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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.
TwENTIETH ANNUAL CONVENTION.
Niacara Fairs, N. Y., June 29-July 3, 1903.
MONDAY—MORNING SESSION.

PresiDENT CHARLES F. ScoTrT called the convention to order
in the auditorium of the Natural Food Company at 10:30 a. M.

PrESIDENT ScorT:—During the past year, when it became
necessary to determine the place at which to hold this conven-
tion, we had cordial invitations from a number of cities, but
for one reason or another there seemed not to be sufficient
and satisfactory reason for accepting any of them. The chair-
man of our committee asked me what to do. I said: there
is one place in America which seems to me to be pre-eminently
the convention city; it is central; it has unsurpassed natural
attractions; it is accustomed to holding and receiving large
numbers of people and important conventions, and, more than
that, it is a place where we may go and be independent; while
we would be glad to receive such courtesies as might be freely
extended we would feel that we were not imposing ourselves
upon any of our local membership.

I take pleasure this morning in presenting to youthe mayor
of this famous city, a city far-famed throughout this whole
world not only for its unexcelled natural surroundings, but
also for its pre-eminence as an electrical city—Mayor Hancock.

Mavor Hancock :—Mr. President and gentlemen.—Since I have
been mayor of this city I have had the pleasure of offering the
glad hand of welcome to many conventions. I even tried a short
time ago to welcome a distinguished French gentleman who
was visiting here, but as I couldn't talk French and he couldn’t
understand English, we didn’t hit it off very well. But I want
to say that I have never had the honor of presenting the freedom
of the city and the whole bunch of keys to a more distinguished
convention than this one before me. While I have been growing
up to my present magnificent proportions many changes have
been taking place in this town. When I was a boy this place
consisted of two villages containing seven or eight thousand
people, Niagara Falls and Suspension Bridge. Every year about

1



2 TWENTIETH ANNUAL CONVENTION. [June 29

May 1, Niagara Falls woke up. Some of us took down the
shutters, dusted off the feather fans and the Indian beadwork
and the pieces of table-rock brought over from England and
prepared to offer them for sale to the gentle stranger at reason-
able prices. Others of us shoved out the family hack, shook
the kinks out of the horses’ legs, drove down to the hotels and
depots and offered that same gentle stranger a ride around the
Falls for five cents, expecting, of course, to get all the traffic
would bear when that lovely ride was over.

Some eighteen or twenty years ago Mr. Gaskill and Mr.
Eveished, the former a flour miller and the latter an engineer
of Rochester, sprung the idea of harnessing the Niagara. They
started out to raise the wind, but had the wrong kind of bellows,
I guess. A little later Mr. W. B. Rankine and his friends took
up the project, the result being that to-day Niagara Falls is a
prosperous city of 25,000 people, with many large factories,
ggd its development in the electrical line, I think, has only just

gun.

I trust, gentlemen, you may have a pleasant week and enjoy
yourselves. I thank you.

PRESIDENT ScoTT:—In the arrangements for a meeting of
this kind there are a great many preliminary labors, usually on the
part of painstaking men who are not much in evidence. The
man who has had this conventioh at heart through the year,
who made the preliminary arrangements and who has looked
after the papers for this meeting, is Dr. Sheldon, the chairman
of the Papers Committee, to whom a great deal of credit is
due. A few months ago, when it became necessary to make
the specific arrangements, Prof. Sever was called to the chair-
manship of the General Committee to have in charge the ar-
rangements for this convention. As chairman of the local
committee, Mr. H. W. Buck was selected.. The success which
may come to this meeting is largely due to the efforts of these
three men, seconded by the members of their committees.

I announced the names of three gentlemen who have been
prominent in arranging forthis convention. There isanotherthat
I.omitted. We may omit him because we take him for granted.
He is active all the time—the Secretary.

President Scott then read his annual address as follows:



THE AMERICAN INSTITUTE OF ELECTRICAL
ENGINEERS.

PrESIDENT'S ADDRESs—JUNE 29, 1903.

CHAS. F. SCOTT.

The engineer is defined as ‘‘ one skilled in the application of the
materials and forces of nature to the use of man.” Once he
dealt almost wholly with materials—some do so still, arranging
brick and stone and iron to form bridges or buildings which stand
inert. Others combine materials and forces. But the electrical
engineer deals with forces, with energy in its moving, kinetic
form. His unit is not one of length or mass or volume or
strength—it is the kilowatt, a unit of activity. If the flow of
energy cease, the electrical system is inert, as useless as the
body when life is gone. He energizes and vitalizes the systems
constructed by engineers of many kinds. Hence the phenomenal
rate of electrical extension—it is not a new thing separate and
apart from other things, it enters into them, it operates, it
awakens, unites, transforms. .

Among the various branches of engineering many are of old
standing and have been developed during many years; the
greater part of what is standard to-day may be found in the text
books and the treatises of a generation ago. On the other hand,
the second edition of Kapp's ‘ Electric Transmission of Energy ”’
which is less than fourteen years old contains no reference—
other than a sentence in the preface—to the commercial use of
alternating current, although it has already become well-nigh
universal. If one were about to install a long distance trans-
mission plant he could call hydraulic engineers as advisers, who

have had many years of experience. But he would find that
2




4 SCOTT: PRESIDENT'S ADDRESS. Jure 29

electrical engineers have had scarcely any experience with the
high voltages which are now being introduced. In fact the
plants which have been operating at 40,000 volts for more than
two years may be counted upon the fingers of one hand or even
‘upon the thumb.

The newness of electrical work is shown also in our large cities
which depend for their street railways, for their light and for
their power upon apparatus in central stations and upon methods
of transmission which were unknown a dozen years ago.

The electrical reports in the U. S. Census show that the mean
rate of increase in electrical activity as measured by the capital
invested is 20 per cent. each year—it doubles in four years.

Technical schools, electrical courses and laboratories have
increased wonderfully, but their output of young engineers does
not supply the growing demand.

Note how electrical and other interests are interdependent.
The underground railway systems in New York City require the
work of almost every branch of engineering. The purpose of the
whole is the operation of trains. Everything contributes to that
end. The operation is by electricity. So also does every depart-
ment of the system come intorelation with the electrical engineer;
the design of the power house, of the locomotives or motor cars,
of the tunnel, of the track, of the stations, the arrangements for
handling passengers—all are related in some way to the electrical
system. And naturally so—they all are the passive elements
contributing to the one active end, train operation, and electricily
is the immediate active element by which trains are operated.
Hence, in general, all else is adapted and contributes to the
electrical system and must harmonize with it. Hence the elec-
trical engineer is the central engineer, he more than any other.
comes in contact with all; he more than any other needs to know
something of all other departments and professions.

Just as the workmen in a factory depend upon tools and
motorc and transmission circuits and buildings in order to do
their work, so also does modern society depend, for that some-
thing which we call commercial and social life, upon mills and
factories, upon facilities for travel and communication and upon
its bridges and its buildings, its engines and dynamos—all, the
results of engineering work. We know all this, we know that the
new attitude toward nature beginning with the achievements of
Copernicus and Galileo and Newton marked the beginning of new
methods of thought and of action. We know that mechanical



1903.] SCOTT PRESIDENT'S ADDRESS. 5

power by means of the steamship and the railway train has
had the most profound effect upon modern life in every par-
ticuiar—commercial, industrial, social, political. We recognize
the new impetus which has been imparted by electricity during
tiie past score of years. We know all these as physical facts and
we see their immediate effects. But we are so surrounded by
them and they are so close upon us at every hand and we have
become so accustomed to them that I question whether any of us
appreciate and realize their full significance. The immed.ate
effects are readily seen. It is the indirect but far-reaching
influence of the new agencies which is not so easy to discover.

In this new era the AMERICAN INSTITUTE oF ELECTRICAL
ENGINEERS represents the profession which is youngest in years
yet foremost in activity. To meet the present demands of this
new era, to prepare for an expanding future, we may well ask,
What should our INsTITUTE be? What should it do? Shall we
adopt the methods of the old-time learned society? Shall we
imitate the ways of societies or professions whose methods are
established and whose rate of change is slow? Shall we reserve
preferment for those with hoary locks or well-rounded years of
experience? :

Not only the activity of our profession but the spirit of the
times demands something different. We cannot stand aloof, we
cannot be exclusive—we must recognize that we are in a new era
with its unprecedented rate of progress. We cannot wait till
men develop through many years of experience, for they are
needed quickly—how then can we increase the efficiency of their
training and accelerate their development? We have no long
record of achievement and experience to guide; we must execute
and operate in a dozen places what has scarcely had time to
demonstrate its success in its first installation—how then can
we increase the efficiency of our work by extending the knowl-
edge of that which has been done and by crystallizing from
present practice that which should be made standard?

A vear ago when your votes imposed the responsibilities of the
presidency upon me, it seemed that while the preceding year had
fixed a high standard for our monthly meetings in New York, we
should develop next some method by which distant members
might take much more active part in our work. I took up the
conditions confronting me as a definite problem. I studied it
and discussed it with others; it grew, and new phases appeared.

he problem as it presented itself to my mind together with
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certain specific ways for advancing our interests were set forth
in an address upon ‘‘ Proposed Developments of the INsTITUTE ™’
which I read at the beginning of the year. I may add now that
the more deeply I have become involved in the affairs of the
INsTITUTE the more interested have I become and the greater
have its possibilities appeared.

In that address of last September several specific ways were
proposed by which the work of the INsTITUTE might be advanced
during the year. Let us review them briefly, noting their bearing
upon the future.

(1) “ The membership should be increased.”

My own convictions were expressed during the year in the
following words: ** We have failed to catch the spirit of the times
and the kevnote of electrical progress if we do not realize that
we must expand and broaden and progress as well as maintain
high standards of excellence. Full membership should be ex-
clusive, associate membership should be inclusive."”

Our membership list on September 15, 1902, included 1630
names. Since that time nearly 1000 applicants have been elected
as Associates. Who are the men who have come among us?
What is their age, what has been their training, what is their
present position?

The new men range in age from 19 to 65. The ages of those
who have been elected are given in the following table:

Over 50 years..........c.cvuiiiinnnnnnnnn. 2707,
45to 50 years ...... ... ... 2%,
40tod5years ... e 6%
35to40years ......... .. ..., 109,
30to35years ........... ... 249,
25to30years ....... ... ..l 349,
20to25years ... 219,
Under20 years .............ciivunnnnnn. 1%

Approximately 60 percent are between 25 and 35 years of age
and are presumably young men who are getting under substantial
headway in life and are in their accelerating period.

Forty-four percent of these men are graduates of schools of
recognized standing. Of the graduates 45 percent graduated
within the past 5 years (not including 1903), and 77 percent
within the past 10 years. Cornell University leads the list with
12 percent of the graduates; the Massachusetts Institute of
Technology is second with 8 percent: Columbia, Purdue, Ohio
State, Princeton, Worcester Polytechnic Institute, Lehigh,
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Univeisity of Michigan and the University of Wisconsin follow
next and there are substantial numbers from McGili, Sievens
Institute, University of Pennsylvania, University of Illinois,
. University of Minnesota, Pennsylvania State College, University -
of Nebraska, University of California, Harvard, Yale, and Rose
Polvtechnic Institute. In addition there are graduates from
numerous additional institutions, as well as many others who
have not taken degrees.

The position and occupation of the new members is difficult to
classify definitely, but a general summary shows the following:

Electrical engineers with manufacturing companies . . .30%

Electrical engineers with operating companies. .. ..... 25%
Managers and superintendents, duties presumably ex-
ecutive rather than technical .................... 16%
Consulting engineers ...................ccovivennn. 10%,
Electrical engineers with mills, mining plants and the
e, .o 6%
Students . ....o.oiiti e 6%
Professors and instructors . ..... ....... ... ihiiiinnn 49,
Mechanical and electrical draftsmen ................ 3%

I think we may congratulate ourselves that our additions are
truly representative of the electrical engineers of America, in-
cluding not only those advanced in the profession, but young men
of promise—the engineers of the future. An addition of 60 per
cent. to our numbers in a single year principally of men who are
entering active engineering work and who have been attracted
to the INSTITUTE because they believed that it was well worth
while to join, means much to the INSTITUTE, it means much to
the men and it means much to the electrical engineering profes-
sion.

Other plans proposed at the beginning of the year were that:

(2) * Papers and discussions should be contributed from a
larger proportion of the membership.”

(3) *“ Local meetings of the INSTITUTE in various cities will
broaden the interest of its work and generally extend its benefits."”

(4) ** Universities and technical schools with electrical en-
gineering departments may organize local meetings of the
InsTITUTE."

These three lines of activity have developed most satisfactorily
and are closely related to each other. General plans were pre-
sented for the formation of local branches and such branches
have been formed among members in a number of leading cities;
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also 1n many of the principal technical schoois and universities.
In some cases local members and students unite. The methods
have been simple: there is a minimum of organization and
formality; the primary purpose is to bring electrical men
together, to awaken interest, to consider and discuss important
engineering topics. At the beginning of the year definite sub-
jects were assigned for each month for the meetings in New
York. Usually scveral papers were secured from experts upon
each subject. Printed copies of the papers, together with the
stenographer’s report of the New York discussion have been
sent promptly to the secretaries of the local branches. As the
branches have usually held their meetings subsequent to the
meeting in New York, they have had the advantage over the first
meeting in having the discussion as well as the papers. This
material is presented in suitable form by the members of the
local branches and the discussion is continued. Such material
as is new and valuable is reported to the Secretary for publication
in the TRANsACTIONs. By this means thelatest phasesof electrical
engineering work are presented and discussed not in one meeting
only but in more than a score.

Those who have taken up the local work usually report that the
interest, the activity and the attendance surpass expectations.
In nine cities in which local branches have been formed the total
membership has practically doubled. The attendance is not
limited to members, as others are welcome. A number of pro-
fessors have spoken of the interest taken by students and the
avidity with which they enter into the work. One professor
recently remarked to me that the INSTITUTE papers were giving
him a new insight into present electrical engineering and such
papers as those upon Central Station Practice made him realize
how far practical engineers were in advance of the lecture room
and the laboratory.

The element of greatest importance in this extension of our
work is to my mind not so much the mere technical knowledge
which it may diffuse but the broader aspects of up-to-date prob-
lems which it presents and the sentiment of unity and codperation
among electrical men. Electrical engineers have not the advan-
tage of long-time acquaintance, but in this plan we have an
effective means of bringing them together, of uniting them in a
common interest and of directing the studies and the work of
voung men along definite and cffective lines.

At the beginning of the year it was indicated further that:
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(5) ** The collection of engineering data and the establishment
of standard practice in electrical engineering is ¢ne oi the import-
ant functions of the INsTITUTE.”

The present years are formative years. Electrical engineering
is crystallizing. In addition to our Committee on Standardiza-
tion two new committees have been formed, one on High-Tension
Transmission, the other on Engineering Data. The Trans-
mission Committee is composed of engineers of recognized stand-
ing. A consulting engineer is the chairman, and representatives
from several large manufacturing companies and .a western
university complete the committee. This committee is collecting
specific data with respect to present practice in high-tension
transmission and will formulate these dataforthe use of electrical
engineers. It has further prepared a number of short papers as
introductions to discussions upon a number of important
branches of transmission which is calling forth the opinions and
experience of engineers at large.

The Committee on Engineering Data is composed of men of
high standing, under the direction of the Electrical Engineer of
the Niagara Falls Power Company. It has been appointed for
collecting and publishing electrical engineering data upon new
and special subjects which are evolving daily throughout the
country in the practice of the engineering profession. Thereismuch
important data which have not found their wayinto text books
and hand books and about which little is generally known. Such
data, if allowed to follow existing channels, either neverreach the
public, or only after a long period. The first subject to be taken
up for investigation is insulated electrical conductors. Under
this general subject is included the heating of cables of various
character under different conditions, the life of cable insuiations,
the methdds of ventilation in conduits, the effects of short-circutt,
and general data bearing upon the operation of cable systems.

I count such work as has been undertaken by these committees
as of the highest importance to the INSTITUTE and its members,
for it deals with matters vital to substantiai electrical progress.
They are the means of carrying out one of the highest functions
of the INSTITUTE in bringing together the diversified achieve-
ments of many workers which in the aggregate constitute a single
total of accomplishment which we designate as progress. They
bring definite and systematic results out of what is otherwise
indefinite and chaotic. Thus they lay the foundatica for
advancement.
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As a further department of our work 1t was stated at the begin-
ning of the year that:

(6) ** Our library merits a cordial support.” The generous
contributions of members have been continued during the year
by substantial additions to our valuable collection, not only in
contributions of present volumes but in endowment provision
for the continuation of sets which have been presented. Plans
are now under consideration for giving our own TRANSACTIONS
—a panoramic history of American Electrical Engineering—
greater value by preparing a general index to be issued both in
pamptilet form and also on cards, which may be distributed
alphabetically through the card catalogues of public and private
libraries.

The crowning event of the year was in a measure anticipated
by these sentences of last September:

(7) ** Permanent quarters for the INsTiTuTE s*-~uld be an
object of plans and anticipations. * * * Person. acquaint-
ance and social intercourse are influential factors in unity of
sentiment and of action.”

The story of our Library Dinner with its distinguished guest
who spoke in happy mood of American engineers and of codpera-
tion among them and of ‘‘ institutions like this of the Electrical
Engineers which do so much' is already familar to vou, as well as
the events of the following day when he called to his house two
of our members to talk further of what an engineering building
should be and of plans for its realization. I count as the most
memiorable privilege of the present year the opportunity given
me of sitting next to Mr. Carnegie on the evening of our Library
Dinner and the hour in his own library on the following afternoon.
At the dinner he was in the best of spirits, alert, and ever inter-
esting as conversation shifted easily from one topic to another.
The talk was pleasant and appropriate to the hour but never
«rivial.  One topic after another came up, but it was the more
setious, the more definite, the substantial idea which he brought
out before turning to something else. The happy response to his
1oast was almost throughout a repetition of the ideas and the
sentiments which he had expressed in the conversation of the
preceding hour.

In discussing at his house the next day the project of an
engineering building he impressed me as seeking the way by
which he could realize an ideal. He was not very familiar with
the organization of the several engineering societies, he knew
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little of their methods and of their financial means and their
tacilities. But he saw a need, 1ot wmereiy tne physical need of
accommodations, but the higher need of elevating and developing
engineering and engineers. He used about these words: ‘‘ Yes;
engineers need to get together, they need to get acquainted and
to meet socially. You can provide for that, can younot?” 1In
his address as President of the Iron and Steel Institute since that
time he has discussed methods of industrial organization, par-
ticularly the relations between men,and he has emphasized the
advantages of a general partnership and common codperation.
When, a few days after our first conversation,estimates and a
general scheme of procedure were presented, Mr. Carnegie did not
care to go into the details of method. He seemed to have con-
fidence that engineering organizations could develop their plans
in the ways which would be most efficient. He set no restric-
tions. The great Gift to Engineering is presented in a single
sentence shorter even than the superscription of the letter which
proffers a million dollars. Four of the organizations (the fifth
has not yet taken final action) which were designated in his letter
have without hesitation formally accepted the administering
of this generous gift to engineering and their representatives are
now actively developing plans. These plans look forward to the
realization of an ideal long cherished by some of the foremost and
far-seeing engineers of the country, an ideal in harmony with the
new era in engineering and with the trend of American develop-
ment, an ideal which brings within its scope the advancement of
the engineer and of his profession both within itself and in its
outward relations. In short, an ideal the realization of which
will strengthen modern engineering—the very basis of national
prosperity and progress—and will exert influences which are
beyond our power to discern.

The remaining specific way mentioned at the beginning oi tiie
vear for advancing the interests of the INSTITUTE was:

(8) ** Cooperation with similar institutions in other countries. *

Our relations with the Institution of Electrical Engineers orf
Great Britain in particular are most cordial and beneficial, ana
we are planning to have its members with us at the time of the
Engineering Congresses to be held at the St. Louis Exposition
next year. But the idea of cooperation has had its development
along domestic rather than foreign lines. It is not worth whiie
here to recount the advantages of cooperation. We recognize it
as the modern method. The possibilities which may come
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through coéneration a::.‘xong engineers and in engineering work
are hardly less than those which are recognized in industrial.
commercial. financial and social affairs. The founding of the
John Fritz medal, and the gift of a Union Building are magnifi-
cent examples.

In the interrelations between societies, care must be taken
that individuality and freedom for individual development are
unrestricted, and that the points of contact and common endeavor
are only those in which the most efficient results can be obtained
through codperation. I think all will agree that just as
electricity has been pre-eminently a unifying element in modern
affairs, so also the electrical engineer should be a unifying element
in the engineering profession and that there should be in par-
ticular a codperation among electrical organizations. Let us
develop the ideal and then realize it as best we may, step by step,
in the future.

To present definitely a general scheme I will give the substance
of a sugzestion which I presented to our Committee on Affiliated
Societies which now has the general subject under its considera-
tion.

First.—A plan should be outlined providing for special depart-
ments or sections of the INSTITUTE for such lines of electrical
work as may demand greater attention than can be given by the
INsTITUTE as a whole and which can be more efficiently conducted
in this manner than by the formation of new specialized societies.

Second'y.—Affiliation or codperation is desirable with other
electrical associations by which the INsTITUTE may work in
harmony along certain lines, such as Standardization, adoption
of the National Electric Code, the Collection of Engineering
Data and other matters of a general nature. Many associations
dealing with specific industries have both commercial and en-
gincering interests. I would make the INsTITUTE the electrical
head or center, bringing into a unity the electrical engineering of
all these associations, not restricting, but broadening their work
and making them constituent parts of a great whole.

Thirdly.—There is opportunity for close relations between our
local branches and local engineering societies or clubs. In two
or three cities the local societies are considering plans of uniting
sections of their societies with local branches of the National
Societies. Think for a moment of the possibilities in elevating
the work and increasing the efficiency of engineering organiza-
tions by establishing close ties between local and national
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societies—keeping them in close sympathy and codperation, and
bringing them into one great system! The success which has
attended our branch organizations augurs well for further
extension by similar methods for awakening and stimulating a
general interest in engineering subjects. )
,Fourthly.—There should be codperation—without affecting
their present individuality—between national engineering socie-
ties in the nature of a National Engineering Congress for promot-
ing closer relations between the various branches of engineering
work and for representing the engineering profession as a whole.

In this summary review of the year’s work no mention has
been made of less conspicuous though scarcely less important
matters—the Committee on Finance, the Committee on Papers,
the Editing Committee, the Board of Examiners, the Committee
on National Electric Code, the Reception Committee, the Com-
mittee on Membership, the codoperation of the INSTITUTE in the
establishment of the John Fritz Medal, the plans of the INSTITUTE
for the Louisiana Purchase Exposition, the extension of certain
privileges to students in electrical engineering upon the payment
of a small fee, the plans for receiving graduating theses and
according recognition to those of superior excellence. On the
Board of Directors and the Committees are earnest active men
who have freely contributed time and labor to the advancement
of your interests. After all, the element which promises most
for our future is the spirit of the men who are leaders in our work
and the ready response to their efforts which has come both from
our members in carrying out our work and from those who have
come in such generous numbers to join with us.

It is difficult to see wherein our work can be materially reduced
without serious loss. It is easy to see how it may be expanded.
I emphasize particularly the establishing of permanent com-
mittees to be continued from year to year to carry on lines of
work such as the committees on standardization, on transmission,
and on engineering data. The value of the results is unques-
tioned, but the amount of work necessary is not so readily
appreciated. We must depend for our best work upon the men
who are busiest and who are in a way least able to give it. We
must efficiently utilize small contributions of endeavor and
assistance from many men. This requires organization and
direction, these men should have the fullest assistance from
others who are paid to carry out their directions and to care for
details.
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Our expenses are within our income simply because we have
becri watchful, restricting expenditure at every turn. In order
to expand and to carry out the lines of work which are most
valuable to ourselves as individuals and for the substantial pro-
motion of electrical engineering and of electrical industries, we
need money.

In the Union Building for the Engineering Societies, it devolves
upon the societies to provide the land upon which the Carnegie
gift is to be placed. To provide for the INSTITUTE in this matter,
a committee has undertaken the raising by subscription of a
fund for this purpose. This magnificent supplement tc what Mr.
Carnegie is doing will give the INSTITUTE rent-free its building
- for general meetings, for library, for offices, reading and reception
rooms and the like. This will enable us to devote to technical
purposes the funds which would otherwise be required for rent,
‘which are considerable now, and would be greater in the future.

We anticipate substantial contributions from those who have
reaped a rich reward from the applications of electricity. Their
wealth has come in no small degree from the work of electrical
engineers. Whatever the INsTITUTE may do in raising the
standards and increasing the effectiveness of electricalengineering
brings rich returns to those men and particularly to those com-
panies commercially interested in electrical pursuits. The
farmer saves from his surplus the best seeds for the coming
season—should not some of the wealth which engineering effort
has produced be returned to train men and to develop methods
for the future? Isnot the wholesome recogniiion of the engineer-
ing profession by Mr. Carnegie coupled with his generous gift but
the beginning of a new attitude toward engineering and of better
things to come? Engineering researches and investigations and
tests requiring large sums of money should be undertaken. It is
not too much to hope that if we use well the talent which has
been given us, more may be entrusted to our keeping.

But building and library, professivnal papeis and technical
data are only the facilities, the means, the tools, for the men who
are to use them. We must develop men, more effective men.
Let us maintain high standards of excellence, of professional
attainment and of integrity. This does not require that we be
too exclusive, holding ourselves aloof and apart. In religion the
ideal is no longer the monk in the cloistered cell, it is activity in
daily life. Electrical engineering is in contact with many
interests, let electrical engineers be in touch with many men. In
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one sense engineering and commercialism are widely apart. YeZ
there is a commercial side to engineering, not mere selling, but
the adaptation of engineering work to definite industriul and
commercial conditions in such manner as to bring the best re-
sults. In our papers we do not discard subjects which are of
engineering interest and value, simply because they may be of
financial importance to some one. It is not our function to
treat simply of the things which are of no value to anybody.
Yet our criterion is not commercial, but engineering; practical
common sense, not sentiment, must prevail in our relations to
things and to man. The engineer is not merely the man in the
closet surrounded by slide-rulesand tables. Electrical enterprises
depend upon manufacturers, industrial captains and financial
managers—upon those who construct and apply and use and di-
rect the results of engineering work. Engineers should
know these men and work in harmony. with them. The
plan for the new Union Building—the Capitol cf American En-
gineering—not only brings engineers of different professions to-
gether but it recognizes broader relations, as the engineering
societies will be adjacent to a social club ‘‘ composed of engineers
and others who may be interested in or connected with the
engineering profession.”

We are in an engineering age, an electrical age, with its physical
commercial, industrial and social changes, with its new conditions,
new opportunities and new responsibilities. And these are the
beginnings of yet greater things to come. Let us be awake
to the times and in touch with modern methods. Let us
make the work, the methods and the ideals of our INSTITUTE in
full harmony with that profession which deals with kinetic
energy and whose units of measure are the units of activity and
whose mission it is to awaken, to energize, to unite, to transform
to operate, to make effective.
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1. INTRODUCTION.

The engineer ordinarily approaches the study of the syn-
chronous converter with ready made kncwiedge of the direct
current dynamo and of the alternating current dvnamo. The
result is that the action of the synchronous converter is usually
described in terms of the activities of the synchronous alternat-
ing current motor and the direct current generator, and the
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theory of the synchronous converter is usually developed in
terms of those notions which apply primarily to the synchron-
ous alternating current motor on the one hand, and to the
direct current generator on the other. As a matter of fact, the
external clectrical relations of the synchronous converter may be
completely represented by this method of attack. When, how-
ever, the synchronous converter itself—its internal actirities, as it
were—is the object of study, the notions of the synchronous
alternating current motor and of the direct current generator do
not suffice. There are certain elements of behavior of the syn-
chronous converter which are foreign both to the synchronous
alternating current motor and to the direct current generator:
to examine into these elements we must attend to the actual
physical activities of the synchronous converter without regard
to the mathematical analysis of these activities into their more
or less fictitious and unreal compopent parts, namely: syn-
chronous motor activities and direct current generator activities.
I give in a subsequent section of this paper a statement of the
criterion which enables one to judge of the physical reality or
unreality of the component parts into which a physical aggregate
is resolved by mathematical analysis, and it suffices here to state
that this criterion shows the physical unreality of synchrcnous
motor activity and direct current generator activity as com-
ponent parts of the activity of the synchronous converter.

2. THE SYNCHRONOUS CONVERTER COMPARED WITH THE AUTO-
TRANSFORMER. STATEMENT OF OBJECT OF THIS PAPER.

Let b Fig. 1 represent one of the
d.c. brushes of a two-ring con-
verter. Let this brush be chosen
as the zero or reference point of
potential, and let d represent the
other d.c brush. Let r be the

osition of the a.c tap at a given
instant. This tap r is at a poten-
tial which is between the potentials
of band @ Let 7 be the instanta-
neous value of the alternating cur-
rent entering at r. A portion, A,
of this current ¢ flows up hill, as it
were, from r to a, receiving energy
because of assistance duc to the
induced electromotive forces in the
windings between r and a.  An-
other portion, B. of the current 7
flows down hill from r to b, giving
up energy because it is opposed by
induced electromotive forces in
the windings between r and b.

Let b, Fig. 2, represent one of
the service mains to which alter-
nating current is supplied by an
autotransformer. Let this main
be chosen as the zero or reference
point of potential. and let a repre-
sent the other service main Let
7 and r’ be the twc supply mains.
The main r is at a given instant
at a potential which is between the
potentials of b and a. and the cur-
rent ¢, which enters at r at the given
instant divides into two parts. A
and B. The portion A flows up
hill, as it were. to a, receiving
encrgy because of assistance due
to the induced electromotive forces
in the windings between r and a.
The other portion. B, flows down
hill, from 7 to b, giving up energy
because it is opposed by induced
electromotive forces in the wind-
ings between r and b,



1903.] FRANKLIN: SYNCHRONOUS CONVERTER. 19

The energy received by the cur- The energy received by the cur-
rent A as itisboosted up fromrtoa  rent A as it is boosted upfromrtoa
is in general equal to the energy is equal to the energy which is de-
which is delivered by the current B livered by the current B which
which lows down from r to b. flows down from r to b.

In the auto-transformer a definite portion of the energy which
is transferred from the supply mains to the service mains is
transferred by virtue of the conductive connections between
supply mains and service mains through the windings of the
transformer. In the synchronous converter, also, a definite
portion of the energy which is transferred from the supply mains
to the service mains is transferred by virtue of the conductive
connections through the armature windings of the converter.

The Synchroncus Converter
The Autotransformer

a

A

—_———

P b

Fig.1 lb Figs

In the auto-transformer a definite portion of the energy which
is transferred from the supply mains to the service mains is
transferred by being inductivaiy transformed from winding B,
Fig. 2, which acts as a primary coil, to winding A, which acts as
a secondary coil. In the synchronous converter a definite por-
tion of the energy which is transferred from the supply mains to
the service mains, is transferred by being inductively transformed
from the portion B, Fig. 1, of the armature winding, which at the
given instant acts as a motor, to the portion A of the armature
winding, which at the given instant acts as a generator.

The object of this paper is to determine, of the total energy
which flows through a synchronous converter, the fractional
part which is conductively transferred from supply mains to
service mains, and the fractional part which is inductively trans-

e
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formed. In case of the two-ring converter, the inductively
transformed energy consists of two distinct parts, namely,
(a) The energy which is transformed by simultaneous and
balanced generator-motor action, and (b) The energy which is
transformed by successive and unbalanced generator-motor
action. These parts will be more fully discussed when we con-
sider the problem of the two-ring converter.

3. THE MANY-RING CONVERTER.

Fig. 3 represents one side of a two-pole, many-ring converter.
E is the electromotive force between the d.c. brushes a and b,
I is the direct-current entering at a and leaving at b, 7 is the
current in the armature wires, at a point on the armature which

is at angular distance 8 from brush a, and d7 is the value of the
alternating-current flowing out of all the collecting rings con-
~ nected to commutator bars in the angular element d 8 at the
instant that these bars are at angular distance 8 from brush a.
The arrows represent the directions in which the various electro-
motive forces and currents are considered as positive. ~
We shall assume here, as also in the discussion of the two-ring,
the three-ring and the four-ring converters, that the converter receives
alternating-currents at unity power-factor, that alternating electro-
motive forces and currents are harmonic, and that the losses of
encrgy in the converter are negligible. _
Before proceeding to the consideration of energy transforma-
tions, it is necessary to determine the distribution of current in



1903.} FRANKLIN: SYNCHRONOUS CONVERTER. 21

the armature for given direct current output. From the above
assumptions, we have:
di=—Acospf.dj (1)

in which A is an undetermined constant. Integrating this equa-
tion we have )

i=—Asin3+K ) (2
in which K is another undetermined constant. These constants
A and K are determined by the following two conditions: 1st.
The generator and motor activities are at each instant balanced
in the many-ring converter and 2d, The alternating current input
of power is equal to the direct current output of power. In order
to formulate these two conditions it is necessary to find an ex-
pression for the generator (or motor) action in the element d'3.
Let de be the induced electromotive force in the element d 3.
Then it is easily shown on the basis of the above assumptions that

de=3}Esinf.df (3)
Lot d G be the generator action in watts (motor action if
noyative) in the elementd 8. Thend G =1 .de, or

EA. . EK. . :
dG=——2—sm’ﬂ.dﬂ+ 5 .sinf3.dj (4)

The first condition above mentioried requires that the integral
vidGfrom 8 = O0tof = = shall “eequal to zerc. Thatis:

J—Asin3.da+Ksin3.d3 =0 )
/ |

which gives
L) .
i 2K =0 (6)

The alternating current intake of powerin the half armature is

'}E/‘(l——cos{i)di
0

and the direct current output of power in the half armature is
_ YET
and these are equal, so that, using the value of d ¢ from equation
(1), we have
T
I— [ Acos?f.df—Acos3.d3=0
[
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which gives
[—znA

> =0 (8)

Equations (6) and (8) determine the values of A and K, giving

21 . )
A=— {9
(10)
k=1
2

Using these values of A and K in equation (2) we have
. I 2rI .
i= T sin 8 (11)

It is worthy of note that the problem of the determination of
armature currents in a synchronous converter is one which is
properly based in every case on energy considerations, as in the
above discussion. .

We are now prepared to discuss the problem of energy trans-
formations in the many-ring converter. Since the total genera-
tor action which is taking place at each instant in the many-ring
converter is equal to the total motor action, therefore the induc-
tively transformed power is equal to the total generator action
(or to the total motor action). That is: the inductively trans-
formed power, P, is equal to the integral of (4) over those por-
tions of the armature where d G is positive. Nowd G is positive
where ¢ is positive, since d ¢ is everywhere positive, and from
equation (11) we find that 7 is negative from 8 = 0to § = 51°.73,
positive from B = 51°.75 to § = 128°.25, and negative from 8 =
128°.25 to 8 = 180°. Therefore, attending to one-half of the
armature and multiplying the result by two, we have:

B = 128°.25
2 .
P=E{f-;sm=p.dp+;smﬂ.dp (12)
B = 51°.75
which gives
P =0.1153E] (13)

That is, 11} per cent. of the energy which flows through a
many-ring converter is inductively transformed and 88% per
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cent. 1s conductively transferred from the alternating current
supply mains to the direct current service mains.

ReEMARK :—The activities of the two-ring, three-ring and four-
ring converters are much more complicated than those of the
many-ring converter. The wide separation of the alternating
current taps in the fcw-ring converter introduces pulsations in
value of current and power in the various windings, as they pass
a given point, so that in considering the internal actions of the
few-ring converter, everything must be expressed as a function
of time; and in the summation of generator and motor actions
time integrations are involved.

4. THE Two-RING CONVERTER.

PRig. 4 represents one side of the armature of a two-pole two-
ring converter; r is one of the a.c. taps, @ and b are the d.c.

b\\, I Fig.4

brushes, E is the electromotive force between d.c. brushes, I is the
direct current flowing in at @ and out at b, and 7, and 4, are the
values of the currents in the armature parts as shown at instant
t. The arrows show the directions in which the various electro-
motive forces and currents are considered as positive.

The algebraic expressions for 7, and %, are determined funda-
mentally by the same consideration of energy relations as in case
of the many-ring converter. These expressions are:

1t =3%J]+ Icoswt
} (14)

iy =4I—-Icoswt
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Furthermore,
e.m.f. between aand? = $ E(1 — cosw ?)
(15)

e.m.f. betweenr andb = $ E(1 + cosw?)

Let A be the generator action (motor action when negative),
in watts between a and r; and let B be the generator action
(motor action when negative), between r and b. Then

A=3LEI(}+ $coswt—cos?wt) (16)
B=3}EI(} — %coswt—cos’wl) (17)

In case of the two-ring converter, the total generator action
does not balance the total motor action at each instant and we
must distinguish two parts in the inductively transformed power,
namely : the power P which is transformed by simultaneous and
balanced generator and motor action, and the power Q, which is
first converted ir:to kinetic energy as the armature is accelerated
and afterwards converted back into electrical energy as the
armature is retarded.

The power P /2 (the division by two is on account of our con-
sidering one-half only of the armature) is equal to the integral
of A during the time that A is positive, B negative, and A
numcrically less than B; plus the integral of B during the time
that B is positive, A negative and B numerically less than A4
minus the integral of A during the time that A is negative, B
positive, and A numerically less than B; minus the integral
of B during the time that B is negative, A positive, and B
numerically less than A,—these integrals being extended over
half a cycle, and the final result divided by the duration of half
acycle. The value of P so found when divided by E I gives, of
the total power which flows through the machine, the fractional
part whichis inductively transformed without passing through the
intermediate stage of kinetic energy.

From equations (16) and (17) we find:

1. Generator action in a r is less than motor action in r b from
wt=0towt = 45°

2 Generator action a r is greater than motor action r b from
wt = 45° to wt = 60°. -

3. Generator action takes place in both ar and rb from
wt = 60° to wt = 120°.
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4. Motor action in a r is less than generator action in 7 b from
ot = 120°to wt = 135°.

5. Motor action in ar is greater than generator action in 7 b
fromwt = 135° tow t = 180°.

Therefore,

43 180° 138° 060°
P-EIA.dx+3fB.dx—ng.dx—ng.dx . (18)
k9 T T T
[|] 13° 19%0° 45°

in which x is written for w .

The numerical evaluation of the integrals in equation (18)
gives:

P
EI= 0.09517 (19)

That is; 9% percent of the total energy which flows through a
two-ring converter is inductively transformed by simultaneous
and balanced generator and motor action.

The power Q/2 (division by two is on account of considering
one-half only of the armature) is found by taking the integral of
A+B during the time that this sum is positive, namely; from
wt = 45° to wt = 135°, and dividing the result by the duration
of half a cycle. This gives

135°
E‘QT = f(l —2cos?x)dx = 0.3183 (20)

45°

That is; 31.8 percent of the energy which flows through a
two-ring converter is inductively transformed by successive and
unbalanced generator and motor action.

From the above results, it follows that 58.65 percent of the
energy which flows through a two-ring converter is transferred
from the alternating-current supply mains to the direct-current
service mains by virtue of the conductive connections through
the converter armature.

