the problem of
caleulating the reactance due to the slots. Both Professor
Adams and Mr. Doherty have given the impression that the
reactance due to the slot harmoniecs, themselves, is very small; but
if we build a machine with very few slots per pole, this reactance
may become a large part of the whole, and a very important
feature of the machine.

In the case of an induction motor, the theory in the articles
such men as Arnold and Professor Adams have worked out and
published, involves the calculation of the effect of the slot
openings, as that of the average overlapping. These formulas
are rather hard to apply, and they are indefinite in the case of a
large ratio of slots. By taking another point of view, a much
simpler and more accurate solution can be obtained. This
point of view is to consider that each coil in a slot makes a
rectangular m. m. f. wave and a corresponding flux distribution,
and to show that the total flux is simply made up of the sum of
all the various rectangles made by all the coils. It is evidently
possible to caleulate the total voltage made by each rectangle of
flux, and hence the total voltage produced in the winding by the
total air-gap flux.  Subtracting from the total the voltage due to
the useful or fundamental flux, which is easily calculated, the
difference gives the reactance voltage due to all the harmonies of
the air-gap flux.

The formula so derived for the total zigzag leakage reactance is
very simple, Tt is this:

: P P
Xr :r() ( S]E + S22 ) XM

where /7 is the number of poles, 8, and S, the number of
primary and secondary slots, respectively, and X, is the mag-
netizing reactance corresponding to the fundamental of the air-
gap flux.

By zigzag leakage T mean the harmonies of air-gap flux pro-
duced by the localization of the m. m.f. in slots, which are the
harmaonics that have distribution and piteh factors equal to the
corrcaponding factors for the fundamental.

This formula shows the reactance dne to the tosth harmonies
in the flux, obtained hy subtracting the useful from the total
e.an. f. produced by the air-gap flux. The analysis assumes, of
course, that the slot m. m. fs. are eoncentrated at points rather
than distributed across the slot openings.

In the infinite series of nir-gap flux harmonies, those which
bave unity values of distribution and piteh factors with respeet
to the fundamental are fneluded in my formula. They are
much more important usually than the otlor harmonies which
correspond to the true belt lenkage.

Tho belt leakage is due to the winding arrangement ns regards
pitch. nnd number of phases: and i neacly indepondent of the
zigzug ronctance with which Thave heen desling. 1t is hest to
sopurate the two and keep them distinet,

By taking the same idea of o reelnngular m. m, f. appliod over
the permesnes distribution worked out by Mr. Doherty, we

hope to ohtain 'a similar formuls for the tooth-tip lenkige
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reactance of synchronous machines. We know this reac¢tance
may be large and in some cases we find it i3 a vital element in the
design of a machine. So, by utilizing these ideas of permeance
distribution caleulated from flux plots, and m. m.f. waves
made up of certain totals and certain useful fundamentals, we
hope to derive simpler formulas for the reactance than have
heretofore heen available. If our plans go well, a paper along
these lines will be presented to the Institute in the near future.

C. A. Adams: Mr. Alger must have misunderstood what I
was saying. I was referring exactly to that same point of view.
I spoke of the armature combination of magnetomotive forces
and the separation of the total magnetomotive forces and the
fundamentals. Those harmonic fluxes are proportional to the
currents and generate reactance voltages, but it was a eross-gap
flux to whieh I referred when I spoke of the particular case of
less than 1 per cent. e

M. I. Pupin: An alternator or an a-¢. motor may sometimes
look like a queer machine, depending npon the purpose for which
you wish to use it.

Now [ shall give a brief description of an alternator that I
have been working with for a number of years. Consider an
alternator with suitably laminated field and armature cores.
Send a small direet current through the field eoils and rotate
the armature, the armature being short-circuited. What do we
get? We get alternating electromotive forces in the armature
as well as in the field coils, not one of them but an infinite series
in each; the components of the series are harmonically related
to each other.

I have treated this scheme mathematically and find that,
mathematieally, the problem can be solved. You get two
beautiful series, each of which is convergent. The coefficients of
the various harmoniecs are also infinite convergent series.

Suppose I want to use that machine for the purpose of modify-
ing the feeble field current by a cable signal. As long as you
have a constant current in the field the machine will generate an
alternating high-frequency current of constant amplitude.
Now superpose the cable signal and you will have an alternating
eurrent with amplitudes varying in accordance with t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>