5. THE THREE-RING CONVERTER.

Pig. 5 shows one side of the armature of a two-pole three-ring
converter . —7 andr” aretwoof the three a.c. taps; a and b are the
dc. brushes;?, ¢ . and 4, are the values of the currents in the

L)
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armature parts, as shown at instant ¢; E is the electromotive
force between the d.c. brushes. and I is the steady current
flowing in at @ and out at 4. The arrows show the directioa
in which the various quantities are considered positive.

The algebraic expressions for 4,, 4, and 7, are

. I 4l N
h_—é - —:—3—\7'3: cos(wt—l50 )
. I 41
I 417
te = 5—375_' cos (wt-l- 900)

For present purposes, we need consider only the generator and
motor actions which occur in the three armature parts a7’,

I
& Figs

r'r” and 77b, during one-third of a cycle, namely, from w¢ = 0
towt = 120°. The integral of all the generator actions in these
armature parts during this thircC of a cycle divided by the dura-
tion of the third of a cycle, gives one-half of the inductively trans-
formed power P.

The electromotive forces involved are as follows:

e.n.f. betweenaandr’ = § E(1 —coswt) (22)
V3 E

———— cos (wt— 30°) {23)

e.m.f. betweenr’ and " = 5

This equation is available only from wt = 0 to wt = 60°
since at the instant @ ¢ = 60°, #” coincides with b and after this

?
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instant a portion of the section r’ #” is in the half armature which
is out of consideration.

e.m.f. betweenr’and b = $ E (1+cosw?) (24)

This equation is used only during the interval from w ¢ = 60°
towt = 120°.

e.m.f. between+” and b = } E [l —cos (wt— 60°)_l (25)
Let A, B’, B” and C be the generator actions (motor actions

when negative) in the armature parts a7’, r’7”, r’b and " b
respectively at instant 2. Then we have:

A =3}E(l—coswi).i, (26)
B -*/—g—g.cos(m—ao").i, (27)
B* = }E(1+ cosw?) .4, (28)
Cc -;E[l;cos(wt--em)].io (29)

Equation (27) applies fromw? = 0 towt = 60°, and equation
{28) applies from w ¢ = 60° tow ¢ = 120°.
From equations (26) to (29) we find:
A ispositivefromwt = Otowt = 100°.5
A isnegativefromwt = 100°.5towt = 120°
B’ is negative all the time during which it applies
B” is negative fromwt = 60°tow t = 79°.5
B’ is positive fromwt = 79.°5towt = 120°.
C ispositivefromwt = 0towt = 60°

Therefore
100°.5 120°
p=3 A.dx+£f”.dx-'l—i C.dx (30
T T 9
79°5

Substituting the values of 4,, %, and 7, from equation (21) in

-equations (26), (28) and (29), and the resulting values of A, B”

and C in equation (30) and integrating, we find:
P =02358E1 (31)

That is, 23.6 percent of the energy which flows through a
three-ring converter is inductively transformed by simultaneous
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and balanced generator and motor action, and the remainder,
76.4 percent is {ransferred from the supply mains to the service
mains by virtue of the conductive connections through the con-
verter armature.

6. THE Four-rRING CONVERTER.

Fig. 6 shows one side of the armature of a two-pole four-ring
converter; 7’ and r” are two of the a.c. taps; a and b the d.c.
brushes; 4,, 4, and 1, are the values of the currents in the armature
parts, as shown at the instant ¢; E is the elzctromotive force be-
tween the d.c. brushes, and 7 is the current flowing in at @ and

b“\l Fig.6

out at . The arrows show the direction in which the vari-
ous quantities are considered as positive,
The algebraic expressions for 7,, &, and ¢, are as follows:
/

i.=—é — \/——IQ_ cos (wil - 135°)

;1 —I os (wt - 45°) (32)
BT v SR

o= -2£—\/L§.cos|wt-f~45°)

Furthermore, e.m.f. betweenaandr’ = 3 E(1 —cosw?) (33)
e.m.f. betweenr’ and ¥’ = E cos (wt — 45°) (34)
e.m.f. betweenr” and b = } E(1 —sinw?) (35)
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In the present case we need only consider the generator and
motor actions which occur in the half armature during a quarter
of a cycle, namely, fromw? = Otowt = 90°. The integral of the
generator actions in the three armature partsar/,r’r, and 7" b
during the specified quarter of a cycle divided by the duration of
a quarter cycle, gives one-half of the inductively transformed
power P.

Let A, B and C be the generator actions (motor actions when
negative) in the armature parts ar’, 7' r”,and 7" b respectively
at instant 2. Then we have:

A=%E(l—coswt).1, (36)
B = \/5_ .COs (w t— 45°) . ‘ib (37)
C=3E(G—sinw?).i (38)

Prom these equations we find
A is positive fromwt = 0towt = 90°,
B isnegative fromwt = QO tow ¢ = 90°.

C is posttive fromw? = Otowt = 90°.

90° 90°
P-inA.dx-l- inC.dx (39)
T T

in whaich x is written for w .

Substituting the values of 4, and %, from equations (32) in
equations (36) and (38) and substituting the resulting values of
A and C in equation (39) and integrating, we find

‘Therefore,

P=01285E] (40)

That is, 12.9 percent of the energy which flows through a four-
ring converter is inductively transformed by simultaneous and
balanced generator and motor action, and 87.1 percent is con-
conductively transferred from the supply mains to the service
mains
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7. SUMMARY.
Energy Transformations in the Synchronous Converter.
Percent of energy Percent of energy
transformed by | transformed by |p...ent of en-
Number of (successive and un-|simultaneous and| " 4 oo
rings. balanced genera-|balanced generator lgyt o ferred.
tor and motor ac- and motor y transierre
tion. action.
2 31.83 9.517 58.65
3 0 23.58 76.42
4 0 12.85 87.15
Infinite 0 11.53 88 47

The calculation of these results demanded a great deal of pains-
taking computation; in fact, an amount which is very unusual
in problems of this kind. These computations were done chiefly
by Professor Wm. Esty, to whom the author wishes to express
his thanks.

8. ARMATURE REACTION OF THE MANY-RING CONVERTER AND ITS
ErreEcT IN DISTORTING THE ELECTROMOTIVE FORCE
CURVE OF THE MACHINE.

Consider the distributioa of the magnetic field in the gap-space
when the load on the converter is zero, and consider the distribu-
tion of field in the gap-space when the machine is delivering an
amount of direct-current /. Let f Le the difference in value of
these two fields at a point at angular distance 8 from the direct
current brush a, Fig. 3. Let df be the variation of f in the
element of angle d 8. Let ! be the magnetic length of the gap-
space in centimetres, #n the number of armature conductors per
centimetre of armature circumference, and let 7 be the current
in the armature conductors at the element d 8. Then from the
fundamental relation between magnetornot:ve force and current-
turns, we have:

l.df= —1—0— ‘ni.df
4nni
or df = o dg (41)
Substituting the value of ¢ from equation (11) we have
27znl 8nl
df = o1 48— g sinB 48 (42)
Integrating
_2znlB3 8nlcosf
f==11 +—101 € (43)
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In which C is a constant to be determined. By symmetry of
winding and symmetry of distribution of current in two halves of
armature, the value of f when 8 = 0 must be equal and opposite
to the value of f, when 8 = #. Applying this condition to equa-
tion (43) we find,

=2nl
C=—Tor (44)
which, substituted in equation (43) gives:

This equation holds good on one side only of the armature.
Por expressing the values of f on the other side of the armature,
the angle 8 must be measured from the brush b, Fig. 3.

If the electromotive force curve of the converter is determined
by using an auxiliary concentrated winding of T turns of wire,
then the amount by which the ordinate of the full load electro-
motive force curve exceeds the corresponding ordinate of the zero
load electromotive force curve at the point 8 in volts is

e =2LTvnl 3 2p18c0sp—n) <100 (46)

in which L is the length of the armature in centimetres and v is
the peripheral velocity of the armature in centimetres per second.

If it is desired to cut away a layer of thickness x from the pole
face, so as to compensate for the armature reaction at full load,
causing the machine to give the same electromotive force curve at
full load as it previously did at zero load, this may be done and
the thickness x is a function of 8. In fact

x=%.l

in which B is the field intensity in the gap-space at zero load.
Therefore

x-;‘—ol—g (2 % f+8cos f— %) (47)
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9. Tue CRITERION OF REALITY oF THE COMPONENT PARTS INTO
WHICH A PHYSICAL AGGREGATE IS RESOLVED BY
MATHEMATICAL ANALYSIS.

In the derivation of an algebraic expression for a determinate
physical variable, two sets of conditions in general apply:—1. The
condition or conditions which must be satisfied always and every-
where; that is, throughout the interval of time and throughout the
region of space over which the expression is to apply. These
conditions are in most cases the requirements of the principle of
the conservation of energy. 2a, The condition or conditions
which must be satisfied at the boundary of the region and 2b,
The condition or conditions which must be satisfied at the begin-

- ning of the time. Conditions 1 we will call persistent conditions.
Conditions 2a may be persistent.

Consider as an example the problem of the vibration of an
elastic string. The energy of the string is repeatedly trans-
formed from kinetic to potential and back again, and the con-
stancy of total energy is expressed by the well-known differential
equation:

@y &y
P P (@
which must be always and everywhere satisfied.
At the ends of the string we have the persistent conditions,
. x=0
9 = 0 when or )
x =]

Any motior of the string is possible which satisfies these per~
sistent conditions. Suppose that at the instant ¢ = 0, the string
is distorted into the shape represented by the equation,

y=Ff ©)

The solution of the problem is

y= A sin 2 1rlx + B sinézlf+Csin Gle-l- S @)

" The various terms in this equation represent the component
parts into which the actual motion of the string is resolved by the
mathematical analysis of the problem. Each of these component
parts satisfies all the persistent conditions cf the problem and
may therefore actually exist by itself, and there is noreason why
we should not look upon each of these parts as real. In general,
the component parts into which a physical aggregate is resolved by
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mathematical anaiysis may be considered as real when each of these
parts satisfies all of the persistent conditions of the problem and may
exist alone.

Consider, as another example, the problem of the decay of
current in an inductive circuit when the driving electromotive
force is removed. Placing the rate of disappearance of electro-
kinetic energy equal to the rate of generation of heat in the cir-
cuit, we have as a result the differential equation:

. di
R1+Ld—t-=0 (e)

which equation must be always satisfied. Furthermore, at the
bezinning, the current has a certain prescribed value I. That is:

1= Iwhent=0 0}
The solution of this problem is
: r £ p
i=l0—t+ v —1ogtTaga — ) (9

in which R/L has for brevity been placed equal to unity. The
various terms in equation (g) represent component parts of the
current 1: these parts do not satisfy the conditions of the preblem;
they cannot exist alone under the conditions of the problem, and
therefore these parts cannot be looked upon as physically real.
In gencral, the component parts into which a physical aggregate is
resolved by mathematical analysis cannot be considered as real when
they do not separately satisfy the persistent conditions of the problem
and when these parts cannot exist individually and separately under
the conditions of the problem.

Consider the case of the polyphase synchronous converter after
it is in full operation. The persistent condition is equality of
inflow and outflow of electrical energy and constancy of kinetic
energy of armatute. The problem of the determination of arma-
ture current under these conditions leads to expressions [see
equations (11), (14), (21) and (32], which involve two terms.
That is: the armature current is resolved into two parts and
these parts co-respond to inflowing alternating current and out-
flowing direct current respectively. Thiscorrespondence strongly
suggests the physical reality of these two parts of the armature
current; but as a matter of fact neither part of the armature
current satisfies the conditions of the problem, neither part can
exist alone under the conditions of the problem and therefore
these parts are mathematical fictions and not physical realities.
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Discussion.

SamueL SHELDON:—I had the good fortune to see this paper
before it was presented here, being chairman of the Committee
on Papers, and therefore I have the advantage of the rest of
the members present. I think that the great amount of work
which has been put upon the paper ought to be recognized by
the ‘membership.

The conclusion which Professor Franklindraws on the last page
of this paper, is as follows:

“The armature current is resolved into two parts, and these
parts correspond to inflowing alternating current and outflowing
direct current respectively. This correspondence strongly sug-
gests the physical reality of these two parts of the armature
current; but as a matter of fact neither part of the armature
current satisfies the conditions of the problem, neither part can
exist alone under the conditions of the problem, and therefore,
these parts are mathematical fictions and not physical realities.’’

This agrees perfectly with my understanding of the case, but
I have not come to this conclusion by the application of his
criterion. It seems to me that in any portion of a conductor
that is supplied with e.m.f.’s of any sort there never can
be but one current, and it is always in phase with itself. Now,
I know that it is very convenient, when a wave is distorted
because of hysteresis or anything else, to divide the current
into two parts which are called wattless and watted, these com-
ponents differing in phase by 90 degrees, but a physical con-
ception of the flow of current in a circuit does not permit of
such a division of the current. Consider an armature inductor
of a converter. If any current at all flows in it, it must flow
in either one direction or in the other. Now, if the
current be flowing im the same direction as the e. m. f., which
is being induced in that inductor, then that particular inductor
is acting as a generator. If it be flowing in an opposite direction,
then that particular inductor is operating as a motor. In the
armature of any synchronous-converter motor and generator,
actions exist separately at different parts of the armature.
They may be balanced, one being equal to the other but oppo-
site in direction, but the motor activity is transmitted mechan-
ically through the structure of the armature. In a three-phase
converter it is present at all times, and the armature rotation
is synchronous with the three-phase currents which produce
it. Therefore, I cannot see how Professor Franklin’s conclusion
can be made to correspond with the statement on page 876,at
the close of paragraph 1, which says:

“I give in a subsequent section of this paper a statement of
the criterion which enables one to judge of the physical reality
or unreality of the component parts into which a physical aggre-
gate is resolved by mathematical analysis, and it suffices here
to state that this criterion shows the physical unreality of syn-
chronous motor activity and direct-current generator activity
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as component parts of the activity of the synchronous con.
verter.”

Professor Franklin has called cttention to the fact that this
subject is a difficult one to handle by this method. Thisisevident,
and'I think the subject can be treated in amuch more satisfactory
manner in the case of an actual converter, as well as of a theo-
retical converter, by making use of a series of current-time
curves plotted one above the other, on abscissas which repre-
sent times or angular positions of the armature core. Consider-
mg a bipoular machine, the shape of this current-time curve is to
be derived by combining the direct current rectangular curve
which changes its direction as the coil under consideration
passes under a brush, with the alternating current curve. If
the latter be assumed to be sinusoidal, as has been assumed
in this paper, it will have a maximum value of twice the direct
current output divided by n times the sine of = divided by #,
where n represents the number of phases under consideration
or the number of taps or slip-rings. These two curves are to
be combined at a phase difference depending upon the angular
position of the coil under consideration relative to the coil
which is midway between two successive taps, and upon the
power-factor. In an ideal converter at unity power-factor, the
alternating current in all coils between two successive taps has
a maximum value when the middle coil is under the center of
a pole. This method may appear difficult, but for an actual
converter it is not at all difficult. The drawing of the curves
merely involves the use of a T-square and a templet which
corresponds to the a.c.wave form. Draw one above the other,
and on the same abscissas, as many current-time curves as
there are coils between two alternating current taps. Then, by
placing the edge of a ruler vertically over any abscissa, the
instantaneous values of the currents in that particular phase
for any or all coils at that time can be read off, and for any
other phase the currents at the same time can be taken from
the same set of curves by displacement of the ruler by a proper
number of degrees. I think that this method has some ad-
vantages over that of Professor Franklin. He has to assume
that the e.m.f., which is induced in the inductors; that is, the
distribution of flux, is cosinusoidal. In using the graphica:
method, any distribution of flux may be considered, and
it can be used for determining the power in any inductor
In any position. Furthermore, the operation losses which are
neglected in the analytical treatment can be considered. I
have employed the graphic method just mentioned and have
gone through the calculations for the three-phase converter, and
I obtain practically the same results as Professor Franklin
has found here; namely, that about 23 percent of the energy
15 transferred by simultaneous and balanced generator and
motor action. The coils which are acting as generators are,
however, distinct from those which are acting as motors at the
same instant of time.
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[COMMUNICATED AFTER ADJOURNMENT BY SAMUEL SHELDON.]

From calculations, which have been carefully gone over since
the presentation of Professor Franklin's paper, and which I am
firmly convinced are correct, the value of the amount of energy
transformed by simultaneous and balanced generator and niotor
action, in the case of a 4-ring converter, is about 18 percent and
not 12.85 percent, as given in the paper. Further calculations
confirm the values given in the paper for the single-phase and the
ihree-phase converter.

It seems to me unfortunate that the auto-transformer should
have been chosen and used as analagous in operation to the
converter, especially in theseffort to draw any conclusions as to
the physical reality or unreality of motor and generator actions.
The rotating part of the synchronous converter, through its
kinetic energy, acts as a medium of conversion between the
electrical energies of input and output. The core of the auto-
transformer, through the potential energy of its magnetic flux,
performs a similar service. Therefore the presence of motor
activity is to be looked for and expected in the converter,and its
absence can be postulated in the case of the auto-transformer.
This follows also from a consideration of the field magnets, which
are present in the case of the converter but are wanting in the
auto-transformer. Furthermore, the inductive relations between
the different coils on the core of the auto-transformer are at the
basis of its operation and therefore the self and mutual induct-
ances are made comparatively large, while the inductive relations
between the coils on the core of the converter armature are
insignificant factors in its operation and, therefore, the self and
mutual inductances are intentienally made small. In fact, the
differences between the constructions and the methods of opera-
tion cf the two machines are many and fundamental.
phase synchronous converter, states as the ** persistent condition’”

Professor Franklin, in applying his criterion of reality to the poly-
the *“ equality of inflow and outflow of electrical energy and con-
stancy of kinetic energy of armature.”” He erroneously includes,
in his treatment equation (14), which represents, by the two
terms of its second member, the two components of the armature
current in a 2-ring converter. In this machine there is an in-
equality between inflowing and outflowing electrical energy and
there is not a constancy of kinetic energy of armature. The
‘ persistent condition "’ may be better stated, in that both single
and polyphase converters are included, as follows: A constant
difference between the inflow of electrical energy and the kinetic
energy of the synchronous converter armature which is equal to the
constant outflow of energy.

Professor Franklin states in substance that the component parts
of an equation donotstand for physical realities unlessthey separ-
ately hold for all the * persistent conditions "’ of the problem,
and may exist alone all the time under said conditions. He con-
cludes that the component parts of the equations representing



1903.] COMMUNICATED AFTER ADJOURNMENT. 87

motor and generator actions in a converter cannot exist separa-
ately all the time and that there are, therefore, no physically real
motor and generator actions. By the same token his ‘“Criterion”’
cannot be valid unless good for every instant of the persistent
conditions present in a converter. Now, in a 2-ring converter
when the a.c. taps are under the d.c. brushes the exact conditions
are present within the machine that are found in an ordinary con-
tinuous-current motor, and no others. From this it is evident
that physically real motor action must be the action that is going
on at that time. After a revolution of the armature through 90°,
the exact conditions of an ordinary continuous-current generator
are present, and no others. At that time there must be physically
real generator action going on. All of this is contrary to the con-
clusions derived by Professor Franklin from the use of his *“ Cri-
terion,” and they suggest that its use fails to give a convincing
consciousness of the physical reality or unreality of the actions
which can be represented by the component parts of an equation
for a physical aggregate.
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COMMERCIAL ALTERNATOR DESIGN.

BY W. L. WATERS.

Deals with the chief elements entering into the
desl of alternators which affect the cost of the
ine and gives a short account of the general
tendencxes in alternator design. Questions dealt
with from the practical rather than from the
theoretical standpoint.

The design of alternators has been treated times without num-
ber, but usually the commercial element in the design, 7.e., the
relation of factory cost to selling price, has been left out. An
engineer has been defined as a man who can o for one dollar
what any fool can do for two, and this definition applies fairly
well in connection with the design of machines. The man who
can design the cheaper machine to satisfy a given specification
is the better designer.

Speaking generally, there is no type of alternator that will com-
pare with the internal revolving-field type with each pole carrying

.a separate field-coil of edge-on copper strap. The revolving-
armature type is cheaper for high frequencies and low voltages.
The inductor type is good for small 60-cycle high-speed machines,
and the disk alternator without iron in the armature is an excel-
lent machine for high frequencies. But these machines, though
good enough in their own limited field, do not compare with the
revolving-field type for general all-around work.

The revolving-field alternator took its present form about 1892
when Mr. C. E. L. Brown designed machines which were practi-
cally modern machines, while in 1893 Mr. S. Z. de Ferranti in-
stalled some 210 kw alternators at Portsmouth, England, which
were of similar design to those of Brown'. Before this date

1. I understand from Mr. Brown that the firm of Brown, Boveri et Cie,
deserves to some extent the credit for the design of the Portsmouth alter-
pators, though Mr. Ferranti was the first to use edge-on copper strap for

Held magnets.
29
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machines of this type were of a clumsy amateur design, and their
performance was, generally speaking, very poor. And strangely
enough, these two engineers after bringing out a first-class
design, apparently abandoned further development, and their
machines to-day are almost identical with their machines of ten
years ago.

It has taken the different manufacturing concerns a long time
to recognize the superiority of the Brown and Ferranti type for
standard work, and it is practically only during the last three or
four years that this type has been generally adopted. The result
is that except for a few minor details, the construction of these
machines has been improved very little since they were first
introduced, while the excellence, from a commercial point of
view, of the electrical design of Brown's early machines seems
hardly recognized even yet by some engineers; and we have
alternators on the market which are for a given performance
decidedly more expensive than Brown’s machines of ten years
ago.

The armature frame in the Brown type of machine was simply
a skeleton cast-iron frame for clamping the laminations together,
and was full of large ventilating holes, while the ends of the arma-
ture coils stood out from the laminations quite free and exposed
to the full windage of the magnet-wheel. The numerous holes
gave excellent cooling effect, but they cut all the strength and
stiffness out of the frame, and the armature had to be stiffened
by a series of tie-rods or struts. This construction which saves
material at the expense of labor, has become standard with
German and Swiss firms, though on account of its unsightly
appearance it has never found favor in this country. This type
of alternator, shown in Fig. 1, has retained practically its original
form up to the present and developments that have taken place
have been mostly in the Ferranti type.

American and English engineers have followed the Ferranti
type shown in Fig. 2, and made the armature frame stiff enough
to stand without bracing. The trouble with this dbnstruction
was originally the poor ventilation of the armature. Ventilating
spaces were either not used or if they were, there was no proper
circulation of air through them. The end connections on the
armature winding or the ends of the coils, were packed tight
together, or were closed in by cover-plates permitting no ventila-
tion at all. Thus, the armature winding was usually the hottest
part of the machine. Soeven allowing temperature rises of 45°C.,
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the machines would not give anything like the rating they
should, simply on account of the poor ventilation. And because,
when American and English engineers took up the revolving-field
type of alternator, the badly ventilated Ferranti type was
adopted and the great importance of ventilation was not rec-

Fic. 1.

ognized, the development of alternator design in America and
England has been comparatively slow.

The improvement in ventilation which has recently taken
place in this type of alternator is really the greatest forward step
that has been made and it has given the designer immense help
in increasing the output of his machines.
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Fig. 3 shows an old, badly-ventilated armature, while Figs. 4
and 8a show a more up-to-date well-ventilated machine. In Figs.
4 and 8a it will be seen that where the ends of the armature coils
crossone another they are separated by an air-space and that the

Frc. 2.

end covers are full of ventilating holes, so that there is a circula-
tion of air all around the coils, and the armature winding instead
of being the hottest part of the machine, becomes the coolest.
The armature core is well provided with vent spaces both at the
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center and at the ends, and the air passing through these vents is
free to escape at the back of the core. This type of armature
coil has the additional advantages that if lightning gets into the
machine or a coil is burnt out, the damage is confined to one coil

! LD
Ly l"”tw‘u““;u*uﬂwt‘ J

Fic 3

and we do not have half-a-dozen burnt out as usually happens.
Also, all the coils on the armature are alike and made on the

same former.
The difference in the cooling effect between these different
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types of machines may not seem much on paper, but it means all
the difference between a temperature rise of 45° and one of 25°
on actual test. It means that we need only take into considera-
tion efficiency and regulation in designing a machine, knowing
well that if these are all right we can guarantee a temperature
rise of 25°, even on low-speed machines.

Fic. 4.

When designing any machine we have the choice of taking a
large diameter and making the machine short, or of taking a
small diameter and making the machine long. The difference in
the cooling effect between these two is obvious from Figs. 5 and 6.
In Fig. 5 the machine is small in diameter and long, the poles are



1903.] WATERS: ALTERNATOR DESIGN. 45

crowded together and the winding packed in. All the heat from
the field-coils has to be got rid of from the small exposed surface
at the ends of the coils. In Fig. 6 the machine is large in diame-
ter and short, and practically the whole surface of the field-coil is
available for cooling. In addition, the field-coils being separated
more from one another and the peripheral speed being higher, the
cooling effect on the armature is much greater.

Fic. 5.

The machine in Fig. 6 being built on a large diameter will
require heavier castings and present greater difficulties in hand-
ling, but the fact that the designer need not trouble about the
temperature rise gives him so much more latitude, that he will
easily offset this slight extra expense by a cheaper design generally
and will in addition have a much cooler machine.

The difference in cooling between an alternator with armature
.and magnets as shown in Figs. 3 and 5 and one with armature
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and magnets as shown in Figs. 4 and 6 is so perfectly plain, that
it is quite surprising to find the poorly-ventilated type still on the
market. The only inference to be drawn is that the firms
building them have no tools capable of handling the larger diam-
eter castings.

Coming to the electrical part of the design, the first thing to be
decided is the specification to which the machine is to be built.
The firm with which I am connccted, having only recently taken
up this work, has adopted for standard practice:

Fic. 6.

A temperature rise of 30° C. on a continuous full-load run;

A temperature rise of 45° C. on 50 percent over-load for two
hours;

A regulation of 5 to 7 percent according to the size of the
machine;

And gives a guarantee that all machines will without
damage give continuously 50 percent current over-load at
PF =0.
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Given our specifications, we have next to decide what diameter
we shall make the machine? What magnetic densities to take in
the iron? What current density in the conductors? What per-
centage of the pole pitch shall the pole face be? What air-gap?
Of course, these questions can only be answered off-hand as the
results of experience. But generally speaking we can, after a few
trials, get down to the best design. We have only to consider
the efficiency, the regulation and the cost, as with a good design
the temperature need not be considered.

The efficiency of a machine within ordinary limits practically
depends on the magnetic densities in the iron and the current
densities in the copper. The higher the densities the cheaper and
the less efficient the machine. The copper-loss inthe armature is
usually between 1 and 2 percent. Apart from the efficiency this
is decided by the regulation, because when you are only allowing
5to 7 percent dropon P F = 1, you cannot well have more than
2 percent of this as / R drop. This means that in low-speed
machines with a large number of poles, the current density in the
armature is very low, while in high-speed machines with few
poles the current density can be much higher. In practice it
varies from 1200 to 3000 amperes per square inch. The iron
densities do not vary much in standard machines, as the most
economical densities are very fairly constant and independent of
the speed, and any attempt to get higher efficiencies by decreased
iron densities is likely to run up the cost very fast.

The best ratio of pole face to pole pitch is largely a matter of
opinion. If it is large, say 70 percent, then the e.m.f. coefficient
(the Kapp coefficient) is reduced, and the total flux of the machine
increased and hence the magnets made heavier. On the other
hand we have more teeth to carry the flux so that for a given
tooth-density the machineisshorter. Butthearmature core-plates
are correspondingly deeper, so that the only saving is a slight
decrease in the length of mean turn of the armature winding.

The larger the percentage of pole face to pole pitch the greater
the magnetic leakage, and to a certain extent the less the syn-
chronizing power of the alternator. So that there is little to be
gained by much variation of this ratio, and it seems advantageous
to keep it low, say between 55 and 65 percent.

The air-gap is decided by the regulation of the machine. An

immense amount has been written on various theoretical methods
of calculatipg the regulation of alternators, but broadly speaking
the regulation depends on the ratio of the ampere-turns on the
armature to the ampere-turns for the air-gap.
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In an alternator the armature conductors are cut by magnetic
lines due to the armature current <.e., the armature self-inducticn
line, and by magnetic lines due to the magnet current. But the

- self-induction of thearmature varies with the value of the current
in the armature and magnets, and with the relative position of
the armature and magnets. And the useful lines due to the
magnets vary with the current in the armature and field on
account of the permeability of the iron and the magnetic leakage.
So it is obvious that the conditions to be taken into account are
so complicated that it is quite impossible to treat them theoreti-
cally, without making so many assumptions that the results even
when obtained cannot be directly applied. What a designer has
to do, is to work through theoretically a few simple special cases
himself and then the results will give him an idea on what lines
to work, and by means of experimenting on a number of machines
he gets an empirical method for calculating the regulation.
Afterwards as he gets more and more experiente with alternators,
he introduces further refinements, and taking the regulation
curves obtained by those empirical methods he corrects them a
little by eye.

Speaking generally from a designer’s point of view, an alternator
should be figured out for a certain regulation on a low power-
factor, say PF = 0. For, if the machine is satisfactory for
low power-factors it will be satisfactory, for P F = 1, while the
converse is not true. Other things being equal, the larger the
air-gap the better the regulation on the low power-factors. But
the leakage-coefficient of the machine is an important factor,.and
this increases with the air-gap. The leakage-coefficient is,
of course, taken into account in drawing the no-load saturation
curve—but we have to remember that on full load of low
power-factor the leakage-coefficient is much increased—the leak-
age is often doubled—on account of the extra ampere-turns
required on the magnets to overcome the back ampere-turns on
the armature. And if the leakage-coefficient is already high and
if the density in the magnet iron is also high, we run a consider-
able risk of having the saturation curve bending over so fast that
we cannot get our volts at all on loads of a low power-factor. It
was just this trouble that made inductor machines fall out of use

~ for low power-factor loads, as they are particularly sensitive to

leakage and are always worked at high densities. Speaking
generally, if the no-load leakage-coefficient of a machine is over

1.30, and if the density in the magnets is over 100,000 lines per



1903.] WATERS: ALTERNATOR DESIGN. 49

sq. in., the designer has to be very careful or he will get into
trouble.

The regulation on noninductive loads is not affected by the
length of the air-gap to the same extent as the regulation on low
power-factors. So machines which are intended only for lighting
or synchronous converter work can usually be economically de-
signed with a smaller air-gap, and hence smaller leakage, than
machines for motor work.

In Europe, practically every alternator sold has to run motors
so that the regulation either for PF = .8 or for P F = 0, has to
be guaranteed. In this country, on account of the patent situa-
tion, induction motors are used only to a limited extent. As a
result of this it has become standard practice to sell machines on a
regulation guarantee for non-inductive, rather than for inductive
loads. This is very unsatisfactory. Almost every load that an
alternator has to carry is to a certain extent inductive, e.g.,
arc lamps, transformers on light loads, rectifiers, induction motors
and synchronous motors unless the excitation is carefully
adjusted. And as the regulation of an ordinary alternator on
P F = .95is about twiceasbadason P F = 1, it is obvious that
a fairer guarantee would be to give regulation on inductive loads.
Practically the only exception to this is the case of an alternator
for use exclusively for running synchronous converters. And
even with a compound-wound synchronous converter and an
inductive line, the power-factor is usually low and the current
lagging for low loads, and if the rotaries have to be started up
from the a.c. side, a generator with poor regulation on low
power-factors is very noticeable and may give trouble.

It is extremely difficult to measure the regulation for PF = 1
on any machine with good regulation, while on a large machine
it is practically impossible. The result only comes in as the differ-
ence between two large quantities, and there are so many disturb-
ing features that the result when obtained is not worth much.
On the other hand, it is quite easy to measure the regulation on a
very low power-factor by taking a second machine and running
it as a synchronous motor, the first one running as a generator;
And then varying the excitation of the motor and generator till we
get full-load current flowing at full-load voltage; the power-factor
in the test will be very low and can with sufficient accuracv to be
taken as being zero.

Alternators can be desizned so as to satisfy a pretty good
regulation specification for non-inductive loads and yet be almost
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worthless for carrying loads of low power-factor. And as such
machines can be made cheaper than if they had to give a reason-
able regulation on inductive loads, there is a temptation for
manufacturers to take advantage of the fact that the regulation is
only. guaranteed on P F = 1, and to put in one of these cheaper
machines. It is probably this fact that is responsible for the
number of alternators having poor regulation on low power-
factors, that have been installed in this country. It would
certainly be anadvantage fromthe customer’s point of view and
probably in the end from the manufacturer’s point of view also,
if the regulation were guaranteed for a load of low power-factor.
This would make it necessary from the commercial point of view
to alter somewhat the lines on which modern alternators are
designed, but the cost of the machines would not necessarily be
much increased. A modern alternator gives, say, 7 percent
regulation on P F = 1, and 22 percent on P F = .8. When
running with a normal power-factor of about .85, and a regulation
of about 17 percent, it does not do the station engineer much
good to know that if he had a non-inductive load he would have
good regulation. Such a machine could be re-designed on some-
what different lines, so as to have 6 percent regulation on P F
= 1, and 12 percent on P F = .8, and about {§ percent lower
efficiency without increasing the cost more than 10 percent.
Such a machine would be much more satisfactory for general
work and could probably be sold for considerably more thanthe
machine designed only for work on non-inductive loads.

Other things being equal, the regulation of an alternator is
better the more saturated the magnet circuit; this applies to low
power-factor loads as well as to high. This can be tonsidered
simply as an experimental fact, or the explanation can be
accepted that the voltage drop in an alternator is partly due to
the reaction of the armature ampere-turns, and that the effect
_of a definite percentage change in the ampere-turns is less when
the magnets are saturated than when they are not.

Obviously the part of the magnetic circuit to saturate is the
magnet core, as the less its cross-section the less its perimeter and
the less the weight of the magnet copper. In the type of magnet,
shown in Fig. 7 it is impossible to saturate the pole core, and the
large amount of iron and copper necessary always makes this
design needlessly extravagant. It, however, possesses the ad-
vantage that the voltage can be raised 25 or 30 percent, if de-
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sired, to compensate for an extraordinary line-drop. Usually,
however, it is sufficient if an alternator is capable of having its
voltage raised 15 percent when carrying full load.

When designing an alternator for a given output we can take
either a strong armature and a weak field, or a weak armature
and a strong field. And generally speaking, the stronger the
armature we work with, the cheaper the machine but the worse
the regulation. So to design cheap machines with good regula-
tion, we have to take advantage of everything that will better our
regulation, ¢.e., we must work with a long air-gap and we must
saturate our poles. But alongair-gap meanslargeleakage, and as
I pointed out before, a machine with large leakage and saturated
poles is the most difficult machine of all to design. And to make
a uniform success of these machines, the designer must have had.
considerable experience with the type of machine in question, and
must be a very careful worker. In fact, when I first started
designing alternators I was told to put plenty of iron and plenty
of copper into the magnets and then I would be safe. I followed
this advice and was always safe with my machines. I think fora
beginner the advice is very good and that he could not do better
than to start in with a conservative and simple design like that
shown in Fig. 7. But for a designer who has had considerable
experience, it is worth while to attempt cutting things fine, be-
cause there is quite 20 percent in the cost to be saved by doing so.

We are working with a large air-gap and yet wish to keep down
the leakage. There are several things which will help us in this,
but making the pole pitch large and decreasing the length of the
magnet pole are the most important.

Making the pole pitch large means making the machine larger
in diameter, and shorter. Beyond certain limits this increases
the cost of the machine, and it is a question to be decided by the
designer as to when the advantages obtained from the larger
pole pitch are offset by the increased diameter and weight of the
castings.

Decrea<ing the length of the magnet pole core decreases the
leakage. Decreasing this length means decreasing the radiating
surface, increasing the depth of the magnet winding and hence
increasing the length of mean turn of the magnet coil a little at
the same time, and slightly decreasing the ampere-turns for the
magnetic circuit. If we use large pole pitches, giving plenty of
space between the poles and short armatures and high peripheral
speeds, we can easily take care of the increased temperature due



52 WATERS: ALTERNATOR DESIGN. [June 29

to decreased radiating surface. So that the limiting factor in
decreasing the length of the pole core becomes the increase
weight of copper due to the increased length of the mean turn of
the magnet winding, caused by the extra depth of the winding.
With good design we can usually cut down the length of pole core
to about 1 inch for every 1500 ampere-turns required on full load.
So that our leakage-coefficient will generally not exceed 1.25,
which is not excessive.

Fi1c. 7.

To show the effect of these various points on the design of a
machine let us take a definite example. :

Output 750 kw. 60 cycles, 100 r.p.m., 72 pole, 2200 volt.
Specification to be:

Efficiency at full load 95 9,
Regulatioh 7% for PF =1
“ 169 for PF = .8
“ 250, PF =0
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Temperature rise on full load PF = 1, Armature 30°C.,
Magnets, 20° C. (To take care 'of the increased excitation on
loads of low power-factor.)

A is a machine which has a pole pitch and diameter large enough
to use round poles, and has saturated pole cores. It has a strong
armature and strong magnets.

B has a smaller pole pitch, and is a longer machine and has
unsaturated fields. It has a fairly weak armature and field, and
the magnet winding is crowded.

A B. C

Internal diameter of armature . 207" 161" 207"
Length of armature core.. ... .. 61" 134" 61"
Pole pitch.... ............... 9” 7 9*
Air-gap............... e 5/16" ¥ 5/16*

Peripheral speed.............. 5400 4200 | 5400 r.p.m.
Slots perpole................. 6 6 6
Turmns percoil ............... 5 3 4
Magnet core section .......... round | rectangular round
Induction in magnet core ... .. 110000 95000 110000
RegulationPF=1............ 7% 6.8% 5.6%
PF =8 ......... 15.59% 169% 10%
PF =0.......... 2494 25% 16%
Lossesmagret I?R. .......... 12500 8500 | 17000 watts

Armature I*R. ........ 10700 7250 | 12000 *
Iron-loss .............. 15200 24000 | 19300 *

Efficiency ................... 95.1% 95.0% 94.0%
Temperature rise of armature. . 22°C 30°C 26°C
“ magnets ........ 15°C 16°C 26°C
Weight magnet copper ........ 1800 3800 2300 1bs.

* ‘“ poles ......... 1420 4500 1780 *

. *  wheel....:..... 14000 15000 16000 *

‘ armature copper ...... 1425 1200 810 **

" “ laminations . 5500 7500 6600 *

* “ frame....... 22000 18000 22000 **
Cost of above material ........ $1,645 $2,150 $1,710

So on the principal items that enter intothe cost of material, the
saving is about 25 percent Probably the saving of the cost of
the complete machine would be about 20 or 25 percent. The de-
signs of these two machines are a little exaggerated but they
show very well the saving in cost that can be made.

¢ is the same machine as A but designed with a weaker arma-
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ture, so as to have better regulation especially on low power-
factors, at the expense of a lower efficiency. The cost is about
the same.

The chief points for a cheap design are strong, saturated mag-
nets, a reasonably large pole pitch, and as large an air-gap as can
be run without excessive leakage. In machines of small output
with a large number of poles, it is impossible to get a really
cheap design. The diameter is decided by the number of poles
and it is no use making the machine less than 5 or 6 inches long,
so the cost does not come down very much with the output.
Generally speaking, if the ouptut of the machine is less than 10
kw per pole, the design is unnecessarily expensive, while
machines in which the length of the armature is about equal to
the pole pitch usually come out the best. It is for this reason
that 60-cycle alternators for small outputs and 120 or 133-cycle
alternators of all outputs are usually made belt-driven. The
saving in cost by this means is often 50 percent. In continental
Europe where 50 cycles is the usual practice, belt-driven alter-
nators have never met with much favor. The universal custom
is to direct-connect the alternator to a low-speed engine. The
result of this has bzen that the fly-wheel type of alternator has
practically become standard; the poles of the alternator are
simply bolted to the rim of the fly-wheel. This type allows con-
siderable saving in cost in small 50 or 60-cycle machines and
possesses so many other advantages that it is being gradually
introduced into this country.

Alternators for direct connection to steam turbines have lately
.come into prominence. The chief consideration in these machines
is, of course, the high speed at which they run.

In order to keep down the length of the machines, they have to
be made with the diameter as large as possible, so that the
peripheral speeds run from 12000 to 15000 feet per minute. The
tensile stress in the steel is not so bad, the chief difficulties lie in
getting the mechanical strains on the insulation of the rotor to be
taken in such a way that the insulation is not damaged, and in
getting the rotor properly balanced and to run without making
excessive noise.

The electrical design is much the same as that of belt-driven
machines, except that thespeed beingso high the efficiency is very
good, so that the densities in the armature can be considerably
higher. The pole pitch and the ampere-turns on the armature .
being large, the magnets are of necessity very strong and the
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air-gap large, and it is as much the magnetic leakage as the
difficulty of getting sufficient cross-section in the magnet iron to
carry the flux, that decides the output of the machine. In these
machines just as well as in low-speed machines, strong magnets
and high density in the magnets give cheap machines. But good
mechanical design will have far more effect on the cost than would
be the case in a low-speed macljine.

When starting to work out a machine, an experienced designer
can guess pretty exactly the best diameter on which to build it.
And he knows from experience approximately the number of

Fic. 8.

ampere-turns he can take per inch periphery on the armature for
a machine of a given pole pitch and type. This gives him at
once the number of turns on his armature and the ampere-turns
on the magnets. He then completes this first rough design, and
working out its performance curves he can usually see very
quickly in what way to improve it so as to obtain the best design
possible under the circumstances.

The speed and frequency are the chief factors in dec1dmg the
design of a machine, but the voltage, the condition of operation,
the equipment of the factory in which it is to be built, the
facilities for obtaining castings and for shipping the completed
machine—all are points which affect the design and have to be
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considered by the practical designer, since the prime object in a
commercial design is rather to make profits for the manufacturing
company than to produce the most perfect machine. The points
that have to be taken into consideration are so numerous and
varied that it is impossible to give general rules for practical
design. All that can be done is to give general directions and
after that it is a question of ability and experience till the
engineer can produce the best results.

Neglecting for a moment the designs of Mr. C. E. L.. Brown, the
greatest change in the design of alternators in the last ten years
is the improved ventilation and the increased magnet strength.
In 1893 we were working with air-gap densities of 25000 to 30000
and magnets giving 3500 to 4000 ampere-turns per pole on full
load, while to-day we have air-gap densities of 60,000 to 70,000
and magnets giving anything up to 20,000 ampere-turns per pole
on full load for ordinary belt-driven or engine-type machines, and
up to double this on steam-turbine-driven machines. . The
change has been made so gradually that it has hardly been
noticed, but the effect can be seen if I give the dimensions on two
machines designed and tested, one in 1894 and the other in 1903.
Both the designs are typical of the condition of the alternator
design at those dates.

1894 Machine. 1903 Machine.
Output ..........coiinnin.e. 50 kw Single-Ph. 275 kw 3-Phase.
Speed ..........iiiiiii, 600 r.p.m. 600 r.p.m.
Cycles........covviiiiiiinn. 60 60
Type of magnets ............. Lauffen Type. |Standard Rev.
Field Type.
Internal diameter armature ... 37" 387
Length of armature laminations 104* 10*
Armature ampere-turns ....... 1380 1050
Ampere-turns on magnets ..... 4700 7500
Efficiency ................... 909% 949
Regulation PF = 1.......... 1195 5.5%
“ (PF = 8......... ‘Would not give volts 14%
Temperature rise of armature... 31°C 23°C
Total weight of copper......... 730 lbs. 680 1bs.
Total weight of machine ...... 7400 1bs. 11000 Ibs.
Total cost of material........ $455 $490
(2-bearing machine)
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The output has come up about four times and we have a much
better machine as regards performance, and the cost is about the
same. The older machine having such a low output needs a lot
of unnecessary material, simply to reduce the losses and to give a
reasonable efficiency. While in the large machine we can afford
a far higher loss without spoiling our efficiency, so that the
weight of material is really not so much more and the better
mechanical design has made the cost of material in the two
machines about the same. Speaking generally, the whole
result has been accomplished by using stronger magnets and
higher densities throughout.

Alternating current design has rather stagnated of late on
account of the limited competition, and most of the recent
developments have come from the other side of the water. But
I think there is enough in this paper to show that from the point
of view of dollars and cents, it certainly pays to spend time and
ability pretty lavishly in designing alternators.
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DiscussioN.

Mr. Waters:—I think this is a suitable opportunity to
emphasize the advisability, from a commercial point of view, of
guaranteeing alternator regulation for power-factor = 0 rather
than for power-factor = 1. It is true that the INsTITUTE Com-
mittee on Standardization has formulated a rule for calculating
the regulation on non-inductive loads from a short-circuit test,
but I think there is a general concensus of opinion among alter-
nating current designers that the rule is very unsatisfactory, and
that for certain classes of alternators it gives results which are
absurd. And I suggest that it would be a good deal more to
the point if the Committee would recommend that the regula-
tion be guaranteed for power-factor = 0, as this gives the be-
havior of the alternator under the worst possible condition, and
in addition a direct test ean be made to determine whether or
not the alternator fills its guarantee, instead of relying on a
calculation based on arbitrary assumption, the accuracy of which
there is nobody to vouch for in cases of dispute.

Mr. Davip B. RusuMmore:—The generator is one of the im-
portant elements of a transmission system. The regulation of
the system is largely dependent on that of the generator.

There are certain peculiarities of high-voltage power trans-
mission which differentiate, to some extent, the requirements
which a generator must fulfil from those in other kinds of work.
The voltage of the line, and sometimes of the generator. is high.
The long lines offer a great many opportunities for trouble, so
that grounds and short-circuits are of frequent occurrence, and
the number of severe strains on the apparatus is large. Some
systems have a considerable proportion of the output utilized by
induction and synchronous motors in large units, which, when
used for mine hoists, or in case the latter are started by being
thrown on the line, make the problem of satisfactory lighting one
requiring care. Lightning troubles are more frequent as the
length of line is increased and storms are of greater violence in
mountainous countries. '

4 or Y CONNECTIONS.

The question as to which type of connection is better is im-
portant. The reasons which apply for and against each type of
connection for transformers apply with equal force to the gen-
erator. One point of especial interest is the effect of a 4 con-
nection in a system having a pronounced third or ninth harmonic.
Capacity in the svstem tends to amplify, in the current curve,
any harmonics which may exist in the original emf wave. Now
in a generator armature, or transformers having a 4 connection,
the third harmonic instead of having a phase difference of 120°
in the different legs is directly in phase as shown in Fig. 1, and
tends to send a circulating current around the delta. In one
experimental alternator the current in the delta was full-load
value. As this current is limited by the resistance and induct-
ance of the generator and not by the ‘* synchronous impedance "
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it is less in machines of high inductance. Modern generators are
built with wave forms which follow so closely the sine law that
this fact is of perhaps more theoretical than practical interest
and yet should be borne in mind as a possible explanation of
phenomena occasionally found in practice. A small amount of
static capacity is desirable in a generator and it should beless
with a Y than with a 4 armature connection owing to the fewer
turns on the armature. A bad short-circuit may burn out two-
thirds of a Y-connected armature and but one-third of a 4.
It is especially with regard to regulation that generators
should be suited to the line and conditions of service.
Good regulation is desirable for the following reasons:
The voltage will not rise to so great a value on sudden
opening of receiver circuit;
Less careful attendance is necessary as the change in

Fig. 1.

exciting power for variation in load and power-factor is
less;

Induction and synchronous motors may be thrown on
line with less disturbance.

Fair regulation gives the following characteristics:

Disastrous results from short-circuits are prevented;

Generators have stronger synchronizing power and make
better synchronous motors;

The charging current raises the voltage at the generator
terminals;

The short-circuit current is less and the operation of
automatic devices for opening the circuit 1aay be easier;

Better efficiency and a less expensive machine may be had
than when the regulation is better;

More even division of load with less cross-current and
better parallel operation;
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The operation of lightning arresters will be more satis-
factory.

Bad regulation produces:

Abnormal variation in excitation and bad regulation of
system.

Excessive rise of voltage due to charging current:

Abiliiy to run machine on short-circuit momentarily
without injury;

Disastrous effects from sudden inductive loads.

Occasion is here taken to call atten.ion Lo a point in theory in
which an error may have been made by some writers. It has
been considered by many that when the iron issaturated, ineither
the armature teeth or the pole corners, that the cross or distorting
ampere-turns weaken the field by being unable to increase the
flux as much in the strengthened pole corner as it is decreased in
the weakened pole corner. So far as is known to the author,
every writer, with the exception of Mr. C. C. Hawkins, has
adopted this view, and a number of theories and diagrams for
predetermining alternator regulation have been based upon it.

No experimental proof has been shown to uphold it, but, on
the contrary, much that exists points the other way. Brush-
lead in a continuous current dynamo and power-factor in an
alternator, are in very close correspondence. In tests which
have been made on field exploration of continuous current gen-
erators and speed tests on separately excited motors, both with
local saturation and the brushes at the neutral, the evidence,
while not conclusive, points to the fact that the field is not
weakened by armature reaction under that condition. In an
alternator, with current in phase with the no-load e.m.f., which
could be obtained with a leading terminal current, the drop in
the armature should be due only to true armature self induction
and resistance, except for minor causes, as variation in power-
factor of field. That is; with non-inductive load, in armature of
an alternator and with brushes at neutral in continuous current
generator, the cross field formed by the distorting ampere turns
of the armature represents pure armature self induction and is
not interlinked with the exciting turns. The number of magnetic
lines added on one side of the pole must exactly equal those sub-
tracted on the other, owing to the different densities, in both air
and iron, the magnetomotive forces, and not the fluxes, are
unequal on the two sides.

The wave-form of the generator should be a sine wave and the
amplitude of any harmonic should not exceed from 3 to 5 per cent
of the fundamental. The various pieces of apparatus through
which the energy passes and the capacity of the line, trans-
formers and armature, will all tend to cause distortion.

Rarpu D. MersHoN:—I have not seen this paper before, but
there are few things mentioned in it which have struck me and
with which I cannot quite agree. One is the temperature rise on
full load. I do not see any use in a temperature rise as low as
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30°C. I do not think any of us will get anything from the
electric companies that we do not pay for, and I think we will
pay for a 30° riseall right. If not when the company first starts
in business, we will later. A rise of 40° or 45° is certainly safe
with modern insulation. I think the practice of the European
engineers has a good deal to commend it. They ask for a
machine that will rise 40° under full load, and that is what they
mean. They pay for a machine that rises 40°, and do not pay
for anything more.

There is a statement made here in regard to the regula-
tion. The author says, ‘‘ In Europe practically every alter-
nator sold has to run motors so that the regulation either
for power-factor .8 or for power-factor 0 has to be guar-
anteed.” Judging from some generators I have seen lately
it must in some cases be guaranteed pretty high. I saw
not long ago some European alternators of from 1200 to
2000 h.p. capacity. They were some of the most beautiful
machines mechanically I have ever seen, but electrically I
thought them bad. When I say * bad,” I mean from the stand-
point of our ideas as regards regulation. Those machines must
have had a very poor regulation on any power-factor less than
unity, and I do not believe we could have gotten any satisfaction
from them in our plants with a power-factor of .8; certainly not
with the attention that is ordinarily given here to the operation
of machines. There was another evidence, in most of the
European plants I saw, that the regulation could not have been
very good. It was the switching arrangements. In many cases
there were no switches intended to break the load in case any-
thing happened and in no case did I see a switch which could
have handled a short-circuit if the generator had had stiff regula-
tion. In most cases on asking what was done when a short
circuit occurred, I was told that they shut down either all of the
plant or that portion of it which happened to be feeding the line
on which the short-circuit occurred.

Harris J. Ryan:—I want to say just a word in behalf of the
Committee on Standardization. At the outstart of the present
year the Committee appointed one of its members, a well-known
consulting engineer, to take up with the electrical engineering
profession in this country the regulation of alternators, with a
view to making a new formulation of the wording and specifica-
tion of procedure in Section 71, I think it is, of the Standardiza-
tion Code, or report, as it is variously called; and that member
of the Committee in taking up this work—and he did a great
deal of work in this respect—found that as yet, at least at this
immediate time, the concensus of opinion of the profession was
such as not to be prepared to accept any one wording that could
be formulated to suggest to the INSTITUTE to be substituted for
the present wording. The matter is well in hand and at a com-
paratively early date we hope to be able to report a suggestion
for a satisfactory wording of that section.
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MRr. WaTers:—There are one or two points in Mr. Rushmore’s
remarks which I do not quite agree with. Mr. Rushmore calls
attention to the fact that in designing alternators for running on
long transmission lines, we have to allow for the numerous short-
circuits which take place, thereby, I suppose, intimating that an
alternator with good regulation was hardly satisfactory for this
work. I think that this is altogether wrong. When you have a
short-circuit on the system, the general practice is either to burn
it out or else have the circuit-breakers cutit out.  If you havean
alternator with bad regulation and leave it on the line, it merely
means that the pressure decreases, so that the motors fall out of
step and the plant shuts itself down, the voltage not being suffi-
cient to burn out the short-circuit.

In connection with inductor alternators, I did not mean to
suggest that an inductor alternator cannot be made with good
regulation. They certainly can. If vou take a 200 k.w. alter-
nator and rate it down to 100 k.w., vou will probably get a
machine with very good regulation, but it will not be a com-
mercial machine. My paper was dealing with the question of
dollars and cents in connection with alternator design, and I say
that a revolving-field alternator designed as I have suggested is
simply above comparison with an inductor alternator on a
question of cost, the difference being a matter of perhaps thirty
per cent.

[CommunicaTED AFTER ADJOURNMENT BY MR. W. L. WarTERs.]

Referring to Mr. Mershon’s remark that he did not know that
the temperature rise of a machine was determined by the mechan-
ical design. I would point out that the temperature rise depends
on two things: The watts to be dissipated in the machine and
the rate at which they are radiated. The watts to be dissi-
pated depend on the output of the machine and on the effi-
ciency; and the efficiency is decided by the market standard,
being a commercial rather than an engineering question. So
we can say that the watts lost in a machine are independent
of the design, and hence that the temperature rise depends
only on the facilities for radiating a given number of watts,
that is on the ventilation or mechanical design.

PrEsIDENT ScorT:—The paper on Institute Branch Meetings,
prepared by Mr. Calvin W. Rice, the chairman of the Committee
on Local Organizations, will be read by Professor W. E. Golds-
borough who is also a memiber of that committee.
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INSTITUTE BRANCH MEETINGS. THEIR ORGANIZA-
TION, DEVELOPMENT AND INFLUENCE.

BY CALVIN W. RICE.

To any one looking over the work of the INSTITUTE of this year
and comparing it with that of previous years, there willimmediately
appear an increased scope of usefulness of the AMERICAN INSTI-
TUTE OF ELECTRICAL ENGINEERS. The situation is seen at a
glance by looking at the last pages of your program for this meet-
ing, showing the magnificent array of local branches installed
and regularly conducting meetings. The credit for the activity
is very much due to your President, Mr. Scott. It has been one
of the features of his year’s work, the broadening of the influence
of the INSTITUTE, and on a very high plane.

The idea of branch organizations was given a number of years
ago, and the Secretary, Mr. Pope, made a report on it. How-
ever, the President at that time did not favor the movement as
he was fearful that it would weaken rather than strengthen the
IxsTITUTE. Some thought has been given to this contingency,
yet at no time has the Committee considered it serious. We
have gone ahead on the principle that the work is right. that it is
for the benefit of the INsTITUTE and of Engineering and that if
we properly conduct our meetings there will be strength in
them; and one need not fear that the movement will promote
separate engineering societies in the different cities which will
divorce themselves from the central organization.

The oldest local branch is the one in Chicago. This was
established in 1893. and hcs been regularly main.ained. An
average of 7 meetings has been held each year with an average
attendance this last year of 70. The next one to be establishe:
was at Minneapolis, April, 1902. The larger number, however,
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were established in the fall of last year, and the spring of this
year. The largest number of meetings held was at the Univer-
sity of Wisconsin where during the last year 30 meetings have
been held.

It was thought at the beginning of the year that the organiza-
tion of local branches should be in accord with a definite pre-
arranged plan and it was proposed to map out a specific plan to
be adopted by each branch. On account of pressure of business,
the Committee on Local Organization was unable to go into all
the details of organization, and it has since proved that perhaps
this was an advantage, rather than a detriment. Greater spon-
taneity has thereby been secured and a variety of successful
methods have been developed, adapted to various conditions.

I wish that time permitted the reading of all of the reports
which have been received from the several branches. These
have been prepared with care, sometimes the entire Executive
Committee met together to formulate the report and recom-
mendations, and the INSTITUTE owes its thanks to them for all
the work they have done

Some of the principal features that one notes in reading the
reports and in our general observation of the progress of the
year, is that, whereas meetings in New York may be technical
or special, meetings in Local Branches must be general. In all
the reports, one finds that to maintain interest, there must be
more than one set of people on whom we may draw for our
audience. Quite a number advocate, very properly, joint meet-
ings with other engineers. Some others are positive that in their
locality our meetings should be conducted independently of
other societies, but this opinion is in the minority.

A very interesting feature of the work has been the large
attendance of non-members of the INSTITUTE at the meetings.
Outsiders are attracted to the meetings. Ten or a dozen mem-
bers may manage a meeting of a hundred. This illustrates
the power we have within us if actuated by the right princi-
ples and on the right plane.

It is generally suggested, as mentioned above, that all en-
gineers, regardless of their affiliations, should be invited to our
meetings. It may be that we do not care to join in their meet-
ings, but we should invariably invite all engineers to and make
them welcome in our meetings.

It has been almost universally reported that the papers of the
last year have been so diversified and of such an interesting char-
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acter that in but one or two cases has there been any necessity
for papers to be prepared on local subjects in order to maintain
interest. I think this is speaking a great deal for the variety of
subjects and general usefulness of the papers presented during
the last year. Special thanks also are here given, and we trus*
the word will be passed along-to the speakers themselves, to
those authors who have not only inconvenienced themselves tn
write papers, but to come to New York to read them, and have
again read them at some of our branches, all of which has tended
to promote the very best interest in the INSTITUTE work.

A very good suggestion is that in the branch meetings the New
York papers be read by abstract only, and that well-informed
men be called upon to give the abstract of the paper and of the
original discussion. It is quite uniformly agreed that the dis-
cussion, when the same as that in New York, need not be printed,
but it is recommended that the Editing Committee give credit to
each speaker who gave opinions along the same lines. One good -
suggestion is that the editing of each Local Branch be done the
next day after the meeting by the Committee in charge of that
branch. Another suggestion is that all papers should be sent to
the local branches with the abstract prepared. These ab-
stracts and the papers themselves to be sent out earlier, and
still greater efforts should be made on the part of the Committee
on Papers the coming year to try to get the papers sent well in
advance of the meeting.

One of the evidences of the substantial work done is the
request even now for next year’s program and also in the sugges-
tion that in Universities the members of the junior class be put
on the committee to take part, so that next year a working com-
mittee will already have had some experience.

One special point made in the suggestions received is that
definite responsibility for the success of the meetings should be .
placed upon some one individual. He may have a Committee
to assist, but some one person should feel that the success of the
meeting is dependent on him.

An indication of the work of the year has been the increase in
membership, the work of these branches being carried on hand
in hand with the Membership Committee and the other influ-
ences of the INsTITUTE. In the May announcement, you will
find the increase in membership in half a dozen cities alone,
where we have local branches, has been about 350. The total
increase for the year up to May Ist has been stated in the April
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announcement in the neighborhood of 850. Whereas it would
not be fair to assume that the whole credit should be given to
any one feature of the INsTITUTE, still, it is hoped that the
InsTiTuTE Will give due credit to the hard work of the various
local executive committees and secretaries who have kept up
the interest throughout the year in the meetings at various
branch centers and thus made the INSTITUTE felt as it never
before has been.

At the beginning of the year an appropriation of $1,000 was
asked to carry on the work of the season. The expenses of the
year, as reported in the Secretary’s statement of June 19th, have
been $849.64. It has been the uniform practice to offer to meet
the reasonable and necessary expenses of Local Branches, it being
considered that we should do this, for the reason that the mem-
bers that have subscribed their yearly dues should not be further
called upon to contribute. At one point, the local membership
have been assessed one dollar by their own committee; such
contributions should be voluntary rather than obligatory.

From a financial point of view, therefore, upwards of 300
members have been either influenced or encouraged to join the
INsTITUTE, due to the activity of the Local Organizations,
bringing into the INsTITUTE immediately $1,500 and a probable
permanent annual income of $3,000, and at an outlay of less than
$1.000; this without reference tothe Student enrolment. This
statement is simply to show that the movement has been self-
supporting, to say nothing of the remarkable increase of influence
and power of the INSTITUTE.

I cannot do better in closing this report than to quote the
remarks of the secretary, Mr. Philander Betts, of the Washington
Branch: *‘‘ We are unanimous in our desire to have our meetings
so conducted that they will become a common meeting ground
for all engineers.”
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DiscussioN.

PreSIDENT ScoTt:—At the beginning of the year when it
sccurred to me that the Institute might work in a field in
which it could come in contact with the college student, carrymg
to the students something of the spirit of actual engineering
work, I wrote several letters. On the whole, the best answer
that I received was from a gentleman who is here to-day, who
took up the idea with a good deal of intcrest and vigor.
During the year he has fostered the Institute branch meetings
in the institution with which he is connected as head of its
electrical engineering department. I am interested to know
what he thinks of it at the other end of the year. Iam going
to call on Professor Ryan of Cornell University to open the
discussion.

Proressor Harris J. Rvan:—I am more enthusiastic
over the scheme that we have just heard of in the
paper written by Mr. Rice than I was in the beginning,
and in connection with my letter in which I expressed my en-
thusiasm to your President; I want, in speaking in behalf
of the branch at Ithaca, those in charge of the work and our
young men who are members of it, to express to the Institute
our heartiest thanks for the kind courtesy shown in inaugurat-
ing this scheme and for what you have done for us. There
we have, practically, the work of the local branch as a part of
the regular work in electrical engineering instruction. It is
not exactly required, because we felt that in inaugurating the
work there it was important that the work on the part of the
individual student should remain his own choice as much as
possible. However, attendance at the meetings and taking
part in the work secure credit in lied of required work in the
regular course of electrical engineering instruction. Our plan
is to abstract the papers, to present them before members of
the senior class and.certain members of the junior class that
are well en with their work, together with all local members
of the Institute resident at Ithaca; to abstract these papers
and then interpret them to the students, using for this purpose
the more able members of the senior class and graduate class:
assisted by the officers of instruction, and likewise with the:
assistance of the local resident members of the Institute. We
supplement the work with biographical accounts, brief sketches,
of the careers of the men who are the authors of the papers,so
that the young men go forth with a little knowledge, at least,
of the men who in electrical engineering matters are a power
in our nation. When the reports of the discussions come, those
are gone over, sometimes abstracted and in abstract form pre-
sented to the students, and sometimes in toto. The young
men take great interest in the discussions, as well as in the
papers; for the reason that the off-hand subJect matter they
can comprehend at once right then and there; and in this manner
the effect and the results of this movement on the part of the
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Institute, with us, have fully met the expectaiions of your
president and the gentlemen who have inaugurated the scheme.

PRESIDENT ScorT:—In connection with the local mcsement
there is one gentleman who has a unique prominence, being at
the head of two of the local organizations, ome in a uni-
versity {Purdue), the other in a city (St. Louis)—Professor
Goldsborough.

ProressorR W. E. GoLDsBOROUGH:—As regards the local
branch movements at Purdue and in St. Louis, I think they
Liave both been quite successful during the past year.

When the year opened we had at Purdue an electrical society
which had been in existence four or five years; we now no
longer have a Purdue Electrical Society, but the Purdue Branch
of the American Institute of Electrical Engineers, and this is
the only electrical engineering organization at the university.

The meetings stimulate our young men, and bring them
into touch with matters outside of the university in a way that
is distinctly good. We have not given the boys any official credit
at Purdue for the work which they have done in connection with
the Institute meetings. That is, we do not recognize this
activity as being a university exercise. It has been, with us,
a means of stimulating the young men to make their own
success of the meetings; and the members of the faculty take
just as little part in the meetings as possible. We want to have
the boys learn to do these things for themselves.

At St. Louis we have held meetings regularly every month,
and to our secretary, Mr. Swope, I think the success of our
work is due. If we can have a man devoting as much time
and energy to the Institute meetings in each city as Mr. Swope
does in St. Louis—and I doubt not other secretaries are quite as
energetic—it will mean that in the course of a few years we
will be having “New York meetings” everywhere, and it will
be quite as much a treat for the New York members to
have our discu-sions as for us to have the New York discussions.

PresSIDENT ScorT:—I wish we had time to read the letters
that Mr. Rice spoke of. There are quite a number of them, but
it is hardly practicable to read them here. One of the good
letters was from Mr. Junkersf:ld, secretary of the Chicago organ-
ization.

PETER JUNKERSFELD:—As for our work in Chicago, as stated
in the report, it is one of the oldest, if not the oldest, branch
of the Institute. For several years the meetings, while they
were held at fairly regular intervals, could not bring out a
very large attendance, one reason being perhaps that there
are two other engineering societies in Chicago.

One of the points that I think deserves perhaps a little more
mention is the fact that an effort should be made to hold our
meetings before the discussion is printed in the various elec-
trical papers. We found in Chicago, where the meetings were
usually held tem days after the New York meetings, that the



1903.] DISCUSSION AT NIAGARA FALLS. 69

matter was just a little stale. The members had read all the
New York discussion, and they felt th-t everything possible
had been said; and I think if the papers were sent out
promptly and meetings held before the discussion is published,
the whole matter would be fresher and we would really get
more local discussion and more local interest. That is a point
that we feel in Chicago particularly.

Then there is a serious question, too, as to the influence of
the other societies. The work has been going on harmoniously
and all of them have very good meetings, but if we could com-
bine our efiorts, which we may be able to do at some time in
the future, we think it would be very beneficial to the Institute.

ProressorR Ryan:—Speaking in behalf of the Ithaca
branch, I would like very much to say that they would be
heartily pleased to contribute to the expense of the mainte-
nance of that branch. It certainly must cost quite a little to
furnish us the large number of reprints of the papers as the
Institute has during the past year. A large proportion of the
class in the outset said that they would be perfectly willing
to pay the regular price of the transactions in order to get
those papers. Naturally, the matter was not taken up further
when the papers came along without price.

PrESIDENT ScoTT:—I would like to ask Professor Ryan how
the new student privileges meet the demands of these uni-
versities.

ProrEssor Ryan:—I think that 60 to 75 per cent. have not
tried it yet, it was too late in the year. It probably will
entirely meet the demand. That is my imoression.

SECRETARY PoPE:—I see that the branches call, as mem-
bers have called and meetings have called, ever since I
have been Secretary, for the earlier publications of the
papers. With competent assistance at headquarters, and the
use of the typesetting machine, and rapid processes of engrav-
ing, we practically rival the evening newspapers in getting
out our edition of advance papers—when we get the copy. Wehave
gone so far as to rewrite papers, but we have not yet originated
them. When the actual authorship of papers is delegated to
the Secretary’s office perhaps we will be able to get them out
a little earlier.

So far as the Secretary's office is concerned with branch
meetings I feel that we have not really done justice to the
work. We have a great many other things to attend to, and they
all come along in a bunch, and it has grown on me during the
last year that this was work for some one man to do, who was
interested in it, and familiar with the requirements, and per-
haps one of these local secretaries mentioned will develop some day
into a general local secretary to take care of the branch business.
Really, it has become sutliciently important, as we may see
from the experience of the last year. Before they were fairly
started, we began to see the end of the season, but we are now
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in better shape, so that we can make an ear.ier and a better
start next year; and if the interest keeps up, as there is every
reason to believe it will, the branch movement will be a very
important part of the work of the Institute, and you can see
from what these gentlemen have said to-day that it is of im-
portance to the future of the Institute. These young men
coming up learn not only of the work of the members, but of
the personality of the members themselves—their biographies,
who they are. They come to our meetings, and they meet the
older members face to face, and when they go out into the
engineering world one of the first things they will find
they require to qualify them is to become members of the
Institute and codperate with others in the general progress.
Now, this 1s the work not only of the branches, but also of the
student enrolment which has been inaugurated, and which,
as you are probably aware, is limited to three years. No one
£an be enrolled as a Student for more than three years, after
which time it is supposed he will become eligible and will become
an Associate; and in the discussion, and in the formation of that
enrolment, as we call it, of students, the whole object of that
work is the future of the Institute. We have undertaken the
work at a loss. It doesn't pay the expense of carrying it on.
but what we look for is the future development that will come
from the enrolment of these students and the training them up
in the way that they should go.

MONDAY.—EVENING SESSION,

PreSIDENT ScotT:—In the American Institute of Electrical
Engineers a large part of our work is the recording of what has
been done, the getting together of data, the description of
electrical work that has been accomplished, in order that we
may know what has been done, and how new work should be
done, as a btasis for the future. We also extend out from the
present and from what has been accomplished, to that which is to
be accomplished along the same lines. For example, we have the
electric railway accomplishing certain things now, but ad-
vancing on to new lines of activity, to higher speeds and
heavier work,

Another department of work in which it is from time to time
the privilege of the Institute to take part, is that in which we
branch out into the new things, where scientific discovery of
a new order in its application to useful ends brings to us a
new kind of phenomena, a new kind of application, and it is
to work in this field that we are to be treated with a presenta-
tion to-night. The carrying of electricity through gases and the
illumination of gases, which a few years ago was simply a
scientific experiment, is now brought into practical use through
the experimenter and the engineer. It is our privilege this
evening to have explainad and demonstrated to us some
of the latest developments in this line, whick are giving
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great promise for the future, as they deal with certain operations
of lighting and current transformation which are of the greatest
practical and commercial value.

The main preseutation will be made by Dr. von Reckling-
hausen who will be followed by Mr. P H. Thomas, who will
describe the apparatus. I have pleasure ‘in introducing Dr.
von Recklinghausen.

Dr. Max VoN RECKLINGHAUSEN:—Since the Hewitt
lamp was first shown, at the Conversazione of the Ameri-
can Institute, two years ago, this type of lamp has aroused
the greatest interest throughout the world. A steadily increas-
ing number of electricians and physicists have stepped into
this so intensely fascinating, newly opened, or, to be more
exact, re-opened field of research. We may therefore expect
a speedy development of the mercury lamp and its many-
sided applications.

I thought it would be appropriate at this stage of the art to
look back on the earlier work in this direction, particularly
since the principle underlying the Hewitt lamp; that is, the
passing of current through mercury vapor, is one of the very
oldest ever applied for the generation of electric light—older,
really, than our whole electrical industry.

As early as 1860 Professor Way of England demonstrated
the enormous candle powers obtainable by using mercury vapor
as a conductor of the electric current. He used for his lamp
an apparatus having two reservoirs, both of them filled with
mercury. Each reservoir was connected with one pole of the
line. A little cock was opened on the upper reservoir, and
mercury was allowed to flow through to the lower reservoir
The current going through that fine stream of mercury heated
the stream and brought it to evaporation. The current formed,
then, an arc between the nozzle of the upper reservoir and the
surface of the lower reservoir. He seems to have tried this not
only under atmospheric pressure but also in a vaccum. Way
examined in detail the color of the mercury light obtained in this
manner, and he remarked on the strange look of things and faces
in the light. We have some extremely enthusiastic repo.ts
from that time in the newspapers as well as in the reports of
Trinity House, the English Lighthouse Commission, on the
enormous far-carrying candle power of the mercury vapor light
obtained by this means. Had the current sources at that time
been more commercial—they being primary batteries, of course
—who knows whether the green-blue of the mercury lamp
would not by this time have become indispensable to wus?
Whether we should not have become so used to this color of
light as to call the color of faces exposed to it Leautiful? After
all, beauty is only a matter of custom.

Other problems, more important, came up in the electrical
field, and the mercury lamp was entirely forgotten for a go:d
many years. The first we hear about it is in a patent granted to
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Rapieff in 1879. Rapieff used an inverted glass U, the two
columns of which were filled with mercury. It was constructed
about like this, (indicating)—the U was tilted over so as to
allow the two mercury columns to connect; then the U was
tilted up again, and after the metallic connection was broken,
current went through the gas above the columns. In his
patent he does not speak very fully of what the gas must be.
He mentions mercury vapor. He says one can also apply a
vacuum. ’

A patent by Rizet, of March 20, 1880, described a very similar
U-shaped lamp. Rizet proposed early to alter the green-blue
color of the mercury vapor by having certain gases filling the
space between the mercury electrodes. = Amongst others, he
proposes nitrogen, which gives a reddish discharge.

In 1887 Langhans obtained a patent for a U-lamp practically
the same as the one that Rapieff first made. How far those
three men tried the lamps, it 1s hard to say. One thing is cer-
tain—they were not commercially successful.

The first really successful mercury lamp was made and de-
scribed in 1892 by Arons, the German physicist. He made
little U-lamps very much in the same way as Rapieff describes
them. (By the way, I do not think that he knew anything
about Rapieff’s patent or any of the earlier ones.) Those little
U-lamps were filled with mercury, and he makes a particular
point that the air above the mercury must be exhausted very
carefully. He found very soon that that was one of the most
important things to observe for obtaining a good mercury
light, to have an extremely good vacuum. The mercury vapor
formed inside must be quite free from other gases. Arons goes
into detail into the question of the color of the spectrum of the
mercury. Furthermore, he deterr.ined the efficiency of the mer-
- cury are obtained in this way and he found it to be far su-
perior to any. other artificial light source. = He made rather
exhaustive experiments to determine the influence of the length
of the gas column oa the voltage, and found the law to be
fairly simple. Arons did not succeed int making a lamp that
could be run with little ballast or no ballast resistance. His
lamps had to be run with 40, 60, 70 and 80 per cent. ballast
resistance if he wanted to keep them running at all. This, of
course, spoiled the extremely high efficiency that the lamp has
in itself, commercially, because so large a per cent. of the energy
is absorbed in the ballast. Arons did not appreciate fully all
the important influences governing the electrical characteristics,
especially the conductivity of the vapor. He could make the
lamps satisfactory only by absorbing in water the heat devel-
oped by the lamp. The lamps which were on the market for
spectroscopic work were those U-lamps, as described, in a box
with running water. It is natural that such a lamp would not
be satisfactory for illuminating purpuses. One had first to
understand clearly -vhich were the factors governing the elec-
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trical characteristics, especially the conductivity of the vapor,
before one could begin to construct a serviceable lamp.

This is the point at which Cooper Hewitt stepped in. Hewitt’s
investigations in this direction are really pioneer work in the
field of the mercury lamp and of vapor lamps generally; not
only because he taught us how to make the most serviceable
illuminating lamps, but also because his research in this line
opened up entirely new applications of vapor electrical appar-
atus, the importance of which may be enormous for the advance
of electrophysics and particularly for the advance of our elec-
trical industry. What Hewitt has taught us in regard to the
lamp proper may briefly be stated as follows: To obtain a
lamp of the desired characteristic, the radiating power of the
lamp must be correlated to the energy spent inside the lamp
in such a way as to obtain inside, in the gas, the most favorable
temperature or density conditions for the efficient generation
of light.  This controlling of the temperature and density
inside the lamp is done by Hewitt in a properly rated condensing
chamber outside the light-giving column. In the lamps shown
here you see the bulbs are sealed on. The mercury condenses
in those bulbs and keeps the density down to the desired point.
It is extremely important—and Hewitt has done an enormous
amount of work on that—to get the right ratio between the
size of the condensing chamber and the size of the tube and the
current which one wants to pass through the tube. I do not
know whether you remember from the paper which Hewitt
published some time ago, the strange characteristic curve of the
Hewitt lamp. The curve looks something like this (indicating).
If this axis represents the voltage, the horizontal axis repre-
sents the amperes. The characteristic voltage curve, with in-
creasing amperes is something like this (indicating); then it rises
steeper. The point at which we want the lamp to run is just
before it bends up. This point (indicating) represents the most
efficient temperature of the mercury vapor for the generation
of light. If one runs it on the down part of the curve, the lamrp
is not so efficient as on the knee. If one runs it on the rising
part of the curve the lamp becomes extremely inefficient. If
one allows a rise of voltage up to, say, 50 per cent. of the normal
voltage, the efficiency of the lamp, which is about .3 to .4 watts
per candle, spherically, goes down to .8 or .9 watts per candle.

Hewitt has brought forward the importance of discriminating
three capital points in respect to the conductivity of the electric
currents in cases generally. The first point is, positive electrode
resistance; second, resistance of the gas current proper; third.
the negative electrode resistance.  The last is the most important.
In the ordinary vacuum tubes such as Geisler tubes and similar
apparatus, we find that they have an extremely high resistance.
This is due, practically, entirely to the extremely high resist-
ance of the negative electrode. If we want to give them a low
resistance we must have absolutely a negative electrode of low
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resistance. Such « low negative elcctrode resistance is obtain-
ab.e, according to Hewitt s definition, by using an electrode
which the current keeps in disintegrating, boiling or similarly
changing condition. 7Therefore, if we want to make a lamp
with low resistance we have to put in, as negative electrode, a
disintegrating electrode. We can bring such an electrode to
disintegration either by connecting it with the positive and
separating it after that, or else by forcing a high potential
through it. A high potential of several thousand volts will break
through, make the electrode disintegrating, and then the low
line potential, which may be attached to this electrode, will
follow. Mercury itself is the best material to be used for such
disintegr-.ting electrode, because the mercury which disintegrates
steams ;. way from the surface, condenses again on the walls of
the tube, runs back to the negative, and the negative is again
like a new one. Physically expressed, we see that the mercury
has an extremely high starting but a very low running poten-
tial. The starting potential—the break-through potential, I
may call it, for the mercury—is a good many thousand volts,
perhaps 6,000 to 8,000, in some cases 15,000 or 30,000 volts;
whilst the running potential, that is, the drop across the elec-
trode in a burning lamp, like one of these, is only about five."
Once the lamp has been made conductive by means of the
break-through of the dielectric on the surface of the negative——
that means, when one has brought the negative to a disintegrat-
ing state—the lamp conducts extremely well. As soon as the
current is interrupted, in the fraction of a second, perhaps the
hundred-thousandth of a second, the conductivity of this lamp
will cease. If you put the lamp out, and right after doing so
put the line potential on again, the lamp will not start again.
I can be as quick as I like i making the connection again, you
will not see the lamp start. We have first to break through
the negative electrode resistance and make the negative elec-
trode disintegrating to get the lamp to run.

On-the fact that such a mercury electrode has a very high
discharge and avery low running potential, and, furthermore,
on the fact that the lamp loses its conductivity practically right
away after the current has stopped passing through, Hewitt
has based the application of the lamp as a breaker for high-
frequency work. You may perhaps remember from the publi-
cations that he has applied a lamp shaped something like that
large bulb with two electrodes for generating high frequency
fqr, say, wireless telegraphy or similar applications.

If we start the current in the lamp by making the electrode
disintegrating, we will naturclly believe that the current will
go through such a disintegrating electrode cnly in one way. The
disintegrating electrode has to be negative. We may say,
although that is not usual, that a current will go from that
disintegrating electrode in the tube up to the positive. What
we can do with such a lamp, which allows the current to go
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through only in one way, Mr. Thomas will describe later on
to you. It is natural, if you put an alternating current on the
two electrodes of one of those lamps, that you have to put on
a very high potential to get the first phase through. Now, as
soon as that phase is through, the lamp has to be started in the
other direction. That means putting a high potential on again.
Then that phase is over and the next phase comes again; we will
have to start again by means of a high potential, and so on.
That will mean practically running the lamp at all times on
a very high starting potential to get three amperes through, as
we have here. On one of those lamps with alternating current
we will have to apply perhaps 5,000 or 6,000 volts, while here
these lamps are running on volt-120 direct current.

A few more words about the Hewitt lamp itself and its differ-
ent applications. I may start by giving just a brief description
of the lamp. The lamp consists of glass tubes to which is sealed
the condensing chamber. Into the glass tube we lead the cur-
rent through platinum wires sealed into the tube. As nega-
tive electrode we always use mercury; as positive we use
either another mercury puddle or any other metal, like
iron, copper or similar material. The temperature of the lamp
outside is not very high, just about like that of an over-running
incandescent lamp. For starting we use this kind of apparatus
(indicating). We have our 120-volt direct current coming in
here. One line goes through two coils, with about 2,000 turns
on aniron wirzcorz.  From that coil the line goes through those
two little regulating resistances to the lamp. The other pole
goes directly to the lamp. The lamp itself can be short-circuited
by means of a small resistance, and this switch (indicating),
which is a very fast break under oil. If we put the line potential
on this starter nothing happens. If we press this handle down
the current flows through those coils. You can see that when
I open this switch (indicating)—now, the cu.rent flows through
here and magnetizes those coils. Assoon as Iletgo, a very frst
trigger-break occurs in here under oil, and in that way the
high potential gcnerated starts the lamp. With this arrange-
ment we can get very high potentials, five and more thousan:s
of volts. We can run two lamps in series on double voltage,
or more lamps on a fitting voltage. If we want to make 50-volt
lamps, we make them about half as long as the 100-volt lamps.
If we want to make 1amps for small current we take a smaller
diameter. The tubes can be bent in any shape, U-shape or
otherwise, as long as it is not too much trouble for the glass
blower—and those troubles begin very soon.

When we started to work on the Hewitt lamp we had great
hopes regarding its application for different purposes, and I
must say that our hopes have been fully realized. Thelamp
is extremely actinic. That is, it is very rich in photographic
active rays, and the Hewitt lamp has proved itself to be an
extremely useful and reliable illuminant for the photographic

trade. People have for some time used this lamp successfully,
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using only the low current of three amperes, where they formerly
had to use a high current, such as 25 to 50 amperes, with arc
lamps; and they get better results with this because the light
is sq evenly distributed all over the tube. This, of course, refers
mainly to its use by photo-engravers and pcople who do print-
ing, such as bhlue printing or pertrait printing. But
the light is also an excellent equivalent for davlight
according to the opinion of the best photographic experts.
Some of the best photographers in New York have taken pic-
tures by the light of tliree or four or five lamps, and they say
they cannot detect the slightest difference as against pictures
taken by daylight, and, of course, they appreciate the advantage
of having the lamp always handy, whereas the light they get
from outside is not always there when they want it.

Another application is in the hands of physicians, who have
taken a great interest in the lamp and are making many experi-
ments, as they expect great healing effects on certain diseases
from the actinic rays which are sent out by the lamp. The
lamp practically lacks red rays, by reason of which physicians
find they can discriminate between certain kinds of inflamma-
tions very much better than by daylight, which is so rich in
red rays.

The most gratifying for us is the fulfilment of our hopes re-
garding the lamp as a light source for general illumination
where it is important to get the cheapest possible light, where
the true ratio of color values is not of importance. We knew,
and find it confirmed daily by users, that the total absence of
the red rays gives a light which does not fatigue the eye. Ve
also have made actual experiments (although I mustsay the
measurements are only qualitatively reliable), which have
shown a distinct superiority of this light which does not have
any red rays, over any other illuminant as to the fatigue it pro-
duces upon the eve. It is, thereicre, a splendid illuminant
for places where fine mechanical work, fine jeweler’s work, o-
reading, writing, and especially draughting, is done. We tlinx,
therefore, we are justified in sayving that the Hewitt light n.ay
be of the greatest benefit to mankind.

PRESIDENT ScoTT:—A vervnotable occasionin the historyof ti.c
Institute was two years ago this last spring when a conversazione
was held at Columbia University in New York. At that timne,
[ believe, was given before this Institute the first public ex-
libition of the light which we have before us to-night. Mr.
Thomas will now give us an exhibition for the first time in
public and an explanation of 4 single-phase vapor lamp. He
will also give the first public exhibition of an alternating current
vapor circuit breaker.

+ have the pleasure of introdncing Mr. P. H. Thomas.

Mr. Tuoymas:—Dr. von Recklinghausern has given vou
a full description of the Hewitt mercury vapor lamp burn
‘ag upon direct current, and has described the principles

ce— e —me . )
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upon which its operation depends. I think most people are
in the habit of looking at this invention of Mr. Hewitt's as
a new method of getting light. I would like to revise this view.
What Mr. Hewitt has really done is to study out the phenoinena
involved in this manner of getting electricity through a vacuum.
It is not a lamp, except incidentally. It is really a new group
of phenomena, a new branch of physics, almost. I do not mean
to say that he first observed the phenomena, but he is the
first man who has worked them out in such a way that they
can have commercial applications.

Looking at the operation of the lamp as an experiment in
physics we find a number of very curious phenomena developed.
Dr. von Recklinghausen hasspoken of most of them Looking
at it as a means of doing useful work, we see a number of inter-
esting applications.

The first application to be developed commercially is the
direct-current lamp. The second, which 1s now being developed,
is the vapor converter, shown so far only as athree-phase con-
verter. The third is the vapor interrupter, or more properly,
the vapor discharge gap. and, in addition there are some new
applications to be shown to-night.

Perhaps I had better summarize again the peculiar charac-
teristics of this apparatus of Mr. Hewitt's. Strictly, Mr.
Hewitt’s work has been the study of the phenomena and the
laws governing the passage of electricity at low voltage through
a high vacuum. As has been already explained, to accomplish
this result commercially and operate with low voltages, it is
necessary to use for the negative electrode some electrode
material like mercury, something which is easily disintegrating,
if you please, and also reconstructing.. The most striking
phenomena of all is the behavior of the negative electrode re-
sistance. Nothing like it, as far as I know, is found anywhere
else. At first, if you attempt to pass a current through the
lamp, you meet with very great resistance or reluctance located
at the negative electrode. Once you start the current by over-
coming this reluctance, as can be done in a number of ways,
which will be taken up later, it continues to flow with a loss
of voltage perhaps as low as 10 volts, until the current is inter-
rupted or reversed. This abrupt reduction of reluctance is
remarkable, perhaps from 30,000 volts to 10 volts in extreme
cases. Strangely, the positive electrode, which by convention
is taken to be supplying the current, has very little electrode
resistance or reluctance. The positive has, apparently, no re-
luctance to starting and causes little loss of voltage when run-
ning. The two clectrodes taken together cause from 11 to 15

volts or more loss when running, according to conditions. These.

running losses are very hard to apportion between positive and
negative electrodes. In addition to the two electrode losses,
we have in the lamp the resistance of the vapor. This is an
extremely complex phenomenon, and nobody, except Mr.

{
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Hewitt, as far as I know, has had any clue at all to the laws
governing it; but he has successfully worked out practically all
the conditions, at least as far as the range of conditions beuring
on his lamp is concerned. This vapor resistence is a most jc-
culiar thing. I will not attempt to state the laws governing it;
this would take a whole paper in itself. I will staic, however,
that in the lamp the principal part of the totwl voliage is taken
up in the vapor column. This is the light-giving portion of
the lamp, and for high efficiency it should, of course, consume
a large part of the energy. In the vapor converter the liglit
plays no important part, and the vapor path is purposely made
very short and very wide, so that little or no voltage is lost
there. Thercfore, a vapor converter may be made to run with
from 10 to 15 volts total loss. A peculiar thing about these
negative electrodes and positive electrode resistances is tle -
fact that, other conditions being unaltered, they are practically
independent of current. One hundred and fifty amperes will give
the same voltage loss as three or four amperes. I must qualify
this statement with one exception. If the current drops below
three amperes or so this voltage loss does not fall, as perhaps
you would expect, but rises very rapidly, and rises to a very
high value, sometimes to several hundred volts at .1 ampere.

For the purpose of clearness and definitencss the general type
of apparatus under discussion is spoken of as a *‘vapor con-
ductor,” that is a device which carries current by mcans of
mercury or other vapor. The lamp is spoken of as a “vapor
lamp’’; the converter, as a “vapor converter,” and thecircuit-
breaker, of which I am to speak later, as the ‘‘vapor circuit-
breaker.” This nomenclature will distinguish the various appli-
cations from one another and from other types of apparatus
performing the same function.

Next, I will describe briefly the operation of the threc-phase
converter for the benefit of those who may not perhaps under-
stand it. Then I will describe and operate a single-phase vapor
converter, a single-phase alternating current vapor lamp and
an alternating current vapor circuit-breaker.

The principle underlying the three-phase converter, as already
stated, is this negative electrode resistance. As Dr. von Reckling-
hausen has told you, if you attempt to pass alternating current
through an exhausted globe with electrodes or any vapor con-
ductor, after applying the necessary means to start it, the
current will continue to flow for one alternation, and then, as
it becomes zero preparatory to reversing, this electrode resist-
ance is formed again and everything stops. But suppose we
take three transformers, or three sources of potential connected
in star with a three-phase relation, as shown in figure 1; suppose
we connect the neutral point to the negative electrode marked
D in this figure, and each of the three free ends of the trans-
formers to the other three electrodes which are positive. On
account of the three-phase relation, it is evident that at all
times one of those three positive electrodes, A, B, or C, will be
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positive with regard to the negative electrode D. Suppose
now, by the application of high potential or other suitable
means, we start the current flowing at any time, we will say,
for instance, when the electrode A is positive. A immcdiately
starts to supply current to the negative electrode D, which cur-
rent passes around back through any load we may choose to
put on the apparatus, to the neutral point of the transformer.
As the voltage begins to drop off this current tends to drop off,
and if there were no other electrodes would soon become zero;
but on account of the three-phase relation the elcctrode B
reaches a positive voltage before the electrode A loses its positive
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voltage. As a result, current will start to flow from B before
it ceases to flow from A. Consequently the electrode D, the
negative, at no time ceases to pass current. Similarly, as the
electrode B begins to experience a falling voltage, the electrode
C has a positive voltage again and takes up the current. By
the time C is losing its positive e.m.f., A has gone through the
negative cycle and has again become positive and will in its
turn take up the current a second time, and so on indefinitely;
and this apparatus works just as simply as described. If, how-
ever, at any time you open the circuit leading to either A, B or
C, the converter will stop. This exneriment has been shown
a number of times
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When operating as described; the loss of voltage on the
useful current, that is the loss of voltage between the negative
electrode D and the particular positive electrode which is
supplying current, will be 10 to 14 volts. The voltage betwcen
D and the other positive electrodes will be very much higher
but negative, and as tlLiey are supplying no current there is no
loss of energy. To explain a little further, consider figure 2.
The full lines are supposed to represent the three-phase alter-
nating e.m.f’s. You see they differ by 120 degrees. As already
explained, each one of the positive electrodes, A, B and C,
carries the current for one-third of the period. We will say,
during the first period, that the electrode A is carrying the
current. At this time the voltage of transformer A is impressed
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between the neutral point of the transformers and the electrode
within the chamber. It is divided into two parts; one part of,
say, 14 or 15 volts in the converter, and the rest upon the load.
That is to say, if we subtract in the figure the portion between
the lines for the loss in the converter, we have the shaded portion
representing the voltage which is impressed upon the load.
Similarly during the second third of the period we have the
energy supplied by B, the second positive electrode, and sim-
ilarly a slight loss, and the remaining voltage, shaded, represent-
ing the voltage impressed upon the load; and for the third
portion of the period, we have C supplying the voltage. As a
result we have the lower shaded portion of the figure as the
voltage impressed upon the load. This, as you see, is slightly
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wavy, slightly varying. If the load itself contained a large. or
even a considerable amount of inductance, this waviness would
nearly all disappear. For the sake of clearness I have had drawn
in Fig. 3 the e.m.. curve resulting in a non-inductive load
circuit from vapor converters of different numbers of phases.
Of course, it is evident that if the three-phase converter will
operate as shown, a four-phase converter will operate similarly,
or a five or six, or any converter with a larger number of phases.
Going down one, however, if we attempt to run what I have
marked as a two-phase converter, we get into difficulty. I
must explain the use of the term two-phase. It is not two-
phase in the sense in which the word is usually employed. Two-
phase usually means quarter-phase; it means two e.m.f.'s €0
degrees apart. Strictly we ought to speak of two-phase as two
opposite phases; at least, we should speak of it that way in
connection with vapor converters. So we must understand
that two-phase means two e.m.f.’s exactly opposite, 180 degrees
apart. If we attempt to run a converter from such a circuit,
according to its law, the negative electrode resistance will re-
establish itself at the common zero point of the waves and
stop the operation of the converter. This result is confirmed
by trial. But assuming that the current will continue to flow,
we would have an e.m.f. on the direct current circuit something
like what is shown in this figure. Of course, there must be
14 volts subtracted for the loss in the converter. In the figure
the ‘* ratios "’ are the ratio of minimum to maximum ordinates
of the direct current voltage. It is .5 in the three-phase con-
verter. In the four-phase converter .7 and four phases can be
obtained from any of the common two-phase circuits, so-called,
by using proper transformers, by reversing phases. In a six-
phase converter .86 and six phases can readily be obtained
from any three-phase circuit by suitable transformers. Any
inductance in the circuit will tend to smooth out these waves.
For any commercial purposes probably four or six-phase current
is as satisfactory as perfectly steady direct current.

The principle of the single-phase converter depends upon
keeping the converter * alive "’ during the two periods in each
cvcle during which a converter constructed after the principle
of the three-phase converter but with two positives only would
go out—by causing the current from either positive to lag behind
its e.m.f. until the e.m.f. on the other positive should itself be
able to support current. This is easily accomplished by passing
the whole or a part of the current through an inductance. Refer
to Fig. 3 and suppose one electrode is during its half of the
cycle supplying current to an inductive load. The current will
build up a little behind the e.m.f. on one positive and when the
time in the alternation comes for the latter to fall off will lag
behind this eem.f. But you notice that before that current gets
to zero we have a positive e.m.f. on the other positive terminal.
The result is that there is no instant during which current is
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not passing through the negative electrode, so the negative
electrode never gets a chance to resume its resistance. As all
loads are not inductive, to use this converter on any kind of
load an inductive resistance may be put in shunt with the regu-
lar load. This shunt circuit will take a certain amount of what
you might call leakage current through the negative electrode,
keeping it alive at all times, but when, however, much other load
is thrown on, there will be no difficulty in taking power from
the main circuit.

There are three usual methods of starting lamps and con-
verters. First, as Dr. von Recklinghausen has shown you, the
standard commercial starting outfit for the lamp makes use
of a high potential from an induction coil, momentarily applied
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to a starting band and to the positive electrode. This high
potential is obtained by a quick-break switch. The method
can be used to start the vapor converter, but there is one in-
convenience about it. Thke converter runs on alternating cur-
rent, and the quick-break switch may happen to break the
alternating current when it is pretty nearly zero, or it may
break it near the maximum, and it is necessary to try a num-
ber of times before you hit the wave at the proper point for
causing a rise in the potential.

Secondly, the converter may be started by means of a high-
tension transformer. If this transformer be excited from the
same supply as the converter, the phases of e.m.f. from trans-
former and converter will keep together. and the emf will
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always be applied at a time when the converter is able to pick
up the current. )

Thirdly, another method will be shown, the one used by Arons,
and for many purposes the simplest. A current is established
through the vacuum by forming a closed metallic circuit from
the positive to the negative, by causing the mercury or some
other metallic conductor to connect the positive and negative.
If under such conditions this metallic circuit be opened so that the
current has to pass through the vapor; at the instant of separa-
tion there is caused somehow or other a breaking down of that
negative electrode resistance. That is, the current is not inter-
rupted by breaking the closed metallic circuit within the vacuum.
This method eliminates the high potential.

The alternating current lamp is really the same problem as
the alternating current converter; but the alternating current
lamp, of course, will have no external load to carry. All we
need to do is to use two positive electrodes, instead of one, and
allow the current from both these positives to pass through the
same vapor bath. The result will be a direct current passing
steadily through the light-giving portion of the lamp, just as
though it were a direct current lamp, only we require two positive
electrodes, and we also require the neutral point of the supply
system. That neutral point, if it be not availablein the supply
circuit, may be obtained by means of a small auxiliary trans-
former. When this lamp is running there is a pulsating direct
current, though there 1s not actually very much pulsation
During a single alternation the applied e.m.f. has to do two
things It has to maintain the current within the lamp, and
it has to supply a little energy in the choke-coil during the
increase portion of the pulsation At the time when the zero
point is being passed the choke-coil gives back this energy, which
during the next alternation has tobe restored. Now, if the lamp
operate normally, nearly at its minimum voltage, when it is to
be started, the lamp during the first alternation of the current
must be built up from zero to the maximum point of the varia-
tion—not from the minimum point only, as is required after
the lamp is once started. This may require three or four
times as great an absorption of energy in a given time. It is
thus advantageous to supply for the time being an extra poten-
tial, which we might call an auxiliary or supplementary poten-
tial, to the lamp. This should be discontinued when the lamp
has started. This is done in the a.c. lamps shown.

The application of the Hewitt apparatus to the breaking of
alternating currents is quite simple. Suppose an attempt is
made to pass an alternating current through a lamp. The cur-
rent goes out at the end of the first alternation. But suppose
that by some means the current to be interrupted be made to
pass through the lamip. Then when the means used to pass
the current be removed the current stops at the first zero point.
There are two or three ways of accomplishing this result. One
means consists in establishing a mechanical circuit within the
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vacuum; to carry the current, and then when desired break the
mechanical circuit, and the current will go out at the end of the
first subsequent alternation, at which time there is no stored
magnetic energy and no chance of a rise of potential. A small
mercury switch, acting on the principle described, is here shown.
It is used to cut out the a. c. lamp. The switch is so constructed
that tipping in one direction connects the mercury in the elec-
trodes and tipping in the other separates them, which operation
interrupts an alternating current.

This type of circuit-breaker has two or three advantages aside
from its ability to open circuits. The first is that the contacts
are practically perfect, if mercury be used. In the second place,
the contacts will not deteriorate, they will not burn. They do
not have to be replaced or carefully adjusted. In the third
place, on account of the very short distance which the current
neels to be carried in the breaker, it is easy toget a large cross-
section of conductor. This makes a very light apparatus, which
can consequently be very easily controlled electrically or me-
chanically or in any othier manner. This type has two principal
disadvantages: the vacuum must be maintained, and mercury
is rather objectionable; but these disadvantages are
insignificant in comparison with the advantages to be gained.

Dr. von Recklinghausen and I have shown to-night a num-
ber of the applications of this Hewitt apparatus, and have tried
to give you some idea of the physical meaning of it. It is a fas-
cinating field, and I trust you will hear again from Mr. Hewitt’s
inventions before we are through with them.

PrESIDENT ScoTT:—As I have been listening to Mr. Thomas
discussing the sihgle-phase relations I have wanted to get my
ideas into some form of analogy, into some way of ordinary
thinking or acting. I presume Dr. Franklin may have in his
mind certain differential equations which give him a perfectly
clear idea of just what is going on. I used to have an apparatus
that I worked with, and worked with very hard, and it throws
some light, to my mind, on this single-phase problem. It was
a bicycle. My first bicycle weighed 57 pounds, and on the
Pittsburg hills it made a very profound impression, that I re-
member tothisday. This bicycle, of course, was a piece of single-
phase apparatus. One pedal went down while the other was coming
up—down and up; pullee, pushee; no, it was_all pushee, no
pullee. (Laughter.) Now, in that respect, as there was no
pullee to it, it was like the resistance of the negative electrode.
I had to do all the work in one direction, only one end of this
single-phase system worked at one time, and the other end at
the other time; and as I used to go up hill, my 57 pourds going
up grades of 15 per cent. or a little less, I used to go very slowly,
and I found it very hard work to get over the dead point. Now
Mr. Thomas’ current has a very similar trouble—it cannot get
over the dead point; and I imagine this evening that if I had
had a little apparatus similar to what he has, and could have
gotten a little spring under my pedals, something that when
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I pushed my foot down as far as I could, would throw it a little
farther until I got my other foot just over that dead point, I
could have got my wheel over the hills in the same way in which
he makes his lamp go. So that I think my experience with the
bicycle has helped me to clear up in my mind the difficulty and
the ingenious method of overcoming it which are found in the
single-phase lamp and the single-phase converter.

Q. (A MemBER) I should like to ask whether the efficiency
of the converter is measured solely by the ratio of 14 to the volts
lost to the converter.

A. (Mr. THoMas) That is all the loss there is, except what may
occur 1n the auxiliary apparatus. For instance, if you have an
induction coil to keep it alive, that will take a certain amount of
energy. There is simply a flood-gate opening, you might say, to
allow the current to go out. I ought to have called attention to
one thing that inadvertently slipped my mind, in which respect
this converter has a great advantage over ordinary converters—
the matter of regulation. This 14-volt loss is constant, indepen-
dent of current. That is, the thing is practically perfect as far as
regulation goes. There is really no lost energy there which
affects the efficiency.

DR. voN RECKLINGHAUSEN :—On a 120-volt circuit, I have had
an over-voltage of 135 volts. That makes the temperature of the
lamp run up, and that alters the radiation and the conductivity.
The way the lamps are made now they will stand very nicely
about 5 or 10 per cent. variation either way; but if it gets up to
15 and 16, something like that, they won’t do it. The mercury
gets too hot and then we work on the up-going part of the volt-
ampere curve. The conductivity of the vapor goes down, the
resistance goes up and the lamp has to cool down again before it
has its normal conductivity.

Q. Does it go out?

A. It goes out, yes.

Q. It doesn’t get brighter then with high voltage?

A. Oh, yes, it gets brighter up to a certain temperature, but
getting brighter means also getting hotter. It stands a certain
amount, but not over much, just on account of that peculiar volt-
ampere characteristic. If the voltage goes down the current
drops down some, and if it drops down too much the current goes
below the maintaining current. The lamps of this type cannot
be run below, well, say, about 1.2 amperes, something like that.
The normal amount is three amperes. Apparently there is a
certain amount of current necessary to keep the electrode
disintegrating. Once that current drops too low down, the
negative electrode refuses to disintegrate any more and the
current stops flowing.

Q. What voltage does that correspond to, 1.2?

A. On a 120-volt, lamp like this it may correspond to 80 or 90
volts line pressure.

Q. That is considerable of a drop?

A. Oh, yes. That is a drop which will never happen on a
commercial line, according to what the central station people say.
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2. gor a smaller ampere lamp you use a smaller tube?
. Yes.

Q. What is the smallest ampere lamp vou can make?

A. We have made what I may call toys for about .4 ampere or
.3 ampere. They were for about a 100 volt circuit, They were
about 70 c.p. They are too small to be made practically. We
made a very nice lamp about half the size of this, but below that
they are not of advantage. There is no advantage in going too
low down.

Q. I would like to ask Dr. von Recklinghausen whether I
understood him rightly in the early part of the evening when he
said that this lamp would not operaie with a trace of any other
gas in it.

A. Of course the lamp will stand a trace; that is certain. As
amatter of fact, I suppose with the best apparatus at our disposal
we will never be able to get out all of the gas, but if we have
what I would call more than a trace—it is very hard to determine
how much wi'l spoil it—the lamp is of extremely high voltage and
is unsatisfactory in every way. It runs very unsatisfactorily,
blackens the glass and does all sorts of harm.

Q. Didn't you say you tried to add red to the lamps?

A. Yes, we tried that too. I mentioned in connection with
one of the very early patents, mercury lamps in which the
inventor proposed to use nitrogen to get a different color.

Q. That was never a commercial success?

A. Oh, no. The colors changed all right; there is no doubt
about that. :

Q. Would a red reflector give the light a red color?

A. The spectrum has no red, and therefore red glass or a red
reflector would act like a gray or black glass or reflector; that
means, no reflector. The only possible way of getting red from a
source which has no red is fluorescence. I am sorry I did not
bring that along. We have made some experiments to get dye
stuffs which show fluorescence under the influence of certain
mercury light waves; that is, which transform certain waves
that the mercury light has into red waves. Rhodamin is one of
those dye stuffs. If we have a piece of silk round the lamp, then
the lamp looks distinctly red and people look a good deal more
human than they do without it.

Q. It is very essential that the mercury should be very pure, is
it not?

A. So long as the mercury does not contain gas it does not
matter. We can use amalgams, but there are all sorts of troubles
coming in—attack of the glass and that sort of thing; and then it
is extermely difficult to get the gas out of an amalgam.

Q. This question is asked, whether the life is like that of incan-
descent lamps, say, 800 hours.

A. Well, without promising in every case, we can say that the
lamps will surely live a thousand hours. Since we have really
known how tomake them; that is, since we know everytrick of the
new trade, practically no lamp has given out at all under 2000
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hours. The candle power seems to drop slightly, due to a slight
coloring of the glass. It will drop the candle power 10 per cent.
or so. The life seems to be terminated by the vacuum getting
bad. There must be some place where the air does leak into the
lamp. It is highly improbable that it leaks in through the glass.
In all probability it goes lengthwise through the platinum wire
~hat is sealed into the glass. The lamp is put on to the pump
again, pumped out, and is then like a new lamp. There is no
consumption i the mercury. The mercury and the vapor is
entirely enclosed, and the mercury electrode reconstructs itself all
the time.

Q. Is the amount of light even all over the tube after it has
been burning a few hundred hours?

A. Yes, it seems to be absolutely even all over I may say,
speaking of candle power—it is of course an extremely hard thing
to determine the candle power of a light the color of which is so
very different from any of our yellowish standards—all our
standards have a very yellowishcolor. Our photometer measure-
ments I should not call more exact than within 10 per cent. Of
course, we check them up with reading tests with standardized
incandescent lamps, but still there is a good deal of doubt about
them. The candle power of one of these is about 700 c.p. The
ballast resistance is those two coils and those two little regulating
rheostats. It is necessary to have it with this type of lamp. If
we arrange the condensing chamber and the amperes of the lamp’
differently, then we can use less ballast; but we run into difh-
culties of a different kind, as to variation of pressure and so on.
We have made lamps with about half the present ballast resist-
ances, but they were not quite as satisfactory in other ways. The
whole problem of the condensing chamber, the density and those
things, is an extremely difiicult one. The lowest voltage for
which = lamp can be constructed would be the voltage of the con-
verter; that would be 15 volts. Thet would be a lamp that gave
no light; and any veolts in excess would give a corresponding
amocuant of light. If vcu make a 20-volt lamp, for instance, tl:e
15 volts would be consumed in the electrodes and not give any
light, and the five voits remaining would give light;of course
chis would not be efficient. The longer we make the lamps the
more efficient they get, because the energy absorbed in the elec-
trodes becomes a smaller percentage with high voliages than
with low voltage lamps. The current at the beginning is some-
what higher than afterwards. I should say that a lamp of this
type will take perhaps 4% or five amperes for a few seconds, and
gradually to work down to three amperesin five or ten seconds.
For each lamp or each series of lamps we have a separate starting
device. For instance, if we had 240 volis, we would have two
lamps in series on one starting device. We have 15 volts in the
electrodes, and about 20 volts in the ballast; that makes 35 out’
of 120. I should say 65 per cent. gives light and the rest does
electrode work or ballast work.
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Q. I would like to ask a question about this peculiar character-
istic curve. As I understand it,one voltage will correspond to
two amperages. If certain voltage is impressed on the lamp,
what determines whether the higher or the lower current flows
through?

A. The lamp will go to the low ampere 90-volt point if we do
not allow enough current to pass through it. It will go to the
high current 90-volt point if we allow enough current to pass
through it.

Q. But if the moment that the high tension is taken off is the
moment you put on the current, will it simply go to the high
current part of the curve?

A. That depends entirely on the ballast resistance you have.
If your ballast resistance allows too many amperes, say the
necessary four amperes or so, to pass through, then it wik
naturally go to the high ampere 90-volt point. If you allow
only one ampere to go through, it will go to the low ampere 90-
volt point; and wherever it goes on that inner upper end of the
curve, it is in a very unstable state; the lamp is always very
near going out.

There are some other phenomena connected with the lamp
which we could not speak about to-night, because they are pretty
hard to demonstrate with the apparatus we have here. For
instance, just at the negative electrode there is a long pinkish
flame shooting off from the surface, absolutely independent of the
real light-giving gas column; that flame in a properly constructed
lamp may be two or three feet long, and has very peculiar
properties under the influence of a magnet and so on.

Q. Well, I am reminded in that connection of that theory of
Drude’s that the escape of electricity from metal is due to.the
ionization of the metal and the giving off of a vapor consisting
of ions. If that is true, there must be some sort of a cathode
ray effect; and you say you have not detected any sort of a
cathode ray?

A. It may be cathode ray effect, but in the way one detects
cathode rays we have never detected or found any. ]

Mr. C. O. MarLLoux:—I would like to ask Mr. Thomas some
questions regarding the commercial possibilities of the vapor
converter. I would like to know, for ins‘ance, what is the
largest that has been made thus far, and whether, in case a large
output were required, it would be possible to group these little
glass balls in various ways, so as to ot.ain a large resul‘ant total
effect. In other words, may we look forward to a time, in the
near future, when we can operate a vapor converter giving the
same effect as the ordinary rotary converter, of several hun-
dreds, perhaps several thousands, kilowatt capacity? I also
would like some idea of the possible cost, I should perhaps say
the great drop in cost, that would result from the introduction of
this wonderful invention. I may say we are all prepared to
expect that the cost per k.w. will be very low.
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MRr. THoMas—There are very good prospects that in the
end the improved vapor converter can be used for railway work.
Of course, you cannot get any converters for that purpose now.
Mr. Westinghouse is having the matter taken up in a very broad
manner, with a view of ultimate speed rather than immediate
results; and the different phenomena involved, the different
problems, of which you can see there are a great many, are being
investigated separately and individually and no effort has been
made to assemble a single converter of the maximum capacity.
The total k.w. that can be obtained from a vapor converter of this
type is determined by the current that can be transmitted
without undue heating and the generator voltage that is used.
vrhich voltage is determined by other considerations than the
tequirements of the converter itself. The converter within
Iimits is not affected by the generator voltage. It is expected
that they will be operated in groups if necessary, but there is
good reason to hope it will not be necessary to group them.

Q. Suppose, due to some cause or other, the current were in-
creased to 200 instead of 100 amperes, what would be the
result?

A. I can illustrate. By accident here I just now crossed the
two positive electrodes when I was starting the experiment.
Nothing happened except the blowing of two small fuses. There
was a dead short circuit through those fuses. You didn’t know
that anything had happened. If there were no fuses, the result
would depend upon how the converter is designed. Nothing
peculiar happens, unless the short circuit be very excessive. It
doesn’t affect the vapor injuriously. The chief difficulty is
where the metal leads in through the glass. If the metal ex-
pands enough it will crack the glass. Well, to take this par-
ticular converter, as it stands, the difficulty limiting the
capacity would be the heating up of the globe. If you put it
under oil we might heat the platinum at the bottom so much
that it would swell and break the glass at the seal. If you
dissipate the heat the capacity of the device goes on up. There
is no one limiting factor that we have found so far. The heating
is proportional to the current, not to the square of the current.
This gives the advantage that there is no variation of voltage
due to chang~ of current—therefore the regulation is perfect.

Q. With a fluctuating load will the device operate successfully
o: will the phenomena of a rise of resistance from overload, as
secen in the lamp, cause trouble?

A. Well, the conditions between lamp and conver‘er are very
different. The lamp is designed to run taking all the voltage of
the circuit. The converter only takes a small fraction of the
voltage of the circuit, and you have all the remaining voltage
forcing the current through in case of temporary excess of
demand.
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HIGH-SPEED ELECTRIC RAILWAY PROBLEMS.

BY A. H. ARMSTRONG.

Among the many questions to be consicered in a new railway
project, perhaps the one of primary importance is the uestion
of the proper speed at which to operate, as depending upon this
tactor is not only the first cost of the road, but its cost of opera-
tion and probable receipts. It is the purpose of this paper to
touch briefly upon some of the fundamental relations existing
between first cost of a railway system, its probable cost of opera-
tion and schedule speed, discussing also the probable traffic
receipts to be secured with different methods of operation. In
considering so broad a problem in a paper of this length, it will be
necessary to omit detailed proof of many of the statements made,
but the method of arriving at the conclusions will be outlined.
Most of the data presented are obtained from a very elaborate
series of experimental tests, so that the results obtained may be
considered of direct practical application.

Owing to the wide field covered by the electric railway motor,
it is not possible to consider all classes of railways and therefore
this discussion is limited to the relatively high-speed roads. It
is a mistaken idea that acceleration problems are met with only
in city or elevated work where the stops are frequent. Although
the so-called high-speed roads stop at comparatively infrequent
intervals, the relation existing between stops and schedule
speeds often calls for the most serious consideration of fractional
speed-running of the motors. Such roads really act as tributaries
to large city street railway systems and must be able to operate
over several miles of city tracks at slow schedule and with fre-

91
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quent stops, and also be adapted for operation at 40 or 50 m.p.h.,
with infrequent stops on a private right of way.

While each road presents its own local characteristics they can
generally be divided into two broad classes, those having fre-
quent stops and those having very few stops. Both classes of
service will probably parallel one or more steam lines and must
make a schedule speed that will compare favorably with that
obtaining on the competing steam road. This high schedule
speed must also be made with more frequent stops than given
by the steam service, and in nearly all cases over a track which
has many sharp curves, which have the effect of still further
increasing the number of stops. Interurban roads having very
infrequent stops, say one stop in five or ten miles. private right
of way, and an alignment free from curves of less than three
degrees, can give a service equal or superiof to any competing
steam line, and can furthermore provide the frequent service
which has proved one of the valuable assets of electric roads.
Moreover, the generating station, feeder system, motor capacity,
and power consumption will be moderate in first cost. The
problem of high-speed clectric service therefore is comparatively
simple, provided the alignment is free from sharp curves and
the stops are very infrequent, and such a service can be operated
at a less cost and will attract more traffic than the competing
steam line with its antiquated method of operating with steam
locomotives. '

Suburban roads, however, that pick up their load at frequent
itervals along the route and still have to compete with parallel
steam lines, present problems much more difficult to solve from
an economic standpoint. It is the custom of such roads to
establish stopping points, say one mile or less apart, and stop at
these points only on signal. During certain portions of the day,
however, cars will be obliged to stop at nearly all these stations,
and will either fall behind their schedule at such times or will
have too much leeway during the remainder of the day when
stops are much less frequent. Moreover, owing to the consider-
able city running at necessarily slow speeds, these suburban
roads must make as good time as possible on the suburban route
in order to bring the passengers from the more distant points
within a reasonable time, including city running. In fact, such
roads when paralleling steam lines operating on private right of
way through the city, and moreover giving excellent service
morning and night to commuters, are compelled to face very
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serious engincering and economic problems due to the tremendous
amount of generating apparatus, line-copper and motive power
required to give equally good service. .

A suburban road will develop a considerable amount of .traffic,
due to its frequent service, but there comes a time when such
roads will extend beyond the zone of half hour runs into the city
and try to reach the outlying districts hitherto belonging exclus-
ively to the steam lines. The frequent service will always be a
valuable asset and one that cannot be duplicated with the stcam
locomotive, except at higher cost of operation; but if it takes
considerably longer to reach the city by means of tlie electric line
than by the steam road with its better facilities for high specd,
the electric line will fail to obtain the proportion of suburban
business to which it has bcen accustomed in its more limited
scope. In other words, it fails in its purpose, due to the frequent

£7ps to which its previous popularity was due.

In considering the proper speed at which to operate a new
electric line, it is necessary therefore to go very carefully into
local details and especially canvass the competition with existing
steam lines not only when operated in their present form, but
also consider the possibility of their adopting electricity as a
motive power. -

In considering the possible speeds of a car or train of cars, the
investigator is met with the necessity of obtaining some accurate
data on the question of car and train friction. The greater part
of the data now existing on thissubject have been obtaincd with
trains hauled by steam locomotives. Many of these results were
obtained by draw-bar pull and hence neglected the wind-friction
of the locomotive, and those taken by indicator diagrams are
open to the objection that the steam locomotive is not square
ended like a car and wind-friction results so obtained are not
applicable to the operation of the train electrically without
locomotive. Moreover, all these results were obtained with more
than a single car in the train and do not apply to suburban clec-
trical operation which almost universally uses single-car trains.
Tests are being made from time to time with electrically operated
trains, and due to the refinement of the carcfully calibrated vclt-
meter and ammeter’it is possible to obtain wind-(riction values at
various speeds and with different number of cars in a train with
greater accuracy than in the previous steam tests. These results -
are not at all complete and the only attempt known to the writer
t0 obtain friction values with different number of cars was made
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by W. J. Davis, Jr., through the courtesy of the International
Railway Company on its Buffalo & Lockport line in March,
1900 Using these tests as a basis, the writer has drawn up three
rriction curves in Fig. 1, designating them 4, B and c.

The ¢ curve will hold approximately for sinyle-car operation
where the car weighs in the vicinity of 40 tons. The B-curve
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applies to the operation of two such cars in a train and the a-
curve to a train of such cars, say eight or more in a train. These
curves are not published with the idea that they are correct, in
fact the specds at which they were obtained do not exceed 60
m.p.h., and hence extension beyond this speed is based upon a
formula which will follow curve shape up to 60 m.p.h. As the
results obtained by using them are not dependent upon their
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numerical values, intermediate points being easily interpolated,
it is not of prime importance that the three friction-curves given
represent accurately the conditions as set forth. In fact, with
the diTerent shaped cars now in use and the different cross-section
of cars having the same weight, etc., it is hardly possible to make
one friction-curve which would apply accurately to all cases. It
is probable, however, that the curves given have the general
shape and the numerical values applying to average conditions.
The friction curves have been extended to maximum speeds
approaching 90 m.p.h. in order that questions of motor capacity,
train cnergy, possible schedule speeds, etc., can be followed up
to maximum speeds equal to or better than those in vogue on the
present steam roads. As will be pointed out later in this paper, the
consideration of the proper method of operating a railway service
at these high maximum speeds leads to very interesting results
as determining the size of trains and frequency of service to be
adopted.

With the friction curves in Fig. 1 as a basis, the curves in Figs.
2, 3 and 4 have been calculated, showing the possible schedule
speeds and energy consumption required for these speeds up to
and including 75 m.p.h. maximum. The method used in making
up tlese curves is similar to that pointed out in a paper entitled
A Stupy or THE HEATING OF RAaIlLWAY.MOTORS presented by the
writer at the annual meeting of the INSTITUTE in 1902. As
indicated in that paper, the rate of acceleration and rate
of braking do not have a marked effect on the energy consump-
tion or possible schedule speeds for these comparatively high-
spced roads. The shape of the motor characteristic also is not a
determining feature and can be neglected without introducing a
possible error of more than a few per cent. The controlling factor
in all of these curves is the friction-curve, which includes track,
rolling, journal, and wind-friction.

Tae constants assumed in calculating the above curves are
those pertaining to average high-speed suburban work as
follows:

Gross accelerating rate .............. 120 1bs. per ton
Braking effort (average) ............ 120 ¢ ¢
Duration of stop.................... 15 seconds each.

Track assumed to be perfectly straight and level.
In the above curves, due consideration is given to all the losses
occurring during acceleration with the standard series-parallel
controller and direct-current motors. If the curves are to be used
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for alternating-current motors, allowance must be made for the
diference in accelerating efficiency of the two types of motors
and their methods of control. The inertia of the rotating parts
of the equipment generally amounts to 5 per cent. and this value
is taken throughout, being perhaps a little high for the higher
speeds and low for the lower speeds. The speed-curve of a
standard 125 h.p. motor is used throughout. Thc energy curves
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given are somewhat affected by the amount of coasting done,
although this is not so determining a factor in this high-speed
work as it is in slow-speed rapid transit accelerating problems.
In order that the energy curves should be conservative, they are
plotted with only 10 seconds of coasting permitted and therefore
the schedule speeds given are ncarly the maximum possible. and
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the energy curves given are also practically the maximum
possible with the maximum speeds assumed. Should power be
shut off earlier and more coasting permitted, the energy con-
sumption would have been decreased and the schedule speeds
decreased somewhat also, especially with the more frequent stops
per mile, '
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An inspection of these three sets of curves will bring out the
very great effect of the wind-friction when using trains of one or
two cars at very high speeds, in fact at 75 m.p.h. maximum speed
the operation of single car trains becomes impracticable with
light 40-ton cars of standard construction, and even at 60 m.p.h.
is questionable. To quote from the curves, it requires an energy
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consumption of 47 watt-hours per ton-mile for a train of several
cars, as against 137 watt-hours per ton-mile for a single car oper-
ating at 75 m.p.h. without stops; that is, a single car operation
would demand 3.7 times the energy per ton that would be
required for the operation of a train of many similar cars. Even
a two-car train will require but 92 watt-hours per ton-mile, or
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only 67 per cent. of the energy required per ton for single car
operation. As these values are for constant-speed running,
while more or less frequent stops would obtain, a comparison at
say one stop in 4 miles would be nearer the actual results in
practice. Here a single car requires 157 watt-hours per ton-
mile, a two-car train requires 120 and a train of several cars 79
watt-hours per ton-mile. The results would indicate that in a
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class of service calling for very high maximum speeds, the
tendency of electric roads will be to follow steam railroad
practice and operate trains of several cars at more infrequent
intervals rather than follow present practice of suburban electric
roads and run single cars at frequent intervals. It will be a
question for local consideration whether sufficient additional
traffic would be gained by the operation of single cars, say on
half hour headway, or trains of two or three cars on one hour
headway or more, the latter requiring but 60 or 70 per cent. of
the power per ton moved, and also effect a considerable saving in
train-crew expenses. As the maximum speed of the service is
reduced, the difference in energy consumption between single
cars and trains of cars is also reduced and at 30 m.p.h. a single
car will require but slightly more energy per ton than a train
when operated at the frequent stops characteristic of low-speed
service.

Another very interesting feature which is well known but
perhaps not fully appreciated is brought out by the curves of
schedule speeds possible for different maximum speeds. Thus,
with one stop in 8 miles it is possible to make a schedule of 61
m.p.h. with maximum speed of 75 m.p.h., and a schedule of -
28 m.p.h. with maximum speed of 30 m.p.h. If stops be in-
creased so that they average one per mile, however, the schedule
speed possible with a maximum speed of 75 m.p.h. is dropped to
29 m.p.h., while the 30 m.p.h. maximum speed permits of a
schedule speed of 22 m.p.h. Thus while 30 miles is but 40 per
cent. of the higher maximum speed it permits a schedule at one
stop per mile of 76 per cent. of that possible with 75 m.p.h.
maximum speed. The fallacy of using high-speed equipments
for frequent stops is forcibly brought out by referring to the
energy curves in Figs. 2, 3 and 4. With one stop per mile it
requires 200 watt-hours pe- ton mile with 75 mile maximum
speed equipment, and the 30 miles maximum speed equipment
can obtain 76 per cent. of the same schedule with an expenditure
of only 28.5 per cent. of the energy. The two values taken for
the maximum speed are the extreme, but serve the purpose of
bringing out the tremendous price paid for high schedule speeds
at frequent stops. The conditions of acceleration and braking
are the same in both these equipments, while if higher schedule
speeds were required with, say, one stop per mile, a higher rate of
acceleration and, if practical, a higher rate of braking would be
adopted. The difference in energy values would be considerably
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reduced thereby, but neither the average rate of acceleration nor
the braking could be very largely increased without incurring
the possibility of discomfort to passengers.

Before considering the application of the previous curves to a
concrete case, it is necessary to include the effect of the different
friction curves at high speeds upon the capacity of the motor
equipment. In the paper by the writer at the last annual meet-
ing of the INSTITUTE, the manner of fully determining the
capacity of a motor for any service was indicated. The details
of this method will not be gone into in the present paper, but for
convenience a sample motor capacity-curve of a 125 h.p. equip-
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ment operating at a maximum speed of 45 m.p.h. is shown in
Fig. 5.

The means taken to determine the capacity of this motor is to
obtain from a series of temperature runs made upon an experi-
mental track the degrees rise per watt loss in different parts of
the motor for different ratio of losses for armature and field. It
is obvious that so long as the motor losses and their distribution
are the same, the temperature rise of the different parts of the
motor will also be practically the same. This assumes that the
car will travel at the same average speed, which is not necessarily
the case owing to the fact that the same motor cycle could be
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obtained with a considerably different train cycle. A service
capacity-curve similar to Fig. 5 on the 125 h.p. motor is there-
fore not absolutely correct unless the thermal capacity curves be
obtained from actual tests giving the same train-cycle as that
indicated. It is not necessary to conduct so elaborate a series of
tests, as a sufficiently close result can be obtained for practical
purposes by obtaining the experimental thermal capacity curves
at moderate average speeds upon an experimental track, and
assuming that the conditions of ventilation so obtained will hold
true for all the schedule speeds. It is admitted that a source of
error is thus introduced and that motor service capacity curves
will read too conservative at the very high speeds and will
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possibly be too liberal at the lower speeds; but conservatism at
speeds approaching 75 m.p.h. could not be criticised as poor
engineering, and the results given in following curves are there-
fore presented with full confidence that they will meet a long felt
want and will moreover be approximately correct for types of
motors similar to those serving as basis of calculation and experi-
ments.

An inspection of the curves given in Fig. 5 discloses the fact
that for a given temperature-rise the capacity in tons per motor
is practically a fixed amount. For example, a temperature rise

.
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of 60° C. will be obtained with approximately 16.2 tons per motor
over a range extending from one stop in four miles to five stops
permile. Itis thus sufficient to associate a given motor and gear
ratio with a definite car weight which it can operate with a given
temperature-rise, and with any schedule speed which the number
of stops per mile will permit. This at once affords a means of
comparing motors of different capacity by means of the ‘‘ tons
per motor ”’ which is permitted for say 60° rise and a given
maximum speed equipment. In presenting the curves in Fig. 6,
the results of a large number of experiments and calculations are
incorporated on motors of similar design, giving the relation
between the commercial one-hour rating of the motor and the .
number of tons which that motor will carry at maximum speeds
of 30, 45, 60 and 75 m.p.h. The curves of 30 and 45 m.p.h. are
probably accurate, those at 60 m.p.h. may be open to the criti-
cism of being conservative, and at 75 m.p.h. with the superior
ventilation afforded by the schedule speeds incident to such high
maximum speeds, the motor-capacity curves perhaps indicate too
low a ton weight for 60° rise. As no electric road as yet affords
means of obtaining experimental values at this high maximum
speed, the degree of error cannot be determined and in any case
should not exceed more than a possible maximum of 15 per cent.
Figs. 7 and 8 are plotted for 60° also, but using friction curves
B and c, so that by means of Figs. 6, 7 and 8 it is possible to deter-
mine the capacity of motor required for any maximum speed and
any weight of train; while from Figs. 2, 3 and 4, the possible
schedule speed and energy consumption can be obtained for any
maximum speed and frequency of stops. The maximum speeds
of 30, 45, 60 and 75 m.p.h. have been chosen as covering the
present field of electric railroading, and intermediate values may
be readily interpolated.

The relation between the commercial one-hour rating of a
railway motor and its service capacity-performance is very
difficult to express. In fact, it is almost impossible to compare
two motors differing essentially in their mechanical design, as
the stand-test of a motor has no direct bearing on its service per-
formance with its different distribution of losses and better
facilities for ventilation. It is necessary therefore to obtain by
experiment the performance of each individual motor under
conditions approximating service operation, and determine the
relation of stand-test to service operation for the particular motor
in question. By carrying on a series of exhaustive tests on each
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individual motor it becomes possible to plot the results of such
tests in curve form and show the relation between stand-testsand
service capacity, provided motors are of the same general design.
Having obtained the capacity in tons per motor for different
maximum-speed equipments, the results were all found to follow
the general law noted in Fig. 5; that is, the temperature rise was
found to be practically constant over a wide range in stops per
mile and schedule speed. With this simplification it becomes
possible to compile curves 6, 7 and 8, giving the capacity motor
required for any train weight, schedule, and frequency of stops,
t'e motors all being of similar design. These curves are all

80 M.P.H, /

o

L

/r . 1 60 M.P.H, L~
—-——
-

10 >
8 o

v
—"—_
—
T —t—1"T1 | 756M.P.H.

| ]

20 40 60 80 100 120 140 160 180 200
COMMERCIAL H. P. RATING OF MOTOR

F16. 7.—Motor Capacity 60° C. Rise. B. Friction Curve.

KIAVA

plotted with motors of the closed type, it being assumed that in
miscellaneous operation advantage cannot be taken of opening
ventilators. Where motors can be operated partially or fully
open, the capacity, especially at high speeds, will be considerably
increased. It is probable, however, that motors operating at
speeds approaching 60 to 70 m.p.h. will be upon a surface track
where it would be advisable to protect the motor from dust and
moisture, and thus operate closed.

The results brought out by curves, 6, 7 and 8 are very instruct-
ive as determining the probable trend of very high-speed electric
railroading where trains of one or more cars are used. For
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example, a 40 ton car equipped with four motors, thus giving 10
tons per motor, will require a 133 h.p. motor for 60° rise when
operating a train of several cars at 75 m.p.h. maximum speed,
while the same weight of car would require a motor of at least 230
h.p. if operated as a single car with the same temperature rise
and similar design of motor. That is, the motive power is
doubled in going from train to single car service. Thus not only
is train-friction the determining feature of energy values, but it is
the controlling feature as well of the motor capacity required to
perform a given high-speed service.

As pointed out in the earlier part of this paper it is not neces-
sary that the friction curves A, B and c shall in themselves
correctly give the numerical values for train, single-car and two-
car work. The general shape of the curves is undoubtedly that
pertaining to their respective size of train, and as the three curves
are taken and subsequent calculations are all made upon a three
curve friction basis, it is relatively an easy matter to interpolate
and obtain the energy, schedule speed and motor capacity re-
quired for any train-friction expressed in pounds per ton. The
friction curves are of use therefore only in determining the funda-
mental values of train energy and motor capacity given in the
subsequent curves, and the energy, schedule speed, and motor
capacity can be obtained from these curves whether the friction
pertaining to the case in hand is, say, 33 lbs. per ton at 50 m.p.h.
for single car operation, or more or less than this value. The
application of the motor and energy curve is therefore universal
and it is only necessary to obtain sufficient experimental data
of the particular type of car or train proposed to determine
accurately its friction for a given maximum speed and obtain
the various values required by interpolation in the curves given.

Having obtained the data upon which to base calculations for
the proposed electric road, perhaps the best method of showing
its application would be to take a concrete case. Let the dis-
tance from A to B be, say, 100 miles, or great enough to get over
the consideration of location of substations in relation to the
length of the line. Assume also that the proposed road will
parallel a steam line, or that there are other reasons necessitating
a high schedule speed, and that stops will occur every four miles
and will be of 15seconds duration, and that the motors will be direct
current supplied from substations fed from a single central gene-
rating station. It is desired to know tne effect that single car or
train operation will have upon first cost and cost of operation.
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It is assumed that the competing steam road will have a
schedule speed in the vicinity of 40 m.p.h. Such express trains
as exceed this schedule will offer such very infrequent service,
and will furthermore be so restricted to their through travel that
they will not enter as a factor for consideration. By referring
to Fig. 4 we find that a schedule speed of 40 m.p.h. can be obtained
with a maximum speed of approximately 48 m.p.h. with one stop
in four miles. The enecrgy consumption will be 82-watt hours
per ton-mile and the motor capacity will consist of four 110 h.p.
motors operating a single 40-ton car with a temperature rise of
62° (Fig. 8). The energy consumed at the car will therefore be
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131 k.w. or 144 k.w. at the substation bus-bar, allowing anaverage
drop of 10 per cent. in the third rail. With a substation bus-bar
potential at 600 volts, each car will average 240 amperes.
Assuming that the road will be double track with 80 1b. track
rails and 100 1b. third rail, the distance apart of the substations
will be approximately 13 miles with a maximum drop of 170 volts
when two cars are passing midway between substations, one of
which is accelerating. This drop is permissible as it is moment-
ary only. Each substation must be able to accelerate one car
and supply another at full speed, or must give 850 amperes
momentary output and a sustained output of 500 amperes. The
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substation will therefore be called upon to deliver momentarily
510 k.w. and should contain not less than one 300 k.w. rotary con-
verter and preferably two, one being a reserve. This size of
converter is based upon the assumption that cars run always as
single units and not in trains,.and that converters can stand a
momentary overload of 100 per cent. With half-hour service
cars will be spaced 20 miles apart, so that there will be required a
generator capacity of two cars every 20 miles (double track) or
340 k.w. assuming 15 per cent. loss in rotary converter stbsta-
tions and transmission line. The generating station capzcity
per mile of track will therefore be 17 k.w., and the substation 46
k.w. with reserve, and 23 k.w. with no reserve. Taking the cost
of generating station in round numbers at $100 per k.w. and sub-
station at $35, the cost of a 40-ton car complete with four 110
h.p. motors, controllers, etc., at $9,000, we arrive at the following
approximate cost for installing: '

APPROXIMATE FirsT CosT PER MILE, SINGLE CarR TRAIN

Generating station ..................... ... 81,700 -

Substations with reserve ...... e .. 1,610

Equipment (plus 209, reserve)............ ... 1,120
. TOtal . e eeeeeeei e eaenn $4,430

The above total of $4,430 thus represents the approxi nate first
cost of the various items noted when operating a single 40-ton car
every half hour at 40 m.p.h. schedule speed and stopping 15
seconds once in four miles. Following through the same process
with two 40-ton cars operating on one hour headway at 40 m.p.h.
schedule with the same track and third rail construction, we

rrive at the following conclusions:

Watt-hours per tonmile ........... 63

Train energy at train (80 tons)...... 202 k.w.

Distance apart substations ......... 9.1 miles.

Size of substation ................. two 400 k.w. units.

Each train consisting of two 40-ton cars will consume 224 k.w.
at the substation, or 264 at the generating station, allowing the
same percentage of loss as above. These trains making the same
schedule speed at double the headway will be spaced 40 miles
apart and the generating capacity will therefore be 528 k.w.
every 40 miles, or 13.2 k.w. per mile. The substations consisting
of two 400 k.w. units (with reserve) every 9.1 miles will have
capacity per mile cf 88.0 k.w. Expense for cars will be thesame as
hefore and the following approximate costs obtain
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APPROXIMATE First Cost PER MiLE. Two-CArR TRrRAIN.

Generating station.......... e $1320
Substations.............. ... ... .. 3080
Equipments........... ... ... ... L. 1120

Total ... i i $5520

The first cost of the two-car train system will be $5,520 as
against $4,430 with single-car train. The energy consumed for
the two methods of operation is 17 k.w. per mile of track with
single car as against 13.2 k.w. per mile with two-car train. Thus,
while the two-car train at one hour headway will cost 24} per
cent. more to install (for the items mentioned only) it will con-
sume but 77.6 per cent. of the energy required to operate a single
car individually.

The difference in power required, is 3.8 k.w. permile of track.
Assuming 12 hours per day operation at the above headway, the
total k.w. hours per day will be 45.5, which at $.007 per k.w.
hour would be $116.50 per year, or 10 per cent. on $1.165. It
would therefore pay to invest the $1,090 per mile of track differ-
ence in cost between one car and two car operation, as found
above, provided the same receipts could be secured with one hour
headway as with 30-minute headway. The relation of traffic
receipts and frequency of travel is a question which can only be
determined experimentally, and while the desirability of the two-
car service seems evident from the data at hand in the above case,
it. might result in a falling off of receipts, to such an extent as to
more than make up the saving in operating expenses. There is
an additional saving in train-crew expenses which was not entered
into above, and which would amount to something more than half
as much as the cost of power. With two-car operation, it is
possible to reduce the motor capacity per car from four 110 h.p.
motors to four motors of approximately 95 h.p., thus reducing the
cost of the equipment item. Owing to the fact, however, that it
nught be desired to operate a single car during certain parts of

lie day, which would result in overheatinz the smaller motor
e urpment, it would be more conservative to consider the same
size of equipment whether one-car or two-car train were operated.
With more than two cars in a train, advantage could bz taken of
the smaller equipment required, but it is probable that in two-
car work this advantage of the smaller motor possible for two
cars would only result in the cooler operation of these motors
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when operated in two-car trains and would show up therefore in
the repair account rather than as a first cost. The substations
with two-car trains being placed somewhat closer together would
have a labor account per mile of track in excess of that for single
car operation. This may be balanced against the saving which
would result from smaller crew expenses of the two-car train.

These examples serve to illustrate the very broad applica-
tion of the foregoing curves. Although it has been necessary to
assume a number of constants, acceleration, braking, coasting,
etc., these constants are those pertaining to average operation
and can vary considerably without making a serious difference
in the results. The curves given are not therefore absolutely
correct, but are sufficiently so for approximation purposes. For
the slower speed work where stops are more frequent and where
acceleration is a more important factor, it will be necessary to
have more complete curves to determine the proper rate
of acceleration to use, especially if the problem is one calling for
very high schedule speeds in relation to the number of stops.

As previously stated, it is not necessary that friction curves
A, B and c should represent the actual friction in pounds per ton
of train two-car and single-car work. Having the motor capacity
and energy values for three different friction rates at a given
maximum speed, it is possible to interpolate and secure the
proper motor capacity and energy value for the friction value
corresponding to the case in hand. The importance of the wind-
friction as affecting electrical operation-at a very high speed in
service which has followed along the lines of very small
light trains of one or more cars, will probably lead to the con-
struction of special cars reducing wind-friction to a minimum
when the higher maximum speeds are put into commercial
operation. No conclusive data is at hand upon the elfect of
different shaped car-ends on single or two-car operation. When
such data becomes available and special cars are constructed.
their operation can be predicted from the foregoing curves bw
interpolation for the new friction values thus obtained.

The compilation of the above curves entailed a large amoun:
of careful work, and the writer is very much indebted to F. ;.
Gould for his very valuable assistance.
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STORAGE-BATTERY INDUSTRIAL LOCOMOTIVES.

BY FP. L. SESSIONS.

General treatment of subject of equipment of
industrial locomotives with storage-batteries.
Batteries employed as (1) the only source of en-
ergy supply; (2) as the main source of energy
supply; (3) as an auxiliary source of energy sup-
ply. Arrangements for charging. Relation of
energy storage and discharge capacities to loco-
motive duty. Data, tables and examples of
their use.

Among the various agents employed in handling material
about industrial plants, the electric storage-battery is taking a
position of prominence. The limits of its field of usefulness for
street and interurban railway service have been pretty thor-
oughly determined by costly experiment and the calculations of
competent engineers. It is probable that conclusions which
have been reached in such service have until recently been con-
sidered applicable to other services in which the storage-battery
might be used. The demands of recent industrial activity have,
however, caused engineers to give much attention to the handling
of material, and carefully to determine the energy and power
requirements of the problems involved. This has led to the
development of a great many devices and machines for reducing
the time and expense of handling material. The study of such
problems of different magnitudes has led the writer to the con-
clusion that the energy and power demands of many of them are
well within the range of electric storage-battery service, and the
results already achieved with storage-battery industrial loco-
motives have fully proved the conclusions reached.

Among the prominent advantages of these locomotives are
convenience, safety and economy. No other form of industrial
locomotive can compete with the storage-battery in the matter of
convenience. It can be operated at night when other sources of
power are cut off; it can be operated by an inexperienced person;
it is ready for operation the instant it is required; it can be used

-as an energy supply for running motors or furnishing light when-
109
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ever the usual power supply is cut off; it can be run over tempo-
rary tracks on wooden rails in special or emergency cases.

The storage-battery locomotive also excels in safety. Very
few establishments are so arranged that either the overhead
trolley or third-rail conductor would not be a source of incon-
venience or danger at some if not all paits of the system of tracks
necessary for the most convenicnt handling of material. Fre-
quent!y where it is permissible to employ either a trolley or third-
rail conductor over parts of the system, it is found prohibitive
in other parts where a locomotive would be of most value. This
is pa.rticula‘rly the case in shops where overhead cranes and

Fic. 1.

belting are used, and in buildings wherein inflammable materials
are handled or stored.

In the matter of economy it is probable that the storage-bat-
tery locomotive equals any other. Its average efficiency is as
high as that of any other, and although on high discharge rates the
battery efficiency may be low, the fact that when the locomotive
is idle no energy is being used compensates for the low efficiency
during high discharge periods.

While the storage-battery requires care and attention and may
be rendered unfit for service through improper treatment or
neglect, it is nevertheless true that any person of ordinary intelli-
gence can readily learn to care for and operate it successfully and
to cure its ordinary ills. Reduced to simple terms the require-
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ments for the successful maintenance of an electric storage-
battery are that the attendant perform a number of mechanical
operations each day or at stated times, and take readings from
certain instruments which are easier to learn to read than it is to
learn to tell time by the ordinary clock. If these readings differ
from prescribed figures, the attendant must perform other simple
mechanical operations which produce results in the battery
about which the attendant need have no knowledge, but which
restore the cells to their normal condition.

In this paper all statements and data which may depend upon
the type of storage-battery, refer only to the usual lead-lead
type, as that to date is the only successful electric storage-battery
available for use upon industrial locomotives.

In considering the equipment of a storage-battery locomotive,
the subject will be divided under the following heads: battenes,
motors, control and protection.

BATTERIES. .

In the eqmpment of a locomotive with a storage-battery, the
conditions. of service and work to be performed determine the
capacity of the battery to be used. Iii some instances a heavy
locomotive may best be provided with a small storage-battery,
while in others it may be best to equip a light locomotive with the
largest storage-battery possible. In general, a storage-battery
upon a locomotive is employed to ﬁll one of the three following
offices:

1. It may be employed as the only source of energy supply.

2. It may be employed as the main source of energy surply.

3. It may be employed as the auxiliary source of energy sup-
ply.

Batteries used for any one of these three purposes may be
arranged to be charged.

(a) While on the locomotive at a charging station.

(b) While on the locomotive operating on trolley or third rail

(¢) While removed from the locomotive.

A locomotive may be equipped with a storage-battery as its
only source of energy supply, when the duty is such that it can be
performed on a single charge, or when there are times in which
the battery may be charged on the locomotive at a charging
station, or when two or more sets of batteries are provided and a
fully-charged battery is placed on the locomotive whenever the
one in use becomes discharged.

A storage-battery may be employed as the main source of
energy supply, and a trolley or third-rail conductor used on por-
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tions of the track where excessive grades, sharp curves, heavy
loads or other conditions render the storage-battery inadequate.

As an auxiliary source of energy supply . a storage-battery may
be used on locomotives running partly within buildings or por-
tions of yards where safety, convenience or other reasons make a
trolley or third-rail conductor undesirable, but where on other
parts of the track the trolley or third-rail conductors are per-
missible and desirable.

It will readily be seen that an accurate knowledge of the condi-
tions of service and of the work to be performed is necessary
before determining what batterye-quipment to provide. In
determining the capacity of a storage-battery for any installa-
tion, the principal requirements are to provide a sufficient energy-
storage capacity, and one which can develop sufficient power for

Fic. 2.

the maximum demands. To move a given load a given dis-
tance will require the expenditure of the same amount of energy
whether the work is done in one minute or ten minutes; but to
move the load over the distance in one minute will require ten
times the power that is required to do the work in ten minutes.
For either case a storage-battery could have the same energy-
storage capacity, but in one case the battery should be capable of
delivering its energy tentimesas fast as is necessary in the other
case. Theamount of energy which a fully-charged storage-battery
candeliverdependsupontherate at which the batteryisdischarged.
If discharged at a low rate, its storage capacity isless than when
discharged at a high rate. If the rate of discharge is too high,
the battery deteriorates rapidly. In general, the one-hour rate
is the highest at which a battery should be regularly discharged,
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although for short periods a higher rate may occasionally be used.
In selecting a storage-battery for a locomotive, it is therefore
important that the maximum power required does not exceed
the one hour discharge rate, except momentarily as in starting
loads; and that the energy-storage capacity is great enough to
enable the locomotive to perform the duty required of it.

To facilitate calculations in the choice of a battery, a number of
tables have been prepared, based upon units which make their
use available for a wide range of problems and battery capacities.

Table I. gives the kilowatt-hours and draw-bar pull required
to move one ton one hundred feet under different friction loads
and on various grades at any speed. By multiplying the kilowatt-
hours of this table by sixty, we obtain the actual power in
kilowatts required to move one ton one hundred feet per minute.

Fic. 3.

With this table, we are, therefore, able to determine both the
energy-storage capacity and the kilowatts discharge rate neces-
sary for any given duty.

The solution of the following problem will illustrate some of
the uses of this table. A locomotive is required to haul 50 tons,
including its own weight, up a 2 per cent. grade against a fric-
tional resistance of 30 lbs. per ton a distance of 2,000 feet at a
speed of 400 feet per minute. It is required to know: (1) The
energy and (2) the power necessary.

The table gives .00264 k.w. hours to haul one ton up a 2 per
cent. grade when the frictional resistance is 30 lbs. per ton;
to haul 50 tons 2,000 feet will, therefore, require .00264 X 50 X 20
which equals 2.64 k.w.-hours of energy.

To obtain the power in kilowatts necessary to move one ton
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Kilowatt-hours and drawbar pull required to move one ton 100 feet under different
friction loads and on various grades at any speed.

!

Frictional resistance in pounds per ton on level track.

Grade.
50 40 35 30 25 20 15 10
Level. | .001885 ! .001516 | .001323( .001135| 000943 | .000758 | .000568 | .00037"
50 40 35 30 25 20 15 10
% .00226 .001885| .001696 | .001515| .001323 | .001135] .000943 0758
60 50 45 40 35 30 25 20
1% .00264 | .00226 | .00207 | .001885( .001696 | .001515| .001323| 001135
70 60 55 50 45 40 35
1% .00302 .00264 | .00245 | .00228 | .00207 | .001885| .001606 | .001515
80 70 65 60 &5 & 45 40
2% .0034¢ .00302 | .00282 | .00264 | .00245 | .00226 | .00207 001885
20 80 75 70 65 60 55 50
2% .00377 .0034 .00323 | .00302 | .00282 | .00264 | .00245 .00226
100 20 85 80 75 70 65 60
3% .00415 .00377 | .00358 | .0034 .00323 | .00302 | .00282 .00264
110 100 95 20 85 80 75 7
31% .00452 .00415 | .00396 | .00377 | .00358 | .0034 .00323 | .00302
120 110 105 100 95 20 85 80
4% .0049 .00452 | .00434 | .00415 | .00396 | .00377 | .C03568 | .0034
130 120 115 110 105 100 95 20
4% .00528 .0049 .00472 00452 { .00434 | .00415 | .00396 .00377
140 130 126 120 115 110 105 100
5% .00566 .00528 | .00509 9 .00472 | .00452 | .00434 | .00415
150 140 135 130 125 120 115 11¢
5% . 00804 .00366 | .00547 00528 | .00509 | .0049 .00472 | .00452
* 160 150 145 140 135 130 125 120
6% .0084 .00604 | .00585 00547 | .00528 | .00509 | . 0049
170 160 155 150 145 140 135 130

Multiply the constant by 60 to obtain kilowatts for one ton 100 feet ner minute.

Kilowatt-hours to move any load any distance,
K w.oh Constant x Tons x Hundreds of feet
w.-hrs. =

Locomotive Efficiency.

Kilowatts to move any load at any speed,
K.w.

Locomotive Efficiency

Constant x 60 x Tons x Hundreds of feet per minute
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one hundred feet a minute up a 2 per cent. grade with a frictional
1csistance of 30 lbs. per ton, the constant .00264 must be multi-
piied by 60 which gives .1584 k.w., and to haul 50 tons 400 feet
per minute against the same resisting forces will require .1584
X50X4 = 31.68 k.w.

The above calculations assume a locomotive efficiency of
100 per cent., which is impossible. If this efficiency is 70 per
cent. then the energy required is 2.64/.7 = 3.78 k.w.-hours, and
the power is 31.68/.7 = 45.25 k.w.

TABLE TII.
STORAGE BATTERIES.

Total Kilowatt-hours available and Kilowatts discharge rates for batteries of different
8-hour ratings.

Kilowatt-Hours.

Nominal

or8-Hr.

Rating. .

5 10 15 20 30 40 60 80 100
SHrs. 4.38 8.75 | 13.12 17.5 | 26.25] 35. | 52.8 | 70 87.5
4 " 4.05 8.1 12.15 16.2 24.3 32.4 48.8 64.8 81
3 " 3.75 7.5 11.25 15 22.5 30 45 60 78
2" 3.25 8.5 9.75 13 19.5 | 26 39 52 a5
1" 2.75 5.5 8.25 11 16.5 22 33 44 88
Kilowatts.

Nominal

or8-Hr.

Rate.

.63 1.26 1.88 2.5 3.76] 5 7.8 10 12.5

S5Hrx. .88 1.76 2.63 3.82| 5.25| 7 10.5 14 17.8
4 - 1.01 2.03 3.04 4.05| 6.08) 8.1 12.15} 16.2 | 20.3
3 - 1.25 2.5 3.75 5 7.5 | 10 15 20 25
2 * 1.63 3.25 4.88 6.5 9.756| 13 18.5 | 26 32.8
1 2.75 5.5 8.25 | 11 16.5 | 22 33 44 88

A battery capable of discharging 45.25 k.w. on a one-hour dis-
charge rate has a storage capacity of 82.3 k.w.-hours on an 8-hour
discharge rate, as determined from the data given in Table II.
Such a battery would be capable of operating under such a load
continuously for one hour on one charge, as its storage capacity
on a one-hour discharge rate is 45.25 k.w.-hours.

Table II. gives the total kilowatt-hours available and the
kilowatts discharge rates of batteries of different nominal, 8-
hour ratings. The corresponding quantities for a battery of any
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other capacity may be obtained by multiplying those for a 100-
k.w.-hour battery by the relative capacity of the battery desired.

Table III. gives the total tons load that can be hauled by a
100-k.w.-hour storage-battery on various grades and with differ-
ent fricticnal resistances at 100 feet per minute when the loco-
motive efficiency is 100 per cent. From this table may be com-
puted the total ton-loads that any battery can haul at any speed.
For example, let it be required to determine what load a 40-k.w.-
hour battery can haul on a 24 per cent. grade at a speed of 150
feet per minute when the frictional resistance is 30 lbs. per ton.
In Table III. under 30 Ilbs. frictional resistance and 2% per cent.
grade is given 304 tons as the total load that can be hauled by a
100-k.w.-hour battery at 100 feet per minute. A 40-k.w. battery
can, therefore, haul 304X 40/100X100/150 = 81.2 tons, unler
the conditions assumed in the problem. If the locomotive
efficiency is 70 per cent., it will be able to haul 81.2X.70 = 56.84
tons, including its own weight and that of the battery.

Table IV. gives the kilowatts for hauling 100 tons 100 feet
per minute on various grades and with different frictional resist-
ances. From this table may be computed the kilowatts for
hauling any load at any speed. For example, let it be required
to determine the capacity of a battery for hauling a total of 50
tons at 250 feet per minute on a 1 per cent. grade when the
frictional resistance is 25 lbs. per ton. In Table IV. under 25
1bs. frictional resistance and 1 per cent. grade is given 10.2 k.w.
for hauling 100 tons 100 feet per minute. To haul 50 tons at
200 feet per minute will, therefore, require 10.2X50/100X
250/100 = 12.75 k.w. If the locomotive efficiency is 70 per
cent., a storage-battery for such a duty should have a discharge
capacity of 12.75/.7 = 18.21 k.w.

Table II. may be used to determine the nominal k.w.-hour
rating of a battery having a discharge capacity of 18.21 k.w. In
this table a 100-k.w.-hour battery is seen to be capable of dis-
charging 55 k.w. for one hour. The k.w.-hour rating of a battery
capable of discharging 18.21 k.w. for one hour will be propor-
tional to that of the 100-k.w.-hour battery, or the battery
required will have a nominal storage capacity of 18.21/55X 100
=33.1 k.w.-hours.

The foregoing problems are given as illustrations of the ways
in which these data tables can be used in connection with
storage-battery locomotive haulage. They will be found useful,
-also, in determining the motor capacity for locomotives, and
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TABLRE III.
STORAGE-BATTERY HauLAGE

‘T'otal loa-ds in Tons that can be hauled by a 170 Kilowatt-hour Storage-Battery 100
feet per minuv when the Locomotive Efficiency is 100% .

bi Friction Loads in Lbs. per Ton.
is-
Crale. charze
Rate
50 40 35 30 25 20 15 10
Level 1 Hr. 488 605 973 | 1210 | 1618
2 " 288 358 410 478 575 718 7 1430
3 - 222 276 315 368 444 553 735 | 1104
4 " 179 223 255 297 358 446 583 890
5 * 155 193 222 258 310 386 514 770
8 * 111 138 158 184 222 276 368 554
% 1 Hr. 405 488 540 605 690 973 | 1210
2~ 240 320 358 410 478 575 718
3 “ 1 222 246 315 444
4 " 149 179 199 223 255 297 358 446
5 129 156 173 193 222 2. 310 386
8 « 93 111 124 138 158 184 222 276
1% 1 Hr 348 4C5 443 488 540 605 690 808
2 “ 240 263 320 410 478
3 “ 159 1 202 222 246 276 315 388
4 " 128 149 163 179 199 223 255 297
5« 111 129 141 155 173 193 222 258
8 93 101 111 124 138 158 184
1% 1 Hr. 348 375 405 443 488 540 605
2 " 180 221 240 262 320 358
3 * 138 159 171 1 202 222 246 276
‘14 ¢ 112 128 138 149 163 179 199 223
5 97 111 119 129 141 1 173 193
8 G9 79 85 93 101 111 124 138
2% 1 Br 270 204 325 348 375 405 443 448
2« 1 1R0 192 2 221 240 262 288
3 “ 123 3 148 159 171 185 202
4 100 112 120 128 138 149 163 17¢
5 “ 97 104 111 119 129 141 1
8 62 69 74 85 23 101 111
2% 1 Hr 243 270 284 304 325 348 37 405
2 " 143 160 1C8 180 192 221 240
3 “ 111 123 144 138 148 159 171 185
4 * 90 100 1 112 120 128 138 149
5 77 94 97 104 111 119 12
8 56 62 65 69 74 7 85
3% 1 Hr. 220 243 257 270 284 304 325 348
2 " 131 143 152 160 168 180 192 206
3 101 111 117 123 144 138 148 150
4 81 20 94 100 104 112 120 128
5 - 71 77 82 94 97 104 111
8 51 56 5 62 65 69 74 79
8}% 1 Hr 203 220 [ 2 243 257 270 | 284
2 ¢ 120 131 147 143 152 160 168 180
3 * 22 101 106 111 117 123 144 1
4 75 81 85 20 94 100 104 112
5 " 65 71 74 77 82 04 97
8 47 51 53 56 58 62 65 €9
4% 1 Hr. 188 03 212 220 231 243 257 270
2 ¢ 111 120 125 131 137 143 152 160
3« 85 92 96 101 106 111 117 123
4 A9 75 78 81 85 20 04 100
5 60 65 6] 71 74 77 g2 86
] “ 43 47 48 51 53 56 58 62
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generator capacity necessary for operating locomotives upon
trolleys or third-rail systems. On account of the efficiency of
locomotives varying with many conditions, the data tables have
been based upon that efficiency being 100 per cent.

Tables I., ITI. and IV. show clearly the advantage of reducing
the frictional resistance of the train as much as possible. In
most industrial plants the tracks can be made practically level
and as friction forms a greater part of the load which the locomo-
tive has to haul, the battery capacity necessary depends upon

TABLE IV.
Haurace DaTta.

Kilowatts required to move 100 Tons 100 feet per minute under different friction loads
and on varivus grades when the Locomotive Efficiency ie 100%,.

Frictional resistance in pounds per ton on level track.
Grade.
50 40 35 30 25 20 15 10

Level 11.3 9.1 7.9 6.8 5.7 4.6 3.4 2.3

1% | 13.8 11.3 10.2 9.1 | 7.9 8.8 5.7 4.0
1% 15.9 13.8 12.5 11.3 10.2 9.1 7.9 . 6.8
13% 18.1 15.9 14.7 13.6 12.8 11.3 10.2 91
2% 20.4 18.1 17.0 15.9 14.7 13.6 12.5 13
2% 22.6 20.4 19.4 18.1 17 15.9 14.7 13.6
3% 24.9 22.6 21.5 20.4 19.4 181 17 15.9
3% 27.2 24.9 23.8 22.6 21.5 20.4 19.4 18.1
4% 29.4 27.2 26 24.9 23.8 22.6 21.5 20.4
4% 31.8 29.4 28.3 27.2 26 24.9 23.8 22.6
5% 34 31.8 30.5 29.4 28.3 27.2 26 24.9
5% 36.3 34 32.9 31.8 30.5 20.4 28.3 2.3
6% 8.5 36.3 35.2 34 32.9 31.8 30.5 20 4

the frictional resistance ot the train. Every means which tends
to reduce this item of energy consumption adds rapidly to the
radius of action of the locomotive and to the efficiency of the
haulage system.

Table V gives the kilowatt-hours required to charge a bat-
tery to move one ton 100 feet, when discharging at various
rates and hauling trains against various friction loads and
grades, the energy efficiency of battery on eight-hour discharge
rate being 75% and the locomotive efficiency being 100%,.
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TABLE V.

Kilowatt-hours required to charge a battery to move one ton 100 feet, when discharging
at various ratex and hanling trains against various friction loads and grades, the encrgy
;&eﬁemy of buttery vn 8-hour discharge rate being 75% and the locomotive efficiency being

Friction Load in Lbs. per ton.

20 | 15 10

I : | I
Hr.| .004570( .003670, .003210 .002755 .002285, .001%40 .001290 .000919
‘| .003865| .003110° .002715 .002325 .001935 .001556 .001092 .000777
| .003350| .002695 .002355 .002020 .001680 .001350 .000947 .000674
* | .003100! .002495 .002180 .001870 .001552 .001250'.000877 .000024
* | 002875, .002310 .002018 .001730 .001437, 001157'.00086% .000577
| .002512, .002020 .001765 .001513 .0012565 .001011 .000758..000505

.004115 .003670. .003210| .002755 .002285|.001840
.003480 .003110! .002715| .002325 .001935|.001556

.002495| .002180 .001870 .001552/.001250
.002310! 002018/ .001730 .001437/.001157
.002020 .001765; .001513,.001256|.001011
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From this table the cost of haulage by storage-battery loco-
motives undex the given conditions can be approximately
determined. As the energy efficiency and storage capacity
vary with different conditions of electrolyte and with the cycle
of voltage through which the battery is charged and discharged
this table cannot be considered accurate for all cases. A com-
plete review of each individual caseis necessary for determining
the exact energy input of a battery for a given duty.
MoTors.

The motors for storage-battery locomotives should be series
wound and properly proportioned and geared for the duty of the
locomotive. The essential requirements of these motors have to
do chiefly with control and will be discussed further under that

subject.
CoNTROL.

Industrial locomotives may be divided into three classes; viz.,
those used for hauling other cars; those in which the load is car-
ried upon the locomotive, and those used for both carrying and
hauling. In the case of a locomotive used only for hauling other
cars, the maximum tractive effort which it can exert dependsupon
the material and condition of the wheels and rails, but with either
of the other two classes mentioned the maximum tractive effort
depends upon the load carried by the locomotive.

The best method of control for an electric storage-battery
locomotive, like the equipment, depends also upon the duty and
kind of service the locomotive has to render. Insome instances it
is necessary toequip thelocomotive with every appliance for charg-
ing the batteries as well as for controlling the speed, while in
others the charging apparatus may be installed at a charging sta-
tion and the locomotive equipped with means for speed con-
trol only.

Speed control may be effected by grouping the battery cells;
by use of a variable resistance, or by a combination of cell
grouping and variable resistance. When two or more motors
are used, variation in speed may be had by series and parallel
connections of the motors.

The character of storage-batteries renders it unwise to charge
or discharge them more rapidly than at a given safe rate, or
beyond a given cell terminal voltage. This makes it necessary
to provide circuit-breakers or other protective devices to prevent
these limits being exceeded. In some instances the motors and
battery have been designed so that when the battery is deliver-



1903.] SESSIONS: STORAGE-BATTERY LOCOMOTIVES. 121

ing its maximum safe current, the drive-wheels will be almost on
the pointof slipping; and any greater current causes the wheels
to slip, thus relieving the motors and battery. Such an equip-
ment, if at all desirable,can be safely used upon locomotives
employed for hauling only, and where the battery and motors
are correctly proportioned and grouped for such results. Loco-
motives equipped with batteries as an auxiliary source of
energy supply can seldom carry sufficient battery capacity for
slipping the drivers, and those locornotives used for carrying
have such a variable maximum tractive effort that protection
by wheel-slippage is out of the question. For a general equip-
ment, then, it seems best to employ an overload and voltage-
limit circuit-breaker for discharging the battery and an overload
and underload circuit-breaker for charging it.

For uniform life all of the battery cells should be worked alike.
To accomplish this, the number of cells in series must be con-
tinually halved to make the various groupings. By using a
maximum of four groups, three speeds may be had without
altering the motor connections, and by connecting the motors
in series and parallel a fourth speed is possible. With two
motors in parallel and three battery groupings.the relative speeds
are: %, 4 and 1, corresponding respectively to battery grouping
of four groups in parallel, two groups in parallel and two in series,
and all four groups in series. By throwing the motors in series
and four groups of cells in parallel, a relative speed of % is ob-
tained. ’

A very satisfactory arrangement is one in which the motors
are connected permanently in parallel, the battery is divided
into four groups and a variable resistance is used in grading each
of the three speeds available by battery grouping. Without a
variable resistance for grading the starting effect, the gears,
motors and battery all receive severe strains when the terminal
voltage is suddenly doubled.

In determining the best equipment to use, two classes of
service are frequently presented. In one class the locomotive is
called upon to exert a large effort at a slow speed or a small
effort at a higher speed. In the other class, the effort of the loco-
motive is practically the same at all speeds. In the first class the
total current capacity of the two motors in parallel and the cells
in four groups should be equal. With the motors and batteries
thus connected, the maximum effort would be obtained and at
each successive grouping of the cells a lesser effort at a pro-

-
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portionately higher speed would be had. In the secondclass the
batteries connected all in series should have a current capacity
equal to that of the two motors in parallel. With this arrange-
ment the maximum effort would be obtained at the maximum
speed and with otner groupings of the cells the same effort at
lesser speed wouird be possible. For the same maximum effort
the motors and battery in the first class inay be only one fourth
the capacity of those in the second class.

The illustrations, Figs. 1, 2 and 3, are views of different
storage-battery locomotives at work. The locomotive shown
in Fig. 1 is arranged so that the battery may be charged
and the locomotive operated at the same time by current col-
lected by the trolley. Over portions of the track a trolley
wire is not permissible and upon such portions the battery is used
for operating the locomotive. Ordinarily, the battery is charged
only while operating on the trolley line. The batteries are con-
nected permanently in series and speed-control is effected by
variable resistance as in ordinary street railway service. A
separate charging resistance and switch is provided.

Tlie locomotive shown in Fiz. 2 is equipped with a 20-k.w.
storage-battery as its only source of energy supply. It is so
arranged that the same resistance and controller that are em-
ployed for speed-control are also used for charging the battery.
Charging plugs are placed at convenient points and the locomo-
tive service is so arranged that after ten hours’ operation the
battery still has 65 per cent. of a full charge available. The
batteries are connected permanently in series. The locomotive
and battery together wcigh 74 tons.

The illustration in Fig. 3 is of a 12-ton, double-truck loco-
motive equipped with a 25-k.w.-hour battery. Each truck has
both its axles driven by a single motor through flexible connecting
links. The batteries are connected in four groups,and speed-
control is effected by battery grouping only. A separate charg-
ing switch and resistance are employed, and charging is done at
stations provided for the purpose.

From results obtained through both calculation and experience
it appears that the electric storage-battery when properly de-
signed for its duties can be employed with greater advantages
and economy than any other known form of energy storage
supply for industrial locomotives. It is probable that somewhat
special elements will be required as it seems impossible to secure
the necessary life and strength for the plates without making
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them especially heavy. -This is not ordinarily a disadvantage
with industrial locomotives as the weight is necessary for traction.
As in all other problems in which energy and power have to be
considered, the results obtained with storage-batteries will be
exactly those for which provision has been made.
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Discussion.

Mr. Epcar H. Berry:—I concur fully in the opinion ex-
pressed by the author as to the special suitability of the storage-
‘battery for use on industrial locomotives. Its convenience,
safety and ease of maintenance have been so clearly explained
that comment on these points seems unnecessary. I wish, how-
ever. totakeexception to the statement on page 968, which implies
a very material reduction in the battery efficiency when discharg-
ing at a high rate. As a matter of fact, a storage-battery main-
tains its efficiency very well over a considerable range of loads.
I will have occasion to refer to this further in connection with
one of the tables presented in the paper.

Durability and depreciation have not been touched upon at
all. Unfortunately, or perhaps I should take the point of view
of the user and say fortunately, I am not able to say how long it
takes to wear one of these locomotives out. The oldest one I
know of has been in constant operation for over four years, and
the original battery-plates are still doing their full duty. In
his book on storage-batteries, Mr. E. J. Wade figures the depre-
ciation on stationary cells by assuming a life of three to six years
for positive plates, and of five to ten years for negative plates.
Judging from the case I have in mind, a good battery of the type
usually employed for stationary work will not suffer any reduc-
tion in its useful life when used on an industrial locomotive.
Even when the plates reach a point at which it will be economical
to replace them, the balance of the locomotive should still be
perfectly serviceable for a further indefinite period.

An arrangement is mentioned on page 980 for charging from a
trolley or third rail while the locomotive is in use. If this has
proved successful it would be very interesting if we could hear
just how it was done. Unless the feeders were large enough to
keep the voltage at the locomotive practically constant, it would
seem as if the charging current would fluctuate between unde-
sirably wide limits. The current does not varyv directly as the
impressed voltage, but approximately as the difference between
this voltage and the voltage of the battery. I have taken read-
ings during a charge that have shown a change of over 13 per
cent. in the current for a change of 1 per cent. in the voltage.
The battery in question consisted of 44 cells, the normal charging
rate being 20 amperes. At a certain state of the charge 105.5
volts were needed to maintain the normal rate, but an increase
of four volts, making a total of 109.5 gave a current of 30 am-
peres. A jump of four volts on a 110-volt trolley circuit would
be nothing unusual, but a charging current of one and one-half
times the normal would be highly undesirable near the end of
the charge, when it would cause wasteful gassing, and probably
injurious heating.

To ensure the selection of a suitable battery it would seem
necessary to add one more condition to those given at the top of
page971. This additional requirement to be worded ‘“and that
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the permissible charging rate be high enough to permit of charg-
ing in the time available for that purpose.” This is highly
mmportant, for if the battery is worked at the one-hour rate,
which is usually about four times the normal charging rate, the
charging time must be four times as long as the discharging time,
or four hours. If this is not available, a larger battery, or two
sets of battery, must be employed. In many cases the larger
battery would give a cheaper, simpler and more desirable solu-
tion. Of course if the service is very heavy an extra removablle
battery may become absolutely essential.

Passing now to the tables, I find a slight discrepancy between
Table I. and the example given to illustrate its use. If the
figures in the table are intended to apply to the total load, in-
cluding the locomotive, the latter is charged with the same
friction loss as the cars, and then in addition it is afterwards
charged with its own efficiency loss. By adding one more
column to the table, giving the kilowatt-hours needed to move
one ton 100 feet up the various grades with a friction of zero
pounds per ton, it would be possible to determine separately the
work of lifting the locomotive, and of hauling the cars. The sum
of these two, divided by the efficiency of the locomotive would
give the true result. Under the efficiency I understand the
ratio between the energy effective at the wheels, and the energy
developed at the battery terminals.

Assuming the coefficient of traction to be one fifth, the error
in the table as it now stands runs from two and one-half per cent.
at a friction loss of 10 pounds per ton, to twelve and one-half per
cent. at 50 pounds per ton. It is, however, all on the safe side.

Of course I do not know what make of battery was used as a
basis for Table II., but the discharge and capacity at the higher
rates seem too large. For instance, the one-hour rate in amperes
is usually taken at four times the eight-hour rate, making the
output in ampere-hours for a one-hour discharge, one half of that
for an eight-hour discharge. But the extra I? R loss at the
higher rate cuts down the voltage, and consequently the watt-
hours. Their value for a one-hour rate should therefore be less
than 50 per cent. of the value for an eight-hour rate. The table
gives 55 per cent., making the kilowatt-hours for the one-hour
rate over 10 per cent. higher than the figures I have been in the
habit of using.

In connection with Tables III. and IV., mention is made on
page 974 of theimportance of cutting down the friction loss of the
cars as much as possible To emphasize this I may point out
that poor bearings in the cars may easily halve the load which a
locomotive can haul on a level track. Or, putting it in another
way, they may necessitate the use of two locomotives instead of
one.

Table V. has puzzled me somewhat, but in talking it over
with Mr. Sessions this morning I fiad that he bases it on an
assumption which seems to me to be very unfair to the locomo-
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tive. If we accept this table we must admit that at a high
discharge rate a battery is completely discharged at the end of
thie number of hours corresponding to that rate. This of course
is not a fact, for when a battery has reached the point at which it
can no longer maintain the high rate of discharge, it can still
discharge for a further period at a lower rate; the sum of the
watt-hours at the different rates, being equal to the watt-hours
used in charging, less the unavoidable loss due to a transforma-
tion of energy. If the discharge is stopped when the high rate
can no longer be maintained, it is only necessary to put back as
many watt-hours as were taken out, plus the transformation
loss. Just what this loss is at different discharge rates I am not
prepared to say, and I do not know that any definite data in
regard to this point have ever been published. Perhaps our
committce on engineering data can unearth some information
about it. Butin any event I feel safe in saying that the efficiency
at a one-hour rate is nearer to 70 per cent. than to 41 per cent.,
which is the figure used in the table.

Up to this point all the calculations have been made in kilo-
watts and in kilowatt-hours, the exact current and voltage being
immaterial as long as their product had a suitable value. But
now in selecting a specific motor and suitable gears the battery
voltage becomes important and this in turn should preferably
be such that it will be possible to charge directly from some
available source of supply. Furthermore, it is highly desirable
to use standard commercial sizes of batteries and motors, and
these must be so chosen that the combination fits the original
assumptions as closely as possible. Exact agreement could of
course only occur by chance, and I have found it most desirable
to selecta gear-ratio which will fit the ampere-torque-curve of the
motor, and to allow the speed at a given load to differ slightly
from the original assumed value, according to the degree of
accuracy with which the battery and motor actually employed
approximate to their calculated sizes.

The use of a resistance for controlling the speed does not seem
justifiable on a storage-battery locomotive. Aside from the
actual waste of power in the resistance, extra time is needed for
charging, and the battery capacity is virtually reduced. Even
when only a single motor is employed, two groups of cells and a
split series-field give four speeds, which seem to be ample to meet
all requirements. The split-field is arranged so that the two
halves can be thrown in series or in parallel with each other.
With two motors the possible combinations are further increased
as the motors themselves can be connected in series and parallel
arrangements.

If the resistance is used for starting only, the power wasted in
it may of course be negligible, but with an ignorant or thoughtless
operator the loss may assume larger proportions. The term
** fool-proof "’ was unknown before electricity came into general
use, but the public having once discovered that apparatus can be
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so built, immediately uses it on the assumption that it ¢s so built,
and the locomotive designer has no choice but to fall in line.

Another safeguard against abuse is pointed out at the bottom
of page 978. The locomotive can be so proportioned that the
wheels will slip before either the motor or the battery is seriously
overloaded. This arrangement has proved highly satisfactory
in actual use, and it seems to be the best and simplest method of
protection that can be devised. It provides a safety-valve that
cannot get out of adjustment, and that cannot be tampered with
in any way short of piling dead weight on the locomotive.

A question may be raised as to the desirability of a voltage-
limit circuit-breaker. This, I take it, is to open the circuit when
the battery voltage falls below the allowable limit, thus calling
attention to the necessity for an immediate recharge. Suppose,
now, that this opens when the locomotive is some distance from
the charging station. To get back,the locomotive must eitl:er
be hauled, or else the circuit-breaker must be held in. Tke
average operator I think will choose the latter method. But
running a locomotive while holding in a circuit-breaker is not
convenient, and the obvious remedy is to tie in the arm. This
leads easily to the next step of having the arm tied in continually,
when the locomotive will be in the dangerous situation of being
supposedly protected by a device which actually is inoperative.
On the other hand it is a simple matter to make the operator
understand that he must recharge as soon as the voltmeter
needle falls to a certain point.

An underload and overload circuit-breaker in the charging
circuit seems to be very desirable, but it must not be forgotten
that the underload release may fail to protect if the voltage of
the charging line fluctuates. A very slight increase in the line
voltage may continuously maintain the current above the point
at which the underload release operates. If, however, the condi-
tions are such that the line voltage is constant, the underload
release affords an excellent protection.

In speaking of a locomotive called upon for a large effort at a
low speed, and for a smaller effort at a higher speed, the paper
suggests connecting the cells in four parallel groups for the first
case, and connecting them all in series for the second case. I
would like to inquire what safeguard is provided to prevent the
operator from throwing all the cells in series, even when the
higher effort is required. This would take four times the per-
missible current from the battery, but would mot overload the
motor, and therefore would neither slip the wheels, nor open the
circuit-breaker.

The employment of extra heavy battery-plates, which is men-
tioned at the close of the paper as a possible necessity has many
disadvantages, and in the light of past experience it hardly seems
called for. The additional expense of special plates would add
materially to the cost of the locomotive, and the advantages to
be derived are open to serious question. I would not recommend
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the use of a light-vehicle battery on a locomotive, but the type
ordinarily used for stationary work seems to possess ample
strength. If more weight is necessary to give adhesion, pig iron
will be just as serviceable as battery plates costing 30 to 40 cents
per pound. Or if dead weight is to be eliminated at all costs, a
larger battery might be employed, giving more reserve capacity,
and requiring less time for a normal charge.

While weight is of course necessary to give adhesion, it is well
to bear in mind that even a heavy locomotive may be deficient
in hauling power unless all, or practically all the weight is on the
drivers. All other weight in the locomotive means a correspond-
ing reduction in the load that can be hauled. Assume for exam-
ple a ten ton locomotive, in which all the wheels are drivers, and
which can just haul a load of ten tons up a certain hill without
slipping the wheels. If only half the weight of this locomotive
lwelc-;, on the drivers, it could just climb the hill alone, without

oad.

In conclusion, I wish to express my appreciation of the paper
before us. Industrial locomotives are new, comparatively
speaking, and I believe that the present paper is the first one on
this subject to be presented before this INsTiTUTE. If such a
pioneer paper possesses any interest at all it is bound to start a
discussion in which differences of opinion will be in evidence. I
have endeavored-to show my interest in the paper by finding as
much fault as possible, and I trust that some of the other members
will show their interest in the discussion in the same way.

MR. SessioNs:—In reply to the question of protection by
circuit-breaker when the batteries are connected in either series
or parallel, I would say that the circuit-breaker, if especially
adapted for the work, will open so as to protect the batteries
when the locomotive develops a smaller effort at higher speed.
The circuit-breaker for this purpose may appear complicated at
first glance, but it differs from the ordinary overload circuit-
breaker only in necessitating several wires running to it instead
of the ordinary two. The tripping-magnet is wound in as many
sections as there are groups of cells and each group of cells is
connected in series with one of these sections. Thesections of the
tripping-magnet coil, therefore. are in series or parallel in the
same way that the cells are. and for the same current drawn from
one group of cells the ampere-turns upon the tripping-magnet are
always the same.

I should like to take up further some of the points touched on
by Mr. Berry. I admit that the example illustrating Table I.
is not accurately solved and that it errs exactly as Mr. Berry
states, but an error of 24 per cent. is hardly worth calculating for
the general run of storage-battery problems, and a slight allow-
ance in the locomotive efficiency will compensate the inaccuracy.
As yet the refinements of the art are not such as to demand calcu-
lations within that limit. Table I., itself, is absolutely correct
and will be found very convenient,
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With regard to the charging rate for storage-batteries, and
also with regard to Table Il.. in which the one-hour discharge
capacity is given as 55 per cent. of that for eight hours, it is a fact
that both of these features depend radically upon the method of
forming the plates and I must maintain that the figure is accurate
for batteries suitable for industrial locomotives. Certain forma-
tions of plates will not stand the high discharge that others will.

As to the efficiency of the storage-battery locomotive, I wish
to take a stand for conservatism in this respect—perhaps there is
a slight ambiguity in assuming that a battery is entirely dis-
charged at any one rate, at a high rate especially, but such an
assumption is necessary where the locomotive duty is unknown.
In Table V. I have assumed that the battery is fully charged
when starting to discharge, and that it is discharged to the safe
limit without any time given for recuperation. I have stated in
reference to Table V ,

‘* As the energy efficiency and storage capacity vary with
different conditions of electrolyte and with the cycle of
voltage through which the battery is charged and discharged,
this table cannot be considered accurate for all cases.”

In each case where the battery of a locomotive is to be charged
and discharged in repeated cycles, it will be necessary to review
an entire day’s work in order to get a complete and accurate lot
of data for determining the energy required for that locomotive.

The use of resistance for starting and controlling storage-
battery locomotives has proved to be a very satisfactory arrange-
ment, and the energy losses in the resistance are not considerable
enough ordinarily to be an objection, when consideration is given
to the cost of maintenance and the severe strains put upon
various members when the motor terminal-voltage is instantly
doubled.

As to charging the battery while the line is supplying current
for operating the locomotive, I will say that this has been proved
highly successful and economical in several instances. It is
probable that a battery does not have so long a life when it is
thus used, as there is a temptation always to charge at a high
rate, but, as our compressed air friends would say, * efficiency
is not alone the ratio of the energy output to the energy input.”
It depends upon the results in the work for which the battery is
designed.

MRr. ELmer A. SpErrY:—I would like to call attention
to the rapidly growing demand for locomotives of this nature,
the nature described in this paper. I believe that they are
going to fill a want that has been attempted on the part of
our compressed air friends. Two or three years ago I was called
upon to make some comparative tests of locomotives of this
nature and those operated by compressed air, and, in conformity
with the last remark of Mr. Sessions, it would seem that our com-

essed air friends are not strong in the matter of efficiency.
‘That is, they do not rely very materially on thi: factor. The



130 ELECTRIC RAILWAYS. [June 30

results of calculations that were made at the time to which I
refer might be interesting to you, as pointing not only to the
matter of efliciency but also as comparing the weights necessary
to be carried in the two instances to do the same work. We
usually think the storage-battery, being made of lead, is an ex-
tremely heavy. and cumbersome affair to carry the energy that
it is enabled to develop and supply. Now, as a matter of fact,
the compressed air, when re-heated—-not taking into consideration
the weight of the re-heating apparatus—but simply considering
the weight of the compressed air drum, and in this instance, as I
remember it, the pressure of the air was something like 3700
pounds to the square inch—we found that the amount of energy
capable of being supplied per ton of compressed air, together
with its tank, as compared with the ton of storage-battery all
told, was in the neighborhood of 23} per cent. only, in the case of
compressed air, less than one quarter. And, as over against this
consideration, we have another. That is, the compressed air
factor is running down as it is exhausted. For instance, when
the compressed air is half exhausted, the pressure is half gone;
when three quarters exhausted, the pressure is only one quarter
of the initial pressure; whereas, in the case of the storage-battery,
the curve is almost ideal. The battery, when we have exhausted
it one half is still almost at the same pressure as when we started:
when exhausted three quarters it is still nearly the same, the
curve, as you remember, being almost horizontal. I think, as I
said before, that there is a gradually widening field for the
storage-battery car.

[CoMMUNICATED AFTER ADjOURNMENT BY EDpGAR H. BERRY.]

The writer has taken up the question of battery efficiencies at
different discharge rates with a well-known company which has
had a wide experience in the manufacture and maintenance of
storage-batteries, and whose records contain a considerable fund
of information in regard to the actual performance of its cells.

This company states that ‘‘ assuming the efficiency of 75 per
cent. for the 8-hour charge and discharge rates to be correct, the
amount of energy required to recharge after a discharge at the 5,
3,or 1-hour rate, would be exactly proportionate to the amount
taken out—so long as the charging was done at the normal rate.”

On this basis all the figures in Table V., excepting those apply-
ing to the 8-hour rate, should be eliminated, and the figures for
the 8-hour rate should be taken as applying to the 8-hour, 1-hour
and all intermediate rates.

The writer does not for a moment wish to advocate the delib-
erate selection of a high discharge rate. but he does insist that
the objections to such a course do not arise from an increase in
the watt-hours per unit of work, necessary for charging. The
penalties imposed by a high discharge rate are similar to those
incurred when any piece of apparatus is worked very near its
ultimate limit of endurance. A high discharge rate means a low
factor of safety for carrying an overload, a very low reserve
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storage capacity, and a considerable increase in the risk of
injury to the plates when handled by unskilled persons. These
are the considerations that must be set against the increased
cost of the larger battery in determining the proper size to give
the highest ultimate commercial efficiency.

[CoMMUNICATED AFTER ADJOURNMENT BY F.L. SEssions.]

In commenting upon Mr. Berry’s supplementary note, I
would say that I desire to give the storage-battery credit for
whatever efficiency it may have. Table V. is correct as it stands
for the conditions assumed. Mr. Berry seems to overlook those
conditions, and to distort the data given by assuming other
conditions for the sake of giving the storage-battery a better face.
It is difficult in compiling data to choose that which will be
convenient for every case, and that which is not applicable
should, of course, not be used.

The statement of a battery manufacturer, which Mr. Berry
quotes, is probably correct for the conditions assumed. In this
connection I would say that I should be moure than delighted to
learn the name of any battery manufacturer who will guarantee
either efficiency or capacity, or assume any responsibility for his
products after they leave his factory.
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[DiscussioNn oN PAPER BY F. W. CARTER.]

Mr. C. O. MarLoux:—This paper is not so abstruse as it
looks. The equations appear somewhat formidable and imposing
but in reality they present no great difficulty. The method is
assumed to be an analytical method. but there are some state-
ments, on the first page, in reference to the ‘‘ graphical ’ or the
point-to-point method of construction, which make it desirable
that I should begin the discussion by considering the point-to-
point method. At the last annual meeting I read a paper entit-
led, *“ Some Notes on the Plotting of Speed-Time Curves,” in
which I described a graphical point-to-point method. I had
intended to present, this year, at this meeting, another paper,
giving an analytical method, which was hinted at in the discus-
sion at Great Barrington (see A.I.E.E. TraNsAacTIONS, Vol. XIX.,
p- 1018), but lack of time prevented me from doing so.

I want to say something in support of the point-to-point *
method presented in my paper. It is a method which involves
no assumptions except that the rate of retardation is assumed
constant in braking. We still have to make that assumption
because we have no very definite knowledge as to the nature of
the braking curve; but with that exception the method is inde-
pendent of any assumptions. All the data necessary for use
with this method can be obtained from motor tests and from
experiments; and once the fundamental curves, which I showed
on the “ chart of coefficients,” (Fig. 9 of my paper) have been
plotted, it is possible to plot the speed-time curves for any set of
conditions whatever, with any desired degree of accuracy, and
with little difficulty.

Mr. Carter’s method, as presented, cannot presume to be more
than a method of approximation, and consequently it does not
altogether supplant or replace the methods described in my
Ppaper.

Singularly enough, the author, himself comes rather close, in
some details, to my method; for his Fig. 9, on the last page of the
paper, is substantially identical with Fig. 9 of my paper: The
solid-line curve in Fig. 9, is one which gives gross tractive efforts
as a function of the speed. The author uses the ordinates for
tractive efforts per motor, in pounds. The absciss® indicate
speeds. In my paper, I also use absciss for speeds, and I use

- the same ordinate values, but they are plotted according to a

different scale. 1 call them acceleration-coefficients (see curve
M, Fig. 9, in ALLE.E. TransacTiONs, Vol. XIX., p.926; curves
M. N. R. in Fig. 9a, are reproduced from Fig 9 of my paper)
Now, the acceleration-coeffi.ien. 13 as is easily shown, nothing
more than the tractive effort multiplied by a reduction factor,
which we know to be 91.1. This factor (which we may here call
F), includes the coefficients necessary to change weights from
pounds into tons, to convert speeds from feet per second into
miles per hour, and to take into consideration the gravity value
or measure of acceleration; thus.
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5280 2000

= 3600x32.2 ~ -1

F

Consequently, if, without changing the curve, we change the
scale in the ratio of 91.1 to 1, in either of the two curves, they
become identical in mathematical character. They both have
the same meaning: that is to say, the solid-line curve in Fig. 9 of
this paper has precisely the same significance as curve A in Fig.
9 of my paper (see Fig. 9a). They both express the force which
is available, per motor, for producing acceleration. @~ What is
s:ill more remarkable is that the solid-line curve at the bottom of
Fig. 9 of this paper, is identical with the curve R in Fig. 9 of my
paper. It is the curve of train resistance expressed in terms of
equivalent acceleration. The dotted-line curve which is the
curve of net acceleration factors is also exactly the same as the
curve NV in Fig. 9 in my paper. (See I'ig.9a). Now,all that is
necessary by the point-to-point method is a curve of that kind
(V) and some means for readily determining the reciprocal
values. This means is found in what is called, in my paper, the
‘ chart of reciprocals.” (Fig. 10 of my paper) which contains
several reciprocal curves, by means of which we can get the
relation between any speed-value and the corresponding time-
value. Taking (from the curve N) one of the equivalent accel-
eration values corresponding to a given speed, we transfer it to
the curves that will give its reciprocal; that reciprocal, for a cer-
tain increment of speed, will be the corresponding time-incre-
ment, when measured by a suitable time-scale.

This time-scale depends on the speed increment (4 v) for which
the time increment (f?) is to be determined. The same recip-
rocal curve could be made to serve for all speed incremen*:, cy
suitably changing its scale. It is simpler, in practice, to use a
special reciprocal curve for each different speed increment
employed in determining the time values. The chart of recip-
rocals (Fig. 10 of my paper), contains a total of nine such recip-
rocal curves, which are found sufficient for all speed-increments
between .01 and 10 m.p.h.

A method was recently suggested to me for doing this by Mr.
L. A. Freudenberger, instructor in physics under Dr. Franklin, at
Lehigh University. I had occasion during the past winter, by
the kind invitation of Dr. Franklin and Professor Esty, to delive1
some lectures on electric train movement at Lehigh University,
and Mr. Freudenberger, who attended these lectures, indicated
‘to me his modification of my method, which is of interest in this
connection because it is a kind of connecting link between the

oint-to-point method and analytical methods such as outlined
in Mr. Carter’s paper.

In my paper, starting from the acceleration-coefficient

(k= d th_,)' we can easily deduce the fact that the elemental time
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7alue (d ) is equivalent to the reciprocal (1) gf that accelera~

: k
t1on coefficient, multiplied by the elemental speed (d v), or:
dv Xy =di

(as given in Appendix C of my paper; see TRANSACTIONS, Vol
XIX., p. 986, equations d and ¢). Now, Mr. Freudenberger
plots, on the same diagram with the curve N (see Fig. 9a), the
reciprocals (%)of the equivalent acceleration values, according
to the equation just mentioned; and he gets a curve of recip-
rocals, A (which is shown in Fig. 9a). This curve would have
its first portion exactly parallel to the axis of x until it reaches
the point b, if the train resistance were constant at all speeds; but,
in reality, it will rise slightly as shown in the diagram (Fig. 9a).
From the point b, it rapidly changes to an upward course, reach-
dv .
(_l—t— = 0, which
in the case represented in Fig. 9a would be 65.8 m.p.h.
Now. knowing that the total time is, of course, equal to the

integral
dv
./:it=t='/'—-’;

take.. between suitable limits, he integrates the reciprocal curve
A, and gets a curve of time values (C), which he plots according
to a suitable time-scale. If this time-scale is placed on the same
axis of coordinates as the ‘‘ k" values (in Fig. 9a), then the
integral curve (C) of *he reciprocal curve A, would be the speed-
tsme curve itself.

In using this method, Mr. Freudenberger iransposes the codr-
dinates of the curve N. He plots this curve with speeds as
ordinates and the coefficients (k) as abscissa, as shown in Fig. 9b
This brings the time values along the axis of abscissa, and, con.
sequently, leaves the speed-time curve in a more natural position
than is the case in Fig. 9a. ’

The main objectinn to the method is that it necessitates too
many reciprocal curves (11). Everv time that there is a change
in train resistance, or, rather, in the net tractive effort, owing
either to a grade or tc a curve, then, evidently, the curve of net
acceleration valués represented by the dotted line in Fig. 9, alsc
(Curve N in Fig. 9a) changes.

As was pointed out in my paper (see Vol. XIX., p. 929), the
effect is the same as if the axis of ordinates were moved upward
or downward, according to the case.

It is, therefore, -necessary, for each change in condition, to
redraw the reciprocal curve A, and to obtain a new integral
curve (C) from this new reciprocal curve. While one could draw
a set of curves for a large number of conditions, yet, as we have
here three quantities, namely, gradients, curves, train resistance

ing infinity at the speed-point corresponding to



168 ELECTRIC RAILWAYS. June 30

a1y one of which may have an indefinite number of values within
ri'ther wide limigs, and as the same process would be repeated
for each change in the motors or in the train load, the result is
that it would, in practice, take an indefinitely large number of
curves to fit varying cases and conditions, and to give a satisfac-
tory approximation. The method has, therefore, more theoreti-
cal interest than practical utility.

A practical difficulty in the use of this method would arise
from the mathematical circumstance that the ordinates of the
reciprocal curve A approach infinity at the speed values at which
the acceleration coefhicient (Curve N, Fig. 9a) approaches zero.
It will be readily seen that this complicates the process of plotting
this curve and of integrating its area. The practical effect is to
increase the difficulty of determining the proper time values for
the * flatter ”’ portions of the speed-time curves. It was pre-
cisely to overcome this difficulty that several reciprocal curves
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are given in the Chart of Reciprocals (Fig. 10 of my paper).
These different curves of reciprocals afford means whereby the
‘“ scale " can be changed according to the slope of the speed-time
curve, or, in other words, according to the value of the accelera-
tion-coefficient “ k.”’ It is obvious, for example, that the por-
tion (b’ — ¢’) of the speed-time curve C, which is drawn in dotted
line in Figs. 9a and 9b. could not be obtained by integrating the
reciprocal curve A. according to Mr. Freudenberger’s method,
unless this curve itself were extended beyond the limits shown in
the diagram. The flatter the speed-time curve (C) becomes, the
greater will be the extension required in the reciprocal curve (4),
whose limiting value is infinity, as already pointed out. The
codrdinates used for plotting the dotted portion (b’ —¢’) of the
curve C, in Figs. 9a and 9b, were readily and quickly determined
by using the charts of Coefficients and of Reciprocals, as de.
scribed in my paper.,
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I now come to analytical methods such as outlined in the paper.
At the last annual meeting, in the discussion of my paper, Mr.
S. T. Dodd pointed out the importance of an analytical method,
and spoke of his efforts in that direction. In my own discussion
I stated that such a method was very desirable and that I hoped
to find one. I said that it depended simply upon our finding an
analytical or empirical relation between speed and current,
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tractive effort and current, and also between speed and tractive
effort and train resistance. Now, Mr. Freudenberger has made
one step in that direction to which I now wish to call attention.
Mr. Freudenberger pointed out to me, some three weeks ago, on
the occasion of one of my lectures, a fact of which I was not then
aware, namely, that Prof. Carus-Wilson had worked out a
theoretical or rational method, by means of which the curve (N)
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of equivalent acceleration (or net tractive effort, as the author
of the paper would perhaps call it), can be expressed analytically
with a greater or less degree of approximation. Instead of deter-
mining the curve of equivalent accelerations (\V), by reference to
the data obtained from tests of a motor, Mr. Freudenberger pro-
posed to determine it by a method due to Prof. Carus Wilson, and
¢iven in his book, ‘‘ Electro-Dynamics—The Direct Current
Motor.” This is an interesting innovation.

The straight portion of the curve (:V), it may be stated, corres-
ponds to that portion of the speed-time curve during which the
acceleration is controlled by the rheostat. This portion of the
curve is generally supposed to be straight. In reality it is not
straight; it has a slight downward bend (as shown in Fig. 9a),
owing to the fact that the train resistance is not constant. The
curve of gross tractive effort (M) is straight (on the assumption,
of course, that the rheostatic control is such as to keep the
current constant), but the net curve () has a slight droop.

As a matter of fact, with motor controllers having a limited
number of steps, each step of the motor controller causes a
variation of current and a slight *‘ hump " in this portion of the
curve. (See Vol. XIX., p. 966, last paragraph.)

The aim of an analytical method, as is properly stated in the
paper, is to do away with plotting altogether, and still to be able
to obtain accurate results—not merely approximations—under
all conditions. I think the author would admit that the method
as here given, is not susceptible of quite that accuracy. The
method has apparently not been subjected to. very extensive or
severe practical tests. The illustrations given are really quite
simple, not to say elementary, cases of speed-time curve plotting,
and many of the real difficulties are to be overcomie in intro-
ducing and using an analytical method are not considered, being
apparently wholly unperceived by the author. The method,
however, deserves commendation as being a valuable step in the
direction in which we must look for the complete solution of the
problem.

What is wanted is a method by means of which one can deal
with not only simple and abstract, hypothetical, cases and con-
ditions, but with specific, practical, cases and conditions of all
kinds, especially those involving complications, such as curves
occurring in the middle of a run, necessitating reductions of
speed and repeated acceleration in the middle of the run—cases,
for instance, such as shown in Fig. 13 of my paper (see Vol. XIX .,
p- 946). Itis, perhaps, well to point out that for such cases—and
others still more complicated—the method under discussion
would be wholly inadequate, whereas the point-to-point m.ethod,
or the * interpolation " n.ethod described in my peper is entirely
adequate.

The analytical method, to sum it up in a few words, requires
simply an equation that will enable us to connect the time-values
with the speed-values. If we have that, the rest is a mere matter
of mathematical manipulation.
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Now, the general equation itself is a simple one to establish. I
worked it out several years ago, and have been hoping to find a
method of introducing the functional-coeffici ‘nts, so as to be
able to use it practically. We start from that same equation
which we have already derived, which gives us ¢. If we express
speeds () in miles per hour and weights in tons of 2000 lbs., and
take g = 32.2, and so on, as before, we can easily reduce this to
this well-known form:

v’

r=911 20
Jp
v

where v = m.p.h. :
p = net tractive effort in lbs. per ton of 2900 lbs.

If, however, we wish to express it in terms of the difference
between the gross and the net tractive effort, the equation takes
this form:

vll

dwo
’=91'1fpic—i—ci1e

In the denominator we have the total (gross) tractive effort (P)
plus or minus grade effect (G), (the sign depending upon whether
the gradeis ' up "’ or *' down '), minus train resistance effort (f),
minus the curve resistance (C). We might add anothe rfactor
(R), with plus or minus sign, which would indicate the rotative
kinetic energy of the train. Now, the integral of that equation
would give us the formula connecting ¢, with 7, in'any case. The
general equation might be written thus:

dt dv :
(™ v—(Hr G £ R-C

The first term in the denominator, the “ « '’ function of the
speed, is nothing more than the equation of the curve of gross
tractive effort which is given in Fig. 9 of the present paper, and
also of my paper (see Fig. 9a). The ““ 1’ function of the speed
is t":e equation of the curve of train resistance. The grade effect
(’;). the curve effect (C), the rotative and kinetic energy R, are
easily and perfectly determinable under all conditions. As this
ejuation shows, we need only two things to be able to predeter-
mine speed-time curves. We need equations for the « and 4
** functions "’ of the speed, of form suchthat they can be ‘‘sub-
stituted "’ in the general equation. Now, Mr. Carter gets one
of them by using a hyperbolic formula to connect speed and
tractive effort. In other words, he finds that the speed-tractive
eYort curve is of hyperbolic type. Unfortunately, he has made
certain assumptions by which he sacrifices precision to attain
si .plicity. Prof. Carus Wilson’s method possibly furnishes a
more satisfactory formula for the *‘ * ”’ function, I myself strove
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to find an equation connecting the two variabies together; tut
I looked a little further, for I wanted a method of precision,
and not merely one of approximation. It is proper tc
point out here that it is not enough to have the speed-time
- curve. As shown in my paper, the speed-time curve is
only a stepping-stonc to the curves which are really of
interest and utility—the subsidiary curves, such as the curves
of electric current and electric power input and their integral
curves, which tell us much that we want to know. Conse-
quently, it is not enough to have a means of plotting speed-
time curves. We want more than a means of readily plotting
the subsidiary curves—we want a means of obviating the plottir.g
of them, and of obtaining, nevertheless, the results which they
would give us and which we now have to obtain by plotting them
and laboriouslv integrating them by mechanical methods.
Hence, it is necessary and desirable that we should find not only
the curve which connects speed with current, but also the curve
which connects tractive effort with the current and also with
the speed. Looking at the speed-current and the tractive-effort
current curves, one would at once recognize the first as belonging
to the hyperbolic family and the other to the parabolic family.
It is in that direction I have worked, but I have tried to do it by
one type of equation that would fit all cases. Here are two
equations of x° functions: y = bx* + a: y =b(x+a). The
remarkable mathematical peculiarity of that function is that
when » has the negative sign. we have hyperbolas, and wher »
has the positive sign. we have parabolas. there being an endlcss
number of each, corresponding to the endless series of #n values
between + o and — o« . The effect of a ismerely to shift the axcs of
coordinates. In the first equation a sérves to shift the axis of
9: in the second, it serves to shift the axis of x. Thesignis + or
— according to the direction in which the axis is shifted. The
effect of b (1.e., of variation in b), is merely to change the scale of
ordinates. When the scale is the same as for absciss®, we have
b = 1, and the equation becomes simplified in form. It can be
shown, mathematically, that only one coefficient (b) and only one
constant (a) need enter into that equation to enable us to express
with a fair degree of accuracy any single branch curve of the
hyperbolic and of the parabolic type.

All that is necessary, therefore, is to find out whether the
sign of a is positive or negative for these cases, and to determine
the most suitable values of b and a. I find that this can be done
with relative facility. . I have tried it in the case of the speed-
current and tractive-effort current curves of a G E 65 and of a
G E 55 motor, and I find that the empirical curves, that is to say,’
the curves derived by an empirical equation of this ** " " type,
are so close to the original curves that unless the scale is verv
large, the two curves will coincide fairly well. .

The empirical formula takes the form

y=b(x—-ay
for the curve of tractive effort, and
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b
(x—a)
for the curve of speeds, when x = current, in amperes (in both
cases). With the ordinary scale on which these curves are
Plotted in the data sheets issued by the manufacturing com-
panies, one would hardly see the difference between the *‘ actual ”
and the ‘‘ empirical ' curves.

I want to point out that the effect of b, as it enters here,
depends mainly upon the gearing ratis and the voltage. It sim-
ply has the effect of moving the curves (that is, their ordinates)
up or down, in exactly the same way as is done by a change in
voltage or in gear ratio. I have not yet fully determined the
effect of a. It has apparently some relation to the amount of
current required to produce the ‘‘ friction torque,’” and possibly
also to the resistance of the motor and other things like that.

The formula of Mr. Carter for the speed-current curve is quite
as satisfactory as one of the x" form, and may even have some
advantages over it. His formula for the tractive effort curve,
however, presumes or assumes a straight line relation, and, con-
sequently, it is unsatisfactory for any method except one of
approximation.

The train resistance itself (our ‘“ 1"’ function), after it has been
determined by a rational formula (of form which need not be dis-
cussed now) can be expressed quite closely, for any given case, by
an empirical equation of this (") type.

Mr. Carter finds it desirable, in order to simplify his method, to
assume that the train resistance is either constant, or e'se, may
be treated as if it were sub-divided into graded steps. These
assumptions are, of course, inadmissible in a method of precision.

If we are able to express the three principal variables, speed,
torque, train resistance, by equations of the same type, we can
easily find, by an equation of simzilar type, the other relations,
such as, for instance, the relation between torque and speed,
which is our ‘ k'’ function (Curve A). This function can be
expressed by a formula of the for;)n

y=b(x—a)"=

ry==

x
The rest is nothing but a matter of relatively simple mathematical
manipulation. It will then be possible to calculate the data for
the speed-time curve, also the current and power input curves,
and to obtain from them, by analytical integration, the distance-
time curve, the energy input curve, and various other important
subsidiary curves We will thus obtain the energy value corres-
ponding to a given acceleration cycle, and to any sets of such
cycies constituting a ‘‘ service run.” It is also evident that we
can then introduce changes of grade, of curvature, train resist-
ance, etc., and, in a word, take into account all the possible con-
ditions and modifications. One can then play all the changes
desired upon the ‘‘ theme,”’ and still have absolutely correct and
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determinate resuits, without any approximations. A completc
analytical method will, when it has been developed, enable us to
do all this. Mr. Carter desei ves much credit for having prepared
and presented this paper, which shows important progress in the
right direction and contains many useful suggestions, in addition
to being, even in its present form, useful for making preliminary.
approximative calculations.

[ComMUNICATED AFTER ADJOURNMENT BY MRr. C. O. MaiLLoux.)

The method of Mr. L. A. Freudenberger referred to in my
discussion of Mr. Carter’s paper, has since been made public by its
author in two articles printed in the Electrical Werld and En-
gineer. The first article, entitled, ‘‘ Plotting of Speed-Time
Curve from the Acceleration-Speed Curve,” and published in the
issue of July 18th (Volume XLII., pp. 96-97). The general
description of the method given in this article is substantially as
given in my discussion. The second article, entitled, ** Flotting
of Speed-Time and Speed-Distance Curves from the Acceleration-
Speed Curve,” and published in the issue of August 9, 1903 (Vol-
ume XVII., pp. 219-221), is a continuation of the first communi-
cation. This second article contains some interesting extensions’
and developments -of the method and gives a practical example
illustrating the application and use of the method in plotting one
of the same Run Curves which was used by me as 2n illustration
in my paper (‘‘ Notes on the Plotting of Speed-Time Curves "").

The particular run selected by the author as a practical illus-
tration of the use of his method is that described as ** Service Run
No. 7,” illustrated in Fig. 12 of my paper, and described in
Volume XIX., on pp. 1079-1088. The reader who is interested
in doing so is thus enabled to make a comparison between the
two methods, when both are applied to the same case.

The extensions of the method mentioned in Mr. Freuden-
berger’s second article only partly remove the objections to the

rethod, as stated in my discussion. The modified methkod
requires the construction of two accessory curves—one giving
the values »/a as a function of the speed, and the other the dis-
tance values as a function of the time.

The writer finds by experiment that the modified method does
not shorten or simplify the process of plotting a given Run Curve,
as compared with the * chart "’ method described in my paper,
and it is, of course, much more laborious than the ‘‘ Interpola-
tion " method, also described in my paper. The method may,
however, be of utility in some cases,



A paper presented at the 20th Annual Conzentson op
the Amerscan Institute of Electrical Engzsinecrs,
Nsagara Falls, N. Y., June 30th, 1903.

INTERURBAN CAR TESTS.

BY W. E. GOLDSBOROUGH AND P. E. FANSLER.

INTRODUCTORY STATEMENT.—The car tests which form the
subject of this paper were made on the cars of the Union Traction
Company of Indiana. It would not be fair to say that the suc-
cess of the tests has been due to any one group of individuals,
as a relatively large number of experimenters have generously
contributed to the work. The great interest taken in interurban
practice by George F. McCullough, President of the Company,
made the test possible. A. S. Richie, Electrical Engineer,
Charles A. Baldwin, Supt. of Transportation, and John Matson,
Master Mechanic, put themselves to great inconvenience to
render every assistance.

Charles. F. Scott, Clarence Renshaw and B. B. Abry, of
the Westinghouse Company are largely responsible for the ex-
cellent outcome of the special tests. Mr. Renshaw took a lead-
ing part in this work and has contributed a valuable article on
the special car tests to the Street Railway Fournal of October 4,
1902. In connection with the work of calibrating instruments,
preparing for the tests, making records and working up results,
Messrs. Dostal, Zapp, Peticolas, Hoft, Hollingsworth, Dinsmore,
Smith, Starkey and Weaver, senior students in electrical engin-
eering at Purdue University worked hard and well. In the
preparation of this paper the results obtained by the various
experimenters have been drawn on indiscriminately.

INTRODUCTION.

There are many factors in the problem of interurban electric -
transportation which have as yet received very inadequate
attention. As in all new branches of engineering the first thing
sought is successful operation. The economies follow in good

1756
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time. Although we are but entering upon the era of interurban
electric traction, properties of this nature have come into being
so rapidly that by their very weight in numbers they have at-
tained to great perfection in detail on account of the enormous
concentration of engineering skill that has been brought to bear
on them. This accounts for the fact that we are already aiming
at the ultimate economies,and the report of which this paper is
the subject is but one of many efforts in this direction.
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Map of thé™Jnion Traction Company's System.

The Union Traction Company of Indiana operates a system
extending over five countics and connecting the principal towns
between the cities of Indianapolis, Anderson, Muncie and
Moarion. The system as it stands to-day is a fine example of
electric railway en:incering and is generally admitted to have
been developed along very fine lines. At the time of the tests
the company was operating more than 160 miles of track, 110
miles of which was interurban, the remainder local.
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The tests were made on the interurban lines between Indian-
apolis and Muncie at various times during the springs of 1902
and 1903, although the greater portion of the data was recorded
in connection with the general test of the system which occurred

o
N Zsdwn
T~ —

H

3

:

Interurban Car used by the Union Traction Company of Indiana.

April 17, 18 and 19, 1902, and at the time of the special inter-
urban car tests which occurred between March 20th and March
29th, 1902.

The country between Indianapolis and Muncie has a general
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appearance of being level. It is, however, quite rolling in part
and there are few good level stretches. The interurban road
bed is accordingly subject to frequent variations in grade and
contains numerous curves. The grades as a rule do not run
above 2 per cent. There are a few that run as high as 3 per cent.
but they are relatively short. The roadbed is well constructed,

the track being made solid with good balasting.  Seventy-pound
rails are used
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Standard Pole Line Construction of the Union Traction Co. of Indiana.

From Indianapolis the line passes on through Ingalls, and
Lawrence to Anderson and from Anderson through Daleville
to Muncie. In Table III. the intermediate points are given
together with the distances between same.

The interurban trains are of two kinds, those known as local
trains and those known as through or limited trains. The first
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stop at all towns and at frequent intermediate points or for flag
stations; the rule being that the local trains will stop to pick up
passengers at any point where a county road crosses the inter-
urban track. The limited cars work on a through schedule
between Indianapolis and Muncie, stopping only at Anderson.
The trains are controlled through a very well developed train
dispatching system. All the motormen receive their instruc-
tions from and report to the train dispatcher at frequent tele-
phone connection boxes along the track. To put himself in
communication with the train dispatcher it is only necessary for
the motorman to insert his telephone plug into the connections
of the telephone box without leaving his car, as each car is
equipped with a telephone set. The train schedule is carefully
worked up ahd all cars are required to run exactly on time.
Power is delivered at 550 volts to the interurban trains on the
Indianapolis-Muncie Division from substations located at
- Lawrence, Ingalls, Anderson, Daleville and Muncie. The main
power station is located at Anderson, and supplies energy over
a high-tension, three-phase transmission system to rotanes in
the various substations.
The cars used. on the Ind1anapolstunc1e Division are all of
the same type. They are 52 feet 6 inches over all and weigh
63,100 pounds. ‘The motive power equipment of these cars
consists of -two number 50 C motors, which are mounted on the
forward truck and are .nominally rated at 150 h.p. each. The
motors are geared with the ratio of 20 to 51 and are geared to
36 inch wheels. Records were obtained from 10 cars of this
type and also from two other cars differently equipped. As the
Jlatter were only used in the special tests they have no bearing
on the general tests made on April 17th, 18th and 19th.

GENERAL Car TEsTs. *

In making preparations for the general tests, the first thing
necessary was to secure sufficient ammeters and voltmeters, and
recording wattmeters of the railway-car type. Finally the
details were arranged, and at the time of the test each car was
fitted with a Thompson recording car wattmeter and also with a
Westinghouse ammeter and voltmeter. The instruments were
placed on the left-hand wall of the motorman’s vestibule and
hence were very easily accessible for reading. The wattmeters
were all calibrated in position on the cars by the following
method: A voltineter and ammeter previously standardized
were used. to calibrate the Westinghouse voltmeters all connected
in parallel and the Westinghouse ammeters all connected in
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series. The ammeters and voltmeters were then placed on the
cars and used in calibrating the car wattmeters.

Between Muncie and Indianapolis the different cars were
taken in turn by two observers and readings of the voltmeter and
ammeter were recorded as rapidly as possible between stops.
Simultaneously with these readings, readings were taken of the
time and of the rate of rotation of the wattmeter disk. From
the data thus accumulated the wattmeter constants were
checked.

The objects of the general tests on the interurban and limited
cars were:

First.—To determine in detail the k.w. hour consumption of
individual cars, both local and limited, between stated points,
en route {from Muncie to Indianapolis and vice versa.

Secondly.—To average these results and todetermine as wellthe
maximum and minimum k.w. hour consumption over the route.

Thirdly.—To ascertain in so far as possible the general effect of
starts and the personality of the motormen asfactors in car con-
sumption economy.

In accumulating data for these purposes, an observer was
placed on each of the interurban cars operating between Indian-
apolis and Muncie throughout the three days of the general test.
These observers were instructed to take wattmeter readings at all
stops, at all circuit-breakers and to read both ammeter and volt-
meter at intervals of every fifteen minutes.

The results of their work on April 17th is shown in part in the
curves of Fig. 1, 2, 3 and 4; and in Table I. is given the record of
all of the trains operated east and west on this day. The curves
of Fig. 1 are interesting from the fact that they show the pro-
aressive increase in the energy consumption of the cars quite per-
fectly. It is noticed in general that while operating within the
city of Indianapolis, the consumption per mile is greater
than where the cars are running through the country. An in-
crease in the slant of the consumption curves is also noticeable
when the cars are running through Muncie at the end of the trip,
but is not so pronounced as in Indianapolis. The cycle of
events can be followed quite accurately in the case of most of the
cars; for instance, taking train number 13 which consists of car
number 254, we find that until it reaches siding 27, which is at
the limits of Indianapolis, the rateat which energy is consumed is
quite high; after leaving siding 27 the rate of consumption falls
off somewhat, but increases again between sidings 25 and 24.
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TABLE 1.
CoNsuMPTION PER CAR. East AND WeST.
EAST BOUND. WEST BOUND.
Train. | Car No. | KWH. | Train. | Car No. | K.W.H.
LocaL Cars.

1 246 1312 | 2 260 122.4

3 262 111.0 ' 4 203 140.0

5 264 148.0 6 254 142.5

g 260 130.6 18 261 142.0
11 263 1245 12 246 1285
13 254 137.6 14 262 122.0
15 260 127.5 16 260 114.2
17 . bl 18 R
19 246 125. 20 263 135.5
21 262 123.0 22 254 139.2
23 260 133. 24 261 132.8
25 PP N 26 FEPUE
27 263 | ..... 28 246 134.8
29 254 162.0 30 262 127.0
31 261 146.5 32 252 139.5
33 IOV 34 JUTE E

246 119.0 36 264 141.5
37 262 112.5 38 260 128.5
39 252 128.7 40 263 134.0
41 254 119.0 42 254 126.0
43 263 118.5 44 252 113.1
Min,, 111.0 Min,, 113.1
Ave., 120 2 Ave., 131.3
Max.,162.0 ax., 142.5
Limitep Cars.

9 250 107 .4 10 255 ! 101.0
17 255 96.0 18 250 : 123.8
25 250 108.5 26 255 06.0
33 255 101.0 34 250 119.6

Min. 96.0 Min.,, 101.0
Ave., 103.2 Ave., 112.6
Max., 108.0 Max., 123.0
TABLE II. .
TraiN Loc.
Train No. Car No. Direction. K. W.H K. W.H
Per Car Mile
1 248 East 131.2 2.32

12 %6 West 128.5 2.28

19 3] East 125.6 221

28 2465 West 134.8 2.38

35 246 East 119 2.11
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TABLE II.—Continued,
Average, Bast . ... ... i i it eiiee e 2.21
Average, West ... ...uiiieiennnneeannsacsasssacasscscsnannns 2.33
oL 250 107 .4 1.9

18L 250 West 123.8 2.19
251 250 East 108.5 1.92
34L 250 West 119.6 2.11
Average, Bast ........iiiiiiiiiiii it ittt aaes 1.81
Average, Wust ... ..iii it 2.15
39 252 East 128.7 2.27
32 252 West 139.5 2.46
4 252 West 113.1 2.00
Average, East. . 2.27
Average, West. . 2.23
6 254 West 142.5 2.52
13 254 Bast 137.6 2.43
22 254 West 139.2 2.46
29 254 East 162 2.88
41 254 East 119.0 2.10
42 254 West . 128 2.23
Average, Bast ..........coiiiiiiinniii ittt iiet it 2.46
Average, West ....oovuuriiir it i iieiereeaeaanaaean 2.40
10L 255 West I 101.0 1.77
17L 255 East | 96.0 1.70
26L 255 West 106.0 1.87
33L 255 East 101.0 1.78
Average, East 1.74
Average, West 1.83
2 260 West 122.4 2.16
7 260 East 130.6 2.30
15 260 East 127.8 2.25
10 260 West 114.2 1.85
23 260 East 133.5 2.35
38 260 West 128.8 2.7
Average, Bast ..........c.ciiiiiiiiiiiiiina. eceanaseaes . 2.30
Average, West ... ..ovvieniverennaaneancecacsoscsnncncsnsenss 2.9
31 261 East 158.5 2.59
8 201 West 142.0 2.51
24 261 West 132.8 2.34

Average, East .............00iiiiiiiiiiiiiirititeneniieneans 2.59 -
Average, West . ... ... ..coiiiiiiiiiiiiiii it raiaieaan, 2.4
30 262 West 127.0 2.24
3 262 East 111 0 1.96
14 262 West 122.0 2.15
21 262 East 123.0 2.17
37 262 East 112.5 1.08
Average, East ........... ...ttt ittt . 2.03
Average West . ... ... .. ittt 2.19
11 263 East 124.5 2.20
20 263 West 135.5 2.39
27 263 East 84.5 2.48
40 263 West 134.0 2.37
43 263 East 118.5 2.09
4 263 West 140.0 2.48
Average, Bast ...ttt 2.28
L. Average West .......cccvvvienrnrnnenncnccnnnes 2.41
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TABLE II.—Continucd

5 264 East 148.0 2.61
38 264 West 141.5 2.49
L ind cates limited trains.
TABLE III.
Locat Car No. 260 East Bounn. K.W.H. CoNsuMPTION
. { Distance | 'K.W H. Between Stations W.K.H. per Car Mile
tation. i
Miles. Min. Ave. Max. Min. I Ave. ' Max.
Indianapolis. ....
3.4 9.9 10.8 12.3 2.91 3.18 3.62
Indianapolis E. .. .
7.4 18.9 19.1 19.2 2.55 2.58 2.60
Lawrence .......
11.4 18.3 22.8 27.1 1.61 2.00 2.38
PFortville ........
2.8 7.2 7.9 9.0 2.57 2.82 3.18
Ingalls..........
4.7 7.0 7.9 9.0 1.49 1.68 1.82
Pendleton ....... .
8.0 16.8 18.1 18.9 2.10 2.28 2.36
Anderson W. .... :
1.2 4.5 5.2 5.8 3.75 4.34 4.84
Anderson E. .....
N 6.5 9.5 11.7 13.8 1.46 1.80 2.12
Daleville.........
5.1 10.2 10.3 10.5 2.0 2.02 2.08
Yorktown .......
6.0 15.0 15.0 15.1 2.50 2.50 2.51
Muncie..........
Indianapolis .....
. | 56.5 117.3 128.8 140.6 2.07 22.8 2.48
Muncie.......... | |
TABLE IV.
LocatL Car No. 260, West Bounn. K.W.H. CoNsuMpTION.
Distance.| K.W.H. Between Stations K.W.H. Per Car Mile.
Station. . ! [
Milcs. Min. | Ave. I Max. Min. Ave. Max.
I -
Muncie........ .. I l
6.0 11.8 | 13.7 15.1 1.97 2.29 | 2.50
Yorktown ...... .
5.1 7.3 11.0 16.0 1.43 2.15 3.14
Daleville......... '
. 6.5 13.6 13.7 13.8 2.09 2.11 2.12
Anderson E !
\ 1.2 2.5 3.7 4.5 2.08 3.08 3.76
Anderson W. . ... "' I
. 8.0 13.3 16.7 19.1 1.66 2.09 2.39
Pendleton ....... !
4.7 9.3 10.6 .| 12.6 1.08 2.26 2.68
Ingalls. .......
2.8 5.1 | 5.8 6.9 1.76 | 2.00 2.38
Fortville ........ [
. 4.8 80 | 8.9 9.9 1.66 : 1.88 2.06
McCordsville
6.6 13.5 14.6 16.6 2.05 2.21 2.53
Lawrence ....... I |
. 7.4 12.8 14.1 16.4 1.73 1.01 2.22
Indianapolis E. .. \
X 3.4 8.5 | 10.2 11.9 2. 3.00 3.50
Indianapolis ..... |
Muncie.......... i
. 56.5 105.7 123.0 142.8 1.87 2.18 2.52
Indianapolis..... |
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‘The car runs through Lawrence with relatively small energy con-
sumption and continues at about the same rate until the western
limits of Anderson are reached. In passing through Anderson
there is quite a considerable increase in the energy consumption
of the car. West of Anderson the rate of consumption returns to
normal until siding 3 is reached where in working in and out of
the siding a considerable amount of power is required. From
siding 3 the car runs into Muncie under a normal amount of
energy per car mile.

The schedule speed of local trains between Indianapolis and
Muncie is 23 miles per hour; on clear stretches running through
the country the speed frequently runs up to 50 miles per hour, but
in general, averages about 38 miles per hour. Inthe towns, how-
ever, a slower rate of speed is required, which brings the schedule
in the country to 27 miles per hour. When operating within the
city limits of Anderson and Muncie 20 miles an hour are not, in
general, exceeded, and in Indianapolis the rate varies from 20
miles in the suburbs to 10 miles in the business districts. The
schedule speed in Indianapolis is 10.28 miles. The slower speeds
within the towns together with the frequent stops made therein
account for the greater consumption within city limits.

The curves of Fig. 2 show an improvement in the operation of
the local trains going west, for the reason that the consumption
curves bunch together much better and show a less variation
from the mean.

-What has just been said regarding local trains must be re-
versed in comparing the consumption curves of the limited
trains, shown in Figs. 3 and 4. The curves for the limited trains
running east on April 17th follow one another very closely and
indicate but slight variations in the power consumption per car
mile per train. In the case of the trains running west, however,
the car consumption of train 34 1is considerably higher
than that of train 10, and variations in the rate
of energy consumption are much greater in the -case of
the cars running west than in the case of those run-
ning east. The fact that the eastern limited trains are usually
given right-of-way at the sidings, has much to do with these
variations; the number of stops per trip of the west bound
limited trains being in general in excess of the number of
stops per trip of the east bound limited trains. The speeds
attained by the limited trains run as high as 60 miles an hour.
Speeds as high as 52 and 53 miles an hour are frequent.
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The schedule speed is 28 miles an hour. Since cars haveto cover
the distance between Anderson and Muncie, which is 56.55 miles,
in two hours, and as the limited trains consume 35 minutes in
passing through city streets, the schedule speed in the open
country is 35 miles an hour.

In Fig. 5 is shown a comparison between the power consump-
tion of the local and limited trains; these curves are the average
of all the local and limited trains operated on April 17th, going
east from Anderson. The greater power consumption of the
local trains is, of course, due to the fact that owing to the stops
and the longer schedule, the local trains took two hours and a
half to make the trip against two hours by the limited trains.

In Fig. 5 we have the consumption curves for the local and
limited trains running west. It will be noticed that the curves
in Fig. 6 lie closer together than thost of Fig. 5. The total
average car consumption of the local trains is the same in both
instances, whereas the average consumption of the limited
trains running east is less than that of the limited trains running
west.

In Figs. 5 and 6 are also shown the consumption curves of
special trains which were operated on the day mentioned.
These give a good idea of the amount of service rendered which is
not included in the regular daily schedule. The special or work-
trains were run over the system while the test was in progress.
The cars were all small and did not consume a great deal of
power; they were not equipped with wattmeters, and hence only
an approximation could be made of the amount of energy they
consumed.

It is quite hard to determine just why the different cars
will make the run between Indianapolis and Muncie in practically
the same time, and on different runs consume such different
amounts of energy

The trains scheduled in Table I. have been grouped together
in Table II. so that a comparison can be made of the kilowatt
hour consumption of different runs. We find, for instance, that
car 254 inade one trip east consuming 162 k.w.h. and. another
consuming 119 k.w.h. which is a difference of 36 per cent. The
western trips on the same day showed a maximur: consumption
of 142 k.w.h. and a minimum of 126 k.w.h., a difference of only
13 per cent. Of all the trains scheduled in Table II.,
car 262 made the trip east with the least energy consumption,
requiring but 111 .k.w.h., which is at the rate of 1.96
k.wh. per car mile. The highest consumption by tkis
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car is 123 k.w.h., or an increase of only 10 per cent. The number
of stops made by a car on different trips undoubtedly has quite
an effect upon the amount of energy consumed. The greater the
number of stops the greater the amount of time deducted from
the regular running time, and, the greater must be the accelera-
tion of the train to enable it to make up the lost time. This is
quite clearly brought out by the fact that the limited trains, as
shown in Table 1., average on their eastern trips only 103 k.w.h.,
whereas the local trains average 129 k.w.h. on their eastern trips,
an increase of 35 per cent. As a rule the limited trains after
leaving Indianapolis only stop once at Anderson in their run to
Muncie. Going west the limited trains usually pull in at sidings
to allow east bound trains to pass. This probably accounts for
the fact that the k.w.h. consumption of the west bound limited
trains is somewhat greater than the k.w.h. consumption of the
east bound limited trains, although the west bound limited trains
are relatively running down grade, Muncie having an elevation of
about 100 feet above Indianapolis.

The number of stops made by the local cars outside of the cit-
ies averages about 34.

An average taken of the runs made by the local cars, east and
west, shows them to be very much the same. For instance, in
Table 1., the average of the east bound locals is 129 k.w.h. and of
the west bound, 131, k.w.h.; practically the same.

The best run going east shows a car consumption of 111 k.w.h.
by car number 262; the highest car consumption going east is 162
k.w.h. by car number 254, a difference of 49 per cent. The aver-
age of the eastern trips made by car number 262 is 115 k.w.h.,
and the average of the trips made by car 254 is 139 k.w.h., a
difference of 21 per ccnt.  As the two cars are of the same weight
and equipment, and as the runs made by them are spaced suffi-
ciently close together to admit of the supposition that the average
stops made during the day by the two cars is very much the same,
we have to assume that the difference in power consumption is
caused by the equipment of car number 262 being in better condi-
tion than that of car number 254 as the personal equation of the
motorman in the operation of his car in local interurban service,
as will be shown later, is practically without effect where a num-
ber of runs are taken into consideration. Among the west bound
local trains, car 254 shows again the highest consumption, which
scems to make it quite conclusive that its running gear was
«ffected in some particular. Here we have a case in point
in which causes other than the number of starts made during a
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trip having had the effect of causing a decided increase in the
power consumption of a car. We cannot, therefore, charge
up discrepancies in (nergy consumption entirely to the num-
ber of starts made. It is fair to say, however, that each start
requires the expenditure of from .5 to .8 k.w.h.

In the case of the limited runs we find by reference to Table I.
a variation of 13 per cent. in the energy taken by the east
bound trains and a variation of 22 per cent. in the energy taken
by the west bound trains.

In connection with the general discussion of the amount of
power required to operate these trains it has been thought of
value to study the results obtained from the operation of a given
car over a series of trips in detail. Car 260 has accordingly been
made the subject of this analysis. From Table II. it will be
noticed that car number 260 made six local trips between Indian-
apolis and Muncie, three east and three west, on April i7th,
which are distributed entirely through the day. The car may
therefore be assumed to represent fairly well the average daily
cycle through which a local car has to pass.

In Tables III. and IV. the analysis of the pcrformance of this
car is presented. In Table III. the column which shows the
average k.w.h. consumption between stations gives the average
encrgy consumption of the car for the three trips made from
Indianapolis to Muncie. The column to the right of this headed
‘“ maximum " gives the maximum consumption between the
diferent stations that occurred in any one of the three eastern

- trips and the ‘column headed * minimum ' gives the minimum
consumption that occurred on any one of the three trips east to
operate the car between the stations.

The ‘““‘average’” column may therefore be said to represent the
average daily performance of the car. The ‘“maximum’ column
gives the probable amount of power which the car is likely to use
in passing between stations and the ‘‘minimum* column giveswhat
is probably the least amount of energy which this car is likely to
take in passing between stations, in local service. The footings
of these columns give accordingly the probable maximum, the
average ordinary and the probable minimum energy wlich the car
will take in ' making a trip from Indianapolis to Muncie.

Tle maximum, 140.6 k.w.h., is 9 per cent. in excess of the
average and 12 per cent. in excess of the minimum. The
greatest differences between the maximum and minimum values
occur in the runs between Lawrence and Fortville, and Anderson
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E. and Daleville. The variations between the maximum and
minimum values between Daleville and Muncie are relatively
immaterial. In running between Lawrence and Fortville the
maximum value is 47 per cent. in excess of the minimum and in
running from Anderson E. to Daleville the maximum is 45 per
cent. in excess of the minimurr:.

The average for the trip (in Table III.) is 128.8 k.w.h. The
average of the three actual eastern trips of car 260 given in Table
II. is 130.5, showing that the sum of the average energy consump-
tions of several runs taken between stops is 1.5 per cent. less than
the actual average of the three runs. InTable IV.asimilar set of
tabulations is made for the three west bound trips of car 260 and
results that do not markedly differ from those of Table III. are
shown. For instance, the average energy consumption in Indian-
apolis east bound is 10.8 k.w.h. against 10.2 west bound. The
average energy consumption in Muncie is 15 k.w.h. east bound
against 13.7 west bound. The average energy consumption in
Anderson is 5.2 east bound against 5.1 west bound.

The greatest difference in the averages is shown in those taken
for the runs beitween Indianapolis E. and Lawrence; the average
of the east bound trains, 19.1 k.w.h., being 49 per cent. in excess
of the average of the west bound trains between these points. The
greatest variations between the maximum and minimum con-
sumption between stations in Table IV. occurs in the runs
between Yorktown and Daleville, where the variation is 119 per
cent.

As regards the energy consumption for the trip, we find
that the average of the east bound trains exceeds the average of
the west bound trains by 4.5 per cent.; and that the maximum
probable energy consumption of east bound trainsis 142.8 k.w.h.,
which is 35 per cent. in excess of the minimum and 16 per cent.
in excess of the average.

The three columns at the left of Tables III. and IV. refer to the
consumption of car 260 in k.w.h. per car mile.

It is noticeable that the maximum rate of energy consumption
in all cases occurs in the cities. Theenergy consumption per car
mile in Anderson being greatest, in Muncie least and in Indian-
apolis more or less of an average between the other two places.
This increase in the energy consumptionin the cities is due to the
slower speeds, frequent stops and very otten to low voltage. It
will be noticed that the maximum energy consumption in Ander-
son is 4.84 k.w.h. per car mile, whereas in Indianapolis it is.
only 3.62 k.w.h. per car mile.
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TABLE V.
LocaL Car CoNsuxprioN ror VArious SecTionNs or LiNs. East Bounp.

K.W.H. Between Stations. K.W.H. Per Car Mile
Station. Distance .

Miles. Min. Ave. Max. Min. Ave. Max

Indianapolis . . ...
3.4 9.4 11.9 14.6 2.76 3.5 4.30
Indianapolis E
La 7.4 13.8 18.9 25.5 1.86 2.55 3.45
Wrence .......
. 11.4 13.7 22.8 29.0 1.20 2.00 2.55
Fortville ........
2.8 5.2 7.1 8.1 1.86 2.53 2.80
Ingalls. .........
. 4.7 7.0 9.5 12.5 1.49 2.02 2.66
Pendleton ...... .
8.0 16.1 19.8 24.1 2.01 2.47 3.01
Anderson W. ....
1.2 4.0 5.3 8.2 3.40 4.42 6.82
Anderson E .....
6.5 9.0 12.4 17.2 1.38 1.01 2.65
Daleville.........
5.1 7.0 8.7 12.2 1.37 1.71 2.39
Yorktown .......
4.7 7.4 10.4 12.3 1.57 2.21 2.61
Muncie W. ......
1.3 2.5 5.2 9.9 1.92 3.99 7.60
Muncie..........
ToraL Trrp...... 56.5 95.1 122.0 | 173.6 1.68 2.34 3.08
ToTAL URBAN ... 5.9 16.9 22.4 32.7 2.70 3.79 5.54
ToTAL INTBRUR- .
BAN ......0000 50.6 79.2 110.4 140.9 1.56 2.18 2.79
° TABLE VI.
LocaL Car CoNsusMPTION POR VARIOUS SECTIONS OF LiNk. West Bounp.
K.W.H. Between Stations. K.W.H. Per Car Mile.
Station. Di
Miles. Min. Ave. Max. Min. Ave. Max.
Muncie..........
) 1.3 2.5 5.2 9.9 1.92 3.99 7.6
Muncie W. ......
4.7 7.8 10.8 15.3 1.68 2.2 3.28
Yorktown .......
. 5.1 7.3 13.1 16.8 1.43 2.57 8.29
Daleville.........
6.5 9.2 13.7 15.7 1.42 2.10 2 42
Anderson E. .....
1.2 2.5 4.4 6.1 2.08 3.68 5.09
Anderson W. . ... :
8.0 15.4 19.2 23.3 1.93 2.40 2.02
Pendleton .......
4.7 7.0 | 10.6 | 150 1.49 | 2.26 | 3.10
Ingalls .......... 2.8 5.1 6.6 8.4 8
. . . . 1.82 2.35
Fortville ........ 3.00
1.4 17.0 | 24.2 | 28.5 1.49 | 212 | 2.5
Lawrence ... 7.4 | 12.0 | 155 | 22.3 | 1.67 | 2.15
Indianapolis E. .. 3.10
) } 3.4 7.5 | 11.6 | 18.6 | 2.21 | 3.38 | p.47
Indianapolis . ....
‘ToraL Trip ..... 56.5 93.3 134.9 179.9 1.65 2.87 3.18
Totar UrBAN ... 5.9 12.5 21.1 34.6 2.12 8.57 5.88
TOTAL INTERUR-
BAN ...... 50 6 80.8 113.8 145.3 1.60 2.24 2.87
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* The least energy consumption per car mile shown .n these tables
is on one of the westward trips between Yorktown and Daleville,
where as low a value as 1.43 k.w.h. per car mile is shown. This is
but 30 per cent. of the maximum consumption cited for the east-
ern trip in Anderson.

In Tables V. and VI. a still more elaborate study has been made
of power consumption between points. These tables include a
resumé of all of the data accumulated for all of the cars on April
17ta. For instance, the table of east bound consumption gives
in the average column the average consumption between points
for all of the cars, the minimum column gives the least con-
sumption recorded between points for any one of the cars and the
maximum gives the maximum consumption for any one of the
cars.

Comparing these results we see that in running through Muncie
the power consumption per car mile varies from 2.5 to 9.9, a
variation of 300 per cent. Differences exceeding 100 per cent.
are quite frequent, as for instance between Indianapolis E. and
Lawrence and between Lawrence and Fortville and in Anderson.
Since all of the cars are of about the same weight and equipped in
the same way, it is quite evident that cven in the local runs much
could be done to improve the character of the operation, espe-
cially if the motormen were carefully instructed in the detail
handling of their cars.

The values given in the maximum column are the exception-
aily high values. They reach a total of 173.6 k.w.h. TLis value
is in excess of any of the east bound trips given in Table I. and is
cven higher than the power required by car 254 in trip 29, which
is in itself 25 per cent. higher than the average of all the eastern
trips for that day. The run of car 254 indicates the degrce
to- which very bad conditions are sometimes approximated.
Any motorman who should continually operate his car making a
demand as high as the maximum values given in Tables V. and
VI., that is 173 to 180 k.w.h. per trip, should be discharged.

The minimum value per trip given in Table V. of 95.1 k.w.h. is
16.5 per cent. less than the minimum for-any local trip in Table I.
and is even 1 per cent. less than the minimum consumption, 96
k.w.h., made in the best eastern trip of a limited car. Ninety-
five k.w.h. is therefore probably less than the minimum value
that any.car will ever take in a local trip between Indianapolis
and Muncie. This is 49 per cent. less than the average and 83
per cent. less than the maximum k.w.h. consumption per trip
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given in Table V. In all of the values given in Table V. it is
quite noticeable that the difference between the minimum and
the average is less than the difference between the average and
the maximum. This indicates that the motormen, in general,
handle their cars creditably.

The composite presentation of the data of all west bound trains
given in Table VI. tells much the same story as does Table V.
The best performance per trip of 93.3 k.w.h. betters the best per-
formance of Table V. as does also the best performance of car
260 west bound better its best performance east bound. In the
same way the maximum of 179.9 k.w.h. is greater than the
maximum for the total trip of Table 5. Car 260 shows this
same result; the western maximum per trip being 2 k.w.h.
larger than the eastern maximum per trip.

There would therefore seem to be something in the contour of
the road which develops greater irregularities in operation when
cars are running west than when they are running east. These
conditions are not very marked yet sufficiently so to be notice-
able. They cannot be traced especially to the cities as against
interurban operation. At the bottom of Tables V. and VI. the
urban and interurban power consumption is separated and for all
of these results the minimum and maximum values of Table VI.
are respectively less and greater than the minimum and maxi-
mum values of Table V.

The urban and interurban data, however, bring out very
clearly the fact that within the city limits the car consumption
per car mile is considerably greater than in running through the
country. The maximum values for city service run as high as
7.6 k.w.h. per car mile and average 5.88 k.w.h., whereas in the
country the maximum value either east or west does not ex-
ceed 3.45 k.w.h. per car mile and average not more than 2.87
k.w.h. per car mile. The values given in the column of averages
show best the relative performance of cars in urban and inter-
urban service. During the east bound trips the urban cars on
the average consumed 17 per cent. of the energyrunning 10.4
per cent. of the distance, their power consumption in the cities
per car mile being on the average 74 per cent. in excess of what
it was in the country.

In Table VI. it is shown that while running but 10.4 per cent.
of the distance in the cities, the west bound trains consumed 15.5
per cent. of the energy; . their car mile consumption being 60 per
cent. higher in urban than in interurban service. To make the
comparison between the average energy consumption of the cars
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when east and west bound more complete,; the average values are
brought together in Table VII. This table shows that trains
running east and west require approximately the same power
when running through the cities, the greatest variations occurr-
ing in the interurban service.. The run between Daleville and
Yorktown is most noticeable in this respect, power consumption
going west being 43 per cent. greater than the average power con-
sumption of trains going east. The general averages given at the
bottom of the page show quite clearly that the local trains
require under average conditions the same amount of power
whether running eastward or westward.

Passing from the local trains, we have gathered together in
Tables VIII., IX. and X. a comparison of the performance of all
the limited trains in service. The most noticeable thing in con-
nection with the data here given is that the variations in the
energy consumption per trip in the limited service are very much
less than those in the local service. As between the different
runs by limited cars, the tables show again that the differences in
the consumption of east bound trains are less than the differences
in the consumption of west bound trains. It will be remembered
that the same notation has been made in discussing the perform-
ance of car number 260 as that of all the local trains. The
minimum possible energy consumption per trip whether east or
west is 95 k.w.h., or practically the same as that given for the
local trains. The fact that the limited runs show up so much
better than do the local runs is undoubtedly due to the number
of starts in the limited trips being very much less, the limited
cars having the right-of-way and the best motormen being in
charge of them. These three items taken collectively account
for a great deal.

It will be noticed by reference to Table VIII. that the energy
consumption by cars between Indianapolis East and Anderson
West is practically the same and that there is but 25 per cent.
difference in the energy consumption when the cars are running
between Anderson East and Muncie West. It must be remem-
bered that this percentage indicates the maximum difference that
occurred between any two cars at any time.

The variation in the energy consumption of the cars running
through the cities does not vary in excess of 50 per cent. between
the maximum and minimum values. Whereas, it will be remem-
bered that in the.case of the local cars.differences as great as 300 .
per cent. are recorded: - The maximum urban eonsumption-per
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TABLE VIIL.
(See Tables V. and VI.)

CoMPARISON OF AVERAGE LucAl CarR CONSUMPTION OVER CERTAIN SECTIONS OF THE LINE.

Average Consumption.
Section. Dﬁ:m K.W.H. Between Stations  K.W.H. Per CarMile.
East. West. East. West.
Indianapolis ........
P 3.5 11.9 11.5 3.50 3.38
Indianapolis E. .....
7.4 18.9 15.5 2.56 2.15
Lawrence ..........
11.4 22.8 24.2 2.0 2.12
PFortville ...........
2.8 7.1 6.6 2.53 2.38
Ingalls. ............ .
4.7 9.5 10.6 2.02 2.26
Pendleton ..........
8.0 19.8 19.2 2.47 2.40
Anderson W. .......
. 1.2 5.3 4.4 4.42 3.66
Anderson E
. 6.5 12.4 13.7 " 1.91 2.10
Daleville............
5.1 8.7 13.1 1.1 2.37
Yorktown ..........
. 4.7 10.4 10.8 2.21 2.29
Muncie W. .........
. 1.3 5.2 5.2 3.99 3.99
Muncie..........
TorAL TRIP ........ 56.5 132.0 184.0 2.34 2.87
TotaL URBAN ...... 5.9 - 22.4 21.1 3.79 3.57
FotAL INTERURBAN . 50.7 110.4 113.8 2.18 2.24

TABLE VIIIL
LiuiTep CAR CONSUMPTION POR VARIOUS SECTIONS OF LINE.  East Bounp

K.W.H. Between Stations K.W.H. Per Car Mile.

Station. Distance
Miles. Min. Ave. Max. Min. Ave. Max.
Indianapolis .....
Po 3.4 8.1 8.7 10.3 2.38 2.56 3.03
Indianapolis E. ..
34.4 56.5 58.0 59.9 1.64 1.69 1.74
Anderson W. ....
A E 1.2 3.4 4.2 4.8 2.84 3.80 4.00
A 16.3 24.0 28.5 30.6 1.47 1.75. 1.88
1.3 3.0 3.6 4.4 2.31 2.7 8.88
Muncie........ .
ToraL Trp ..... 56.6 95.0 103.0 110.0 1.68 1.82 1.04
ToraL UrBAN ... 5.9 14.5 16.5 19.5 2.46 2.80 3.3
TotalL INTERUR-
BAN .. .cenee 50.7 80.5 86.5 90.5 1.59 1.71 1.%
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TABLE IX.
Lnarep Car CONSUMPTION POR VARIOUS SECTIONS oP LINg. Wgest Bounbp.
Miles | K.-W.H. Between Stations. K.W_.H. Per Car Mile.
Station.
Min. Ave. Max. Min. Ave. | Max.
Muncie..........
. 1.3 3.5 4.4 5.1 2.49 3.38 3.92
Muncie W. ......
16.3 27.1 29.9 32.3 1.68 1.83 1.98
Anderson E. .....
1.2 3.9 4.6 5.3 3.28 3.84 4.42
. 9.9 16.9 19.6 22.8 1.71 1.08 2.31
Siding 15......
. 7.6 13.5 14.9 16.5 1.78 1.98 2.17
Siding 19.....
. ) 16.8 16.7 25.0 33.0 .99 1.49 1.96
Indianapolis E.
A 3.4 8.9 11.2 13.9 2.61 3.20 4.09
Indianapolis . ....
ToraL Trip ..... 568.6 90.5 109.6 128.9 1.60 1.94 2.28
ToraL UrBaN ... 5.9 16.3 20.2 24.3 2.76 3.60 4.12
ToraL INTERUR-
BAN ........ 50.6 74.2 89.4 | 104.6 1.47 1.77 2.07
() TABL X.
(See Tables 8 and 9.)

CoMPARISON OF AVERAGE LiMiTED CAR CONSUMPTION OVER CERTAIN SBCTIONS OF THE LINE.

Average K.W.H. Consumption.
D.lL K.W.H. Be .Su\tio K.W.H. Per Car Mile.
ils. .H. Between ns| W.E. ile.

Section. ‘

East. West. East. West.
Indianapolis ........ -
Jods e B 3.4 8.7 11.2 2.56 8.29
TAnBpOTE B veees 84.4 58.0 59.5 1.60 1.78
Anderson W. .... .

1.2 4.2 4.6 3.50 3 84
Boooeees ) 16.3 28 5 2.9 1.75 1.8

Muncie W. ......... ) ’ ) :

. 1.3 3.8 4.4 2.77 3.38
Muncie......oo.n0ee . .
ToraL TrIP ........ 56.5 103.0 100.6 1.82 1.94
TSTAL URBAN ...... 5.9 16.5 20.2 2.80 3.60
ToTAL INTERURBAN . £0.6 86.5 89.4 1.71 1.77

TABLE XI.
PErsoNAL FACTOR oF MOTORMEN.
Locar Runs.
East. West. .
Total K.W.H. Total K.W.H. Trips.

Min. |Average| Max. Min. |Average Max. | East. | West.

116 121 126 124 129
122 131 138 119 124
113 123 131 126 134

112
124 130 140 127 131
134

—
>
o«
-’g I WHWW i h®
8 | VDWW heD

|

|
122 135 148 114 125 l 136

!
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TABLE XI.—Continued.
Lmarep Runs.
Total K.W.H.
Name Min. Average. Max. Trips.
Motsie ........... 101 109 115 13
Pragzier . ....... 95 101 104 12
105 25
TABLE XII.
Lorat Ruw or Car 237
. =
EAST BOUND. WEST BOUND
(A) B (C D) ‘
§ K. W H (Rlot *Ratio. | Ratio Sc&lgoot K.(W.H
Station.  |Starts. B [+ ean Per |
Cgr - ISq Cur. —_ — | Sq.Cur. Car |Suru
Mile. A D Mile. |
- - - - f
Indianapolis . . I
12 3.27 49.6 21.9 | 14.6 49.5 3.30.. 12

Siding 27 ..... .

5 2.83 53.1 18.8 een d 6

T.awrence .. .

3 2.63 53.1 20.2 1.48 . 1

Oaklanden ...

1 2.12 40 9 22.1 3.01 ‘ 2

McCordsville...

2 1.91 43.1 22 6 .. 3.15% 5

PFortville ..... l

2 2 49 51.1 20.5| 23.9 34.7 1.45 | 1

Ingalls. .. .

] 2.39 49.2 20.6 | 20.1 44.0 2.19 | 5

Pendleton . . |

: 5 2.29 49.0 21.4 | 21.9 47.2 2.16 5

Anderson. |

7 2.98 50.4 16 9 | 23.7 55.0 2.32 3
Chesterfield. i
1 1.50 36.1 24.0 | 22.4 67.0 2.53 ' 2
Daleville |
1 1.90 41.4 21.8 | 23.2 54.8 2.36 2
Yorktown
. 8 2.84 48.9 17.2 | 20.2 54.3 2.69 '

M-ancie....... '

TotaL Trrp. .. 5 [ 2.48 48.9 14.7 | 21.6 49.0 2.27 " 48
KWH.pertonmile 8568 .....ococvitiiineennnereeninnnnannnnns 78.3
KWH.pertrip 140.2......c.c0itiiieitininiecrensncnnnannnns 118.3

An allowance of 45 00 tons.

is made per trip. at an estimated weight of 3.
*The nﬁnBou.‘E Dis Jz “fu. g tactorP whizh multiplied hv the KW H percat
mile g2+ * the square root . *he mean sque value of the L. =»nt flowing in .“* motor arma
ture. «."afe root of the mean square value of the runuing cui 2ot is the value Ul <he cur
rent to bemenmuhoptut
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car mile by the limited cars is 4.42 k.w.h. against 5.88 by the
local cars. The best urban performance shown by the limited
cars is 2.31 k.w.h. per car milé against 2.92 k.w.h by a local car.
The best average urban consumption for the limited cars is 2.8
k.w.h. on east bound trips against 3.79 k.w.h. by the local cars. In
general, therefore, at all points, the limited cars show better
handling, more uniform records, and records which are much
lower than the average of the local car performance. Occasion-
ally, however, as is pointed out, a car in local service will show a
better record over a short distance than will the limited cars.
The comparison of limited east and west bound trains given in
‘Table X.shows little difference between them. The consumption
of the west bound trains is uniformly slightly higher than that of
the east bound. This is a distinct characteristic of the traffic
over this system, as has already been pointed out. _
Another interesting phase of this subject is brought out by
the results which are given in Table XI. Here we have the work
of the different motormen given in terms of the minimum, average,
and maximum energy consumption of the cars in their charge
during the three days of the general test. The best trip going
east shows an energy consumption of 108 k.w.h., which is 43 per
cent. less than the highest car consumption, recorded 154 k.w.h.
It is interesting to note that these minimum and maximum
records were made by the same man, the average of his three
trips, however, is 126 k.w.h., which differs but by one per cent.
from the average of all of his east bound trips. These results
more than any others, bring out the fact that the variations in
the energy consumption in local service are chiefly due to condi-
tions existing at the time of specific runs. The average of the
first man going east is 8 per cent. higher than his average going
west. The average of the second man going east is 6.5 per cent.
less than his average going west. The third man shows the
greater consumption on his east bound trips; the fourth man the
greatest on his west bound trips, and, so on for the others.
Apparently, a motorman who so operates his car as to produce
a greater energy consumption on his eastern trips than on his
western, does so consistently, possibly, through some personal
idea as to the way in which his car should be conducted over
different portions of the road. For instance, the first man’s
minimum, average, and maximum is less on his western trips than
on his eastern; in the same way the work of the second man
shows that on his eastérn trips his minimum, average, and maxi-
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mum were consistently less than the minimum, average, and
maximum on his western trips. This condition holds true for five
out of the seven men reported as operating local cars. On the
west bound trips, Young made his minimum trip with 112 k.w.h.,
which is the least of all, and his maximum trip was 145 k.w.h.,
which is the highest of all. Here again we have the same man
making the best and the worst record, due in this case, probably,
as in others to local comditions existing at the time. From
observation of the way in which different motormen handled
their cars, it seemed that where indicating instruments were
mounted on a car, the general energy consumption of the car
improved. The ammeters, voltmeters and recording watt-
meters had not long been placed in the cabs of the different
cars before the motormen began to study the behavior
of their cars with different conditions of starting, and rivalry
sprang up among them which was very gratifying to notice, each
man trying to make his runs with the least amount of energy
consumption and the least maximum current indicated by his
ammeter. For this reason it is believed that the results which
are here reported show a performance over this system quite up
to, if not better, than the usual performance, owing to the fact
that the men were so quick to take advantage of the new condi-
tions. The test on the first day of the general series, April 17th,
has been presented here for the reason that the men were less
accustomed to the instruments and therefore working more
nearly under their usual habit. They were given no instructions
whatever for the handling of their cars and any change which
they may have made in operating them was entirely due to their
own ideas in the premises. In the case of the limited runs, results
are given for but two men; however, they are sufficiently great in
number to indicate quite accurately the character of their per-
formance. Frasier produced results with a less consumption of
power than did Motsie, his maximum and minimum being nearer
his average than in the case of Motsie. This would seem to
indicate that whereas in the case of any one man conditions
existing at the time of a run to a great extent modify the power
consumption of the car, nevertheless, a given man may be able
to operate his car under the same conditions as some other man
with a less energy consumption. These differences can be more
readily detected in the case of the limited runs than in the case
of the local runs, for the reason that variables other than those
of th: personality of the motorman are to a greater extent
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eliminated; the stops are less frequent, the speeds more uniform -
and conditions altogether less subject to change during different
SpeciaL CAr TEsTs.

The special car tests were undertaken with the special object
in view of ascertaining asto how nearly the car equipments were
being worked up to their rated capacity, inasmuch as the heating
of a motor, performing a given character of work, has all to do
with its capacity for accomplishing a greater or lesser amount of
this work. The first point to be considered in connection with
such tests is the arranging of adequate means for accurately
determining the cycle of current fluctuations and the ;cempera;-
tures of the windings and cores. In street railway service motors
are subjected to more variable conditions than are ordinarily to
be found in industrial plants, and, consequently it is very much
more difficult to predict the exact effect upon the motor of
operating it for propelling a car over a given road than it is to
predict the capacity of a motor for the handling of a certain load
in stationary practice. 4

To equip a car to make the necessary instrumental observa-
tions is no small task. In the case of the present tests, the
desired result was accomplished only after the experimenters had
experienced considerable trouble and overcome many obstacles.

In all, three cars were tested; numbers 237, 252 and 255. Car
number 237 has a total weight of 51,650 pounds, 38,150 pounds
being in the car body, trucks, etc., and 13,500 pounds being in
the electrical equipment; all of this weight came directly on the
driving wheels. As these cars are always operated in the same
direction and have, thercfore, the controlling apparatus stationed
at the forward end, this end weighed 650 pounds more than the
rear end. The motors of this equipment were geared in the
ratio of 30:52; the car wheels having a dianieter of 32% inches.
The car, as equipped, has a length of about 40 feet. This type
of car is used by the Union Traction Company chiefly on its
northern lines between Anderson, Marion and Elwood.

Car number 252 is of a type more common on this system and
has, in fact, already been described in part. It is 52 feet 6 inches
long. Its weight is 63,100 pounds, of which 50,300 pounds is in
the car body, motor truck, etc.,, and 12,800 in the electrical
equipment. Of this weight 40,300 pounds was carried on the
driving wheels. The motors were geared with a ratio of 20:51:
the wheels being 34} inches in diameter.
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Car number 255 is similar to car number 252 except that the
ratio Jf the gearing has been changed from 20:51 to 23:48. The
object of this change in the gearing was to determine the effect
upon the motors of working them up to a higher capacity and in
improving the schedule of operation of the cars.

In conducting the tests, each of the cars was in turn equipped
with a Thompson indicating wattmeter placed in the main cir-
cuit to indicate the power consumption. A specially calibrated
Thompson wattmeter was in addition arranged to indicate the
power lost in the field of one of the motors. The object of so
arranging this instrument was to enable a determination to be
made ofethe square root of the mean square value of the current.
In the case of each of the motors this instrument was adjusted
to meet the special requirements.

For ascertaining the speed of the car a small magneto generator
was used belted to the car axle in connection with a calibrated
voltmeter. In addition, definite determinations were also made of
the instantaneous value of the current, of the line voltage and
of the voltage at the terminals of one of the motors. Readings
were taken contmuously during any one trip, the trips extending
from Indianapolis to Muncie going east and from Muncie to
Indianapolis going west.

The cars were kept in the usual service of the road and an
effort made to prevent the tests from interfering in any way with
‘the normal operation of the cars. During times of acceleration
or retardation, records were made at intervals of about five
seconds, but at times of uniform speed the intervals between
readings were made of a longer duration, from fifteen to twenty
seconds.

Temperature measurements were made both by the increase
in resistance method and with thermometers. The temperature
measurements, however, were successful only to the extent of
determining the effect of the degree of average work to which
the motors were subjected.

In discussing the tests no attempt will be made to review the
results in detail further than is necessary to bring out certain
points which are deemed of interest in connection with the per-
formances of cars.

As of the motors tested those of cars 252 and 255 are most
important, their characteristics are given in Fig. 7. These motors
are of the type No. 50 C, rated at 150 h.p.

The running logs of cars 252 and 237, which were tested in the
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spring of 1902, are given in Figs. 10, 11 and 12, and also in Tables
numbered from 12 to 18. Table 12 is a summary of the results
of a test made upon car 237 in local service. From this data it
will be noted that columns A and D give the k.w.h. per car mile,
and contain values which do not differ materially from the
averages of Tables V. and VI. The east bound run shows an
average consumption per car mile of 2.48 k.w.h. and the west
bound run an average of 2.27.

1 T ] 4
] No. 50 C Railway Motor. " gé 5
o = Gearratio20toBl.  500volts 38 wheel '-gg E
; Tun closed - 190. Amp, at 300. voits, 115. A . volt
;o .i mé%{m:pm_-m. ':»' ..m“.."m. '.'3'“.?2’.."2.‘ &
) 3 0000 240
g I |
W » { 7 #5500 220
i AR /
230 100 50 ) 7 A/ 5000 20
25 90 4 \‘1 \‘E-'Hciency.mhou Gon, ,//
\ /-— Ei . 4500 180
Tk ——
200 80 40 5 4000 160
// \\g o e\ \3
\i s ﬁ -3
1 7 % 3y i 3500 140
\ N 1x) l
15 © 2 NC< IV 3000 120
1 50 B B — 2500 100
100 40 0 N2 "e'beruo T~~~ 2000 §0
. / \’oa P—)
/ \%
?
™ 0 15 7 ! 50 8
2
% 20 10 7 4 N e 1000 40
/ . Lo L%J
© 10 5 /A \r
/ %l&cnoc o R 500 20

0 50 100 150 20 250 300
Amperes
Curve Nu.25M0 W.E & M.Oo. 61901,

Fic. 7.

80 400 40 50

In columns B and C are given the determinations of the square
root of the mean square value of the current in the motors
between stations and for the total trip. The column headed
“ ratio of B/A " gives the ratios of the data in column B to that
in column A. In the same way the column headed ‘‘ ratio C/D
gives the ratios of the values in column C to the values in column
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Fi6. 3.— Motor Diagram, Car No. 237.
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D. That is, these columns give the ratio of the square root of
the mean square current to the k.w.h. per car mile. These ratios
give an indication of the proportional heating effect of the power
delivered from the feeders under the variable conditions of opera-
tion.

For present purposes, since the weights of the cars are known,
the ratio taken between the square root of the mean square cur-
rent and the car mile consumption gives an estimate of what may
be termed the running-factor of the car equipment. Should the
ratio be taken between the square root of the mean square of the
current and the k.w.h. per motor mile, the value obtained may be
termed the running-factor of a motor. The latter value is best

1992, |

o

= >
. et znew
¥ Ly g ~ 7 aee

adapted to purposes where it is desired to make comparisons of a
large number of motor equipments.

In the present instance it will be noticed that the running-
factors of Table XII. do not vary greatly in value; they remain
almost constant for runs between towns which may be consid-
ered as presenting anything like similar conditions of operation.

In Table XIII. we have a similar accumulation of data for a
complete round trip made by car 252. Here the ratios are much
more variable than are those in Table XII. This is due to the
fact that on this particular run car 252 was subjected to a very
unusual schedule, as in all 62 stops were made. The ratios
of the west bound run are much mo.e constant than
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TABLE XIII
Locar Rux or Car 252.
BAST BOUND. WEST BOUND.
) | ® © | o
KQN Root Ratio. |Ratio Root KWH
Station. Starts. B C Sch Starts
Sq.Cur. —_ - - Sq. Cur. Cu
'M:h. . D Mile.
1
! —_
:"";” - 8 | 420 | 97.5 | 23.2(33.0 | 85.5 | 2.59 7
L: & 2 8 | 345 106.0 | 307|380 8.0 234, 3
reace ~eeo| g | 3.32 [107.2 | 32.3|30.6 | 78.0- 1.97{ 1
"C'::'"'m' : 2 | 2.63 | 97.9 | 37.2 | 41.7 82.5 1.08: 3
P 3 6.30 | 95.0 150 | 41.0 . 97.0 2.37 4
l“‘ el g 0l yg2 | o84 | sr2|382 | o0 | 28| 2
tgalls. ... 2 5.73 | 124.0 21.5 [ 36.7  81.8 2.32 2
Pendleton ... 1
14 5.17 | 109.0 21.1 | 84.4 077.5 2.56 8
Anderson. .. .. |
6 3.52 | 8.9 28.1 | 46.7 | 95.8 2.05 4
Chesterfield... . |
2 2.74 | 128.0 6.7 [ 386.9  86.0 2.33 1
Daleville...... ! X |
Y 3 2.82 | 73.9 26.2 | 36.7 89 | 215, 3
° e 6 | 2.94 :116.1 39.5°(32.4 | 1064 | 3.2 6
Muncie....... | 1
TortaL Trip 62 3.12 | 98.4 31.5| 37.8! 921 | 2.44|
1 i !
K W.H. per ton mile, 89 . e eane 67.0
K.W.H. per trips, 176.2. .. ...ceei i e tieeenennenaaas 128.0

Annﬂowmeol“wum-depertnp.nmahm-tedmhtofz.oom
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TABLE XIV.
Limitep Run or Car No. 237,
EAST BOUND. WEST BOUND.
| @ | @ © |
KQNH S lgoot Ratio |Ratio .Root |[K.W.H.
Statio_. Starts. Per Mean B [+ ean Per
= Car {Sq.Cur. — —_ Sq. Cur. Car | Starts.
Mile. A D . Mile.
Indianapolis . .
o 10 2.86 49.5 17.3 | 19.7 46.9 2.38 6
Siding 27......
2 2.19 78.2 35.7 | 25.1 44.2 1.76 1
Lawrence .... !
(V] 166 37.8 22.8 | .
Osaklandon 25.9 31.6 1.22
) 1.61 | 35.5 22.0 °
McCordsville...
1 1.34 41.0 30.6 | 18.4 45.7 2.48 1
Portville ... ..
1 0 1.89 40.8 21.6 | 21.5 38.3 1.78 1
0 1.41 38.4 27.2 | 2.4 44.0 216 (]
Pendleton .
1 1.92 45.6 23.8 | 23.9 45.0 1.88 3
4 | 2225 | 803 | 387|206 | 510 | 2.00] @
Chesterfield
0 1.92 45.9 23.9 | 20.7 41.1 1.89 o
Daleville.. . ...
1 1.87 48.3 25.3 | 25.9 41.9 1.75 1
Yorktown .
1 2.23 50.5 22.6 | 2.23 53.5 2.40 3
Muncie.......
Totar Trie... 20 2.02 46.0 23.6 | 22.8 44 .4 1.96 16
KWH.pertnmile 690 8................00... e rereieenaea 67.5
K.W.H. per trip, 114.2. .. ciiiiveiiniennnn creecenesesacssanns 110.2

An aliowance of 30 passengers is made per trip, at an estimated weight of 2.25 tons

TABLE XV.
Liaitep Run or Car 252.
EBAST BOUND. WEST BOUND.,
A) B) (C D
K(WH Sq( Rt. | Ratio. | Ratio sﬂ ﬁz. K.W.)H
) Per Mean Cc ean Per
Station. Starts. Car |Sq. Cur. - - Sq. Cur Car Starts.
Mile. A D Mile.
Indianapolis .. .. ’
i 10 3.14 | 102.2| 32.6 | 30.0 | 84.1 | 2.80 4
Siding 27 ... . 22 | sas| srs | ®7| 28 1.83 2
iding 15...... . . . .
8 35:3 | 86.2 | 2.44 4
Anderson......... 3 2.37 | 88.1| 37.6 | 36.4 | 789 | 2.17 2
Muncie.........
ToraL Twip 18 2.32 | 87.2| 37.6 | 3.2 | 78.0 | 2.10 12
K.W.H. per ton mile, 67.5...... et eeee e, cereeeneeas 60.3
KWH. ber trip, 1310200 AR " 118.8

An allowance of 30 passengers is made per trip, st an estimated weight of 2.25 tons-
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those for the east bound run. During this part of the trip condi-
tions more nearly approximating the normal existed.

In Table XIV we have data bearing upon a complete round trip
made by car 237inlimited service. The chief differencestobenoted
here by comparison with thedata given in Table XII arethat owing
to the more uniform conditions of operation the ratios or running-
factors are very uniform indeed, departing in general only to a
slight degree from the total trip running-factors given at the
bottom of the table.

Table XV. is a statement of the results obtained on a limited
run upon car 252. Here it is seen that the ratios or running-
factors are also comparatively constant, except where the car is
operated within the limits of Indianapolis. Here the ratios are
reduced somewhat; this is common in all similar urban runs.
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For the purpose of presenting the data more clearly an ex-
panded statement of it is made in Table XVI. for the western
bound trip of car 237, mentioned in connection with Table XII.
Here the time between points, starts between points, distance
between points, average speed maintained between points, maxi-
mum speed between points, k.w.h. per car mile, running-factor,
the square root of the mean square of the current, maximum cur-
rent and minimum volts on the line between points, are recorded.
On this trip car 237 attained to a maximum speed of 43 miles an
hour running from Daleville to Yorktown. Between these two
points but one start was made and an average speed of 38 m.p.h.
was maintained. During this run therefore the maximum speed
was but 13 per cent. in excess of the average speed. Again the
data tells us that although the k.w.h. per car mile, 1.9, is low,
still, since the minimum voltage on the line is high, and the maxi-
mum current, 325 amperes, moderate, the conditions in general
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are favorable for an especially low square root of the mean square
current. Accordingly, the running-factor has a high value, 22.

On the run from Anderson to Chesterfield on the other hand,
the k.w.h. per car mile is 2.98 for a like distance of 5.1 miles, seven
stops were made and a maximum speed was attained of 42 m.p.h.
However, the average speed was only 20 m.p.h. or less than one-
half of the maximum speed. These conditions, therefore, have a
tendency to increase unduly the square root of the mean square
current value, which is brought up to 50. In this case, then,
owing to the fact that the maximum current is higher and the
minimum current lower than in the first case cited, and further-
more, owing to the fact that during periods of starting a good deal
of power is absorbed in the starting resistance, the k.w.h. per car
mile increases faster than the square root of the mean square
current value, and consequently we get a very low value, 17, for
the running-factor. Where a good equipment is considered, the
running-factor gives a fairly good idea of the conditions which
obtain.

In this test the maximum value of the running-factor, 46, is 15
per cent. higher than the average value. The minimum value,
17, is 15 per cent. lower. Frequent stops, other things being
equal, have the effect of lowering the running-factor. It is also
true that the maximum current attained and the average mini-
mum voltage under which the cars operate are important items in
modifying it.

In Table XVII. results are given similar to those recorded in
Table XVI. for a run between Indianapolis and Muncie of car
252 on local service. The number of stops made by car 250 on
this trip is high and on arriving at Muncie it was 23 minutes
overdue. The car consumption per car mile, 3.12 k.w.h., for
this run is the highest obtained at any time during the tests and
in itself shows the unfavorable conditions under which the car
was operating. It was frequently required to lay over on sidings
and in addition to make a great many intermediate stops. These
unfavorable conditions are shown by the excessively high car
consumption between McCordsville and Fortville, where a
maximum consumption per car mile of 6.3 k.w.h. occurs. The
average car consumption between these points, as shown by
Table V., is but 2 k.w.h. per'car mile. Again in running between
Ingalls and Pendleton we have 5.8 k.w.h. per car mile, against
an average vaiue again of 2 k.w.h. per car mile in Table V. We
also find that the average voltage at the motor terminals through
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TABLE XVIII.
VARIATIONS IN LINE VoLTAGE BETWEEN STATIONS DURING EAST AND WEST TRIPS OF CAR
No. 252.
Station. Line Voltage Going East. | Line Voltage Going West.
Mia Ave. Max. Min. Ave. Max.
h.\cl.:m-.:’oh; .............. 365 456 590 335 as 60
Siding 27....c0veennennnn 855 “e 585 310 “2 280
Lawrence .........cc0nnn.
350 475 580 350 453 540
QOaklanion ......ccuunenns
320 545 330 450 540
400 422 520 330 412 540
440 483 575 385 AS2 538
Ingalls. .....cov0nnnnnnnns 335 . 880 410 0 538
800 400 850 300 408 540
410 495 570 335 403 860
485 523 545 515 540 860
Daleville......coovennnnnnn 260 o1 860 250 3 578
. 380 457 565 475 406 885
Muncie.....ooooiuaa... .. .0
TABLE XIX.
TEuPERATURE R'se or Mortors PER Rounp Trre.
Temperature above Atmosphere, Degrees C.
Number of Car. Sq. Root
Mean Sq.
Current. Arm No. 1 | Arm No. 2. | Field No. 1. | Field No. 2.
252 83 43.5 57.5 41.0 83.5
253 23 ‘'45.0 5.5 38.5 48.85
Average. 4.3 58.5 89.7 &1.0
7 47 40.5 290 33.5 34.8
237 45 39.5 36.5 29.5 2.5
Average 46 40.0 37.7 31.8 32.0
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that this run was quite low, the average minimum being 320 volts
between Pendleton and Anderson.

It is not surprising therefore that the running-factor varies
considerably in these tests. The value for the trip is 32, which
is low for this car equipment ; normally it runs as high as 37. The
lowest value of the running-factor is 15 between McCordsville and
Fortville. This is less than half of what it should be. The high-
est value is 57, between Fortville and Ingalls, which is 35 per
cent, higher than it should be under normal working. The low
value, 15 is due to the fact that the maximum speed is not much
in excess of the average speed value, the maximum current values
relatively low and both the minimum And average voltage values
low, the former being 400 and the latter 422.

In the case of the run between Fortville and Ingalls, the maxi-
mum speed attained is nearly twice the average speed and the
voltage is high; also the average voltage and the maximum cur-
rent values are high. Low voltage invariably has the effect of
decreasing the running-factor, whereas high voltage increases it.
Notable examples may be taken for low values in the case of the
run between McCordsville and Fortville and between Pendleton
and Anderson. In these cases as shown in Table XVIII., the
average voltage was respectively 422 volts and 406 volts. Ex-
amples of high values in the running-factor occur between
Fortville and Ingalls, 57, and between Chesterfield and Daleville,
47. In these cases the average voltages were respectively 483
and 523.

It is not meant, however, that the voltage should be taken as
the only criterion for variations in the running-factor. The
number of starts, the maximum and average speeds and the cur- .
rent peaks also have much to do with it. In considering the
records of the-cars on these special tests it is not so much a matter
of surprise that variations should occur in the running-factor as
that under the variable conditions of actual service the running-
factor should remain for the majority of the runs so nearly con-
stant.

In Tables XIII. and XV. we see that during the east bound
local run of car 252, although 44 stops were made, the running-
factor does not vary materially from the running-factor given for
the limited runs on this car both east-bound and west-bound. Of
course during the limited tests the conditions which obtained
were fairly uniform and therefore uniformity in the values of the
running-factor should be expected. In the local runs this is not
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the case. However, Table XIII. shows that with variations in
the k.w.h. per car mile of from 2.54 to 2.15 or through a variation
of 18 per cent., the running-factor is practically the same.

A comparison of the values given in Tables XII. and XIV.
show even better results than these. In these tables it will be
found that numerous values of car consumption ranging from
1.61 k.w.h. per car mile to 3.27 k.w.h. per car mile can be picked
out, giving a running-factor of 22. This is a variation in power
consumption per car mile of over 100 per cent.

In making definite suggestions with reference to the ratio,
which for want of a better term has been called a “‘running-
factor,” it is not meant to bring it forward as more than a
means of getting some mental conception of what the conditions
were which obtained during the special limited and local tests.
When a large amount of data is accumulated, it is frequently a
matter of some difficulty to arrange it so as to admit of intelligent
comparisons being drawn between different sets of results, and
anything which enables one to obtain a mental grasp of the situa-
tion is to be welcomed.

That the running-factor should in most cases be fairly constant
under variable conditions of operation may be explained as
follows. At times when a car is starting the /2 r losses in the
windings are large, owing to the high starting current, and the
core losses low, owing to the low speed. Therefore during the
starting periods the I?r losses dominate among the variable
quantities in the measure of the total losses occurring in the
motor. When a car has attained speed and uniform conditions
of running have been reached, for instance on a level stretch of
track, since the current values decrease, the I? r losses fall to a
normal value and the iron losses rise to a normal value at the
same time. When operating under constant voltage the elec-
trical energy delivered to the motors from the line is proportional
to the current, but during the starting periods and when the high
points of the I? r losses are most important, the least amount of
electrical energy supplied is being effectively utilized by the
motors on account of the starting resistances and the fact that
the motors are working at a point of low efficiency. Conse-
quently, a temporary increase in the I? r losses means also a tem-
porary increase in the power supplied to the motors per unit of
distance traversed, and we have, in a crude way, the variations
in the power supplied per car mile following the variations
in the heating value of the current.
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Since the wattmeter connected in the field circuit gives the
square root of the mean square of the current values and the
wattmeter connected in the power circuit registers a value in
excess of the average power delivered to the motors, it follows
(curiously enough) that the ratios of the two wattmeter readings
taken under widely different conditions, in different cases, are
practically constant. Thisisaninteresting fact if not a valuable
one.

In comparing the running-factors of the two cars on the basis
of k.w.h. per motor mile, instead of per car mile, it must be
remembered that car number 252 is equipped with two motors
which operate in parallel under normal conditions; whereas
car number 237 is equipped with four motors operating in par-
allel under normal conditions. The running-factor values given
in connection with car 237 are therefore only one fourth as large
as they should be, and those given in connection with car number
252 only half as large as they should be for comparison on a
k.w.h. per motor mile basis. That it is fair to assume an equal
division of the current between the motors of the equipment of
car 237 is shown by the curves shown in Fig. 9. The data for
these curves were obtained during a special run to determine
the division of current between the motors of this equipment.
Although the division is not quite exact, yet it is sufficientlv
so for present purposes.

Following through the calculation, we find that the average
running-factor per motor mile of the motors of the equipment of
car 237 is 86.0 and the average running-factor of the motors ot
car 252, is 74.4. From this we would expect that for a given
schedule the motors of car 237 will heat up more than will the
motors of car 252 under the same conditions of service. This,
however, is not the case, as is shown in Table XIX., which gives
the temperature rise of the motors on both cars after single round
trips between Muncie and Indianapoiis.

From Table XIX. it is seen that the armatures of the equip-
ment of car 252 run about 14° hotter than do the armatures of
car 237 and that the fields of the motors of car 252 run about 15°
hotter than do those of car 237. This difference is more than
likely due to the fact that the smaller motors have greater radi-
ating surface per unit of power developed. In fact, the common
condition in motor design is that less trouble is experienced in
supplying sufficient radiating surface for smaller motors than in
supplying the proper radiating surface for large motors.
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It is interesting to notice that of the motors on car 252, since
No. 1 motor receives most of the breeze caused by the motion of
the car, it being the one nearest the front, temperature of
motor No. 1 is lower than of motor No. 2. In fact it has the
advantage of motor No. 2 by about 12°.

In the matter of economic operation, car 252 shows a higher
economy than does car 237. On the local trips car 237 con-
sumed from 78 to 83 k.w.h. per ton mile, the starts per trip being
48 and 50 for the two runs respectively. Car 252 during its local
trips showed a car consumption of 67 and 89 k.w.h. per ton mile,
the starts being 44 and 62 per trip respectively. Comparing the
trips, in which the number of starts are the same, car 252 shows
up the best. In the limited trips the same result is apparent.
As shown in Tables XIV. and XV., car 237 took an average of
68.6 k.w.h. per ton mile with an average of 18 stops for the two
trips, whereas car 252 consumed an average of 63.9 k.w.h. per
ton mile. The average number of stops of the latter car was 15.

The differences here brought out are not great, and a more
extended test of the two cars would probably show that in general
operation they have much the same power consumption.

In Fig. 10 curves are given to illustrate the rate of power con.
sumption of cars 252 and 237 on local runs between Indianapolis
and Muncie. No particulars that are especially worthy of note
are developed by these curves except that car 252 shows a more
uniform car consumption than does car 237, on both trips. When
the cars were bound east, car 252 consumed the greatest amount
of power whereas on the western trips car 237 shows a greater
power consumption. :

Inasmuch as the special tests made on cars 237 and 252 devel-
oped the fact that the limit of adhesion had not been approached
in any of the tests, one of the equipments (car 255) of the type
used on car 252 was furnished with a new set of gears making the
gear ratio 23:48 instead of 20:50. The conditions under which
car 235 was operated makes it difficult to compare its perform-
ance with that of either the limited or local runs made by the
regular cars. The record of the tésts of car number 255 discussed
here was taken during a complete round trip. The instruments
and observers were arranged in substantially the same manner
as for the other special tests and the results of the test over the
distance from Muncie to Anderson are plotted in Fig. 13. In
Figs. 11 and 12 curves are given for local tests on cars 252 and
237 over the same distance. These curves make the relative per-
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formance of the different cars apparent without undue explana-
tion.

Under the ordinary conditions of local service starts are
made about once in every one and one-half miles. In the test
trip of car number 255, starts were only made at the principal
towns along the route. In comparing therefore this test with
the special tests of car number 252 we find that in local service
car number 252 made less starts than did car number 255, and in
limited service made more. A resumé of the performance of cars
255 and 252 is given in Table XX. From this table it is wvery

TABLE XX.

CoMPARISON OF Car TBSTS.
Numberofcar........ocoiiinieinanrannnnnnn.n. 255 252 252
Service. westbound.............c.oiiiiiue oo .. .| semi-limited | local limited
Weight ettt eteaan et 63.100 63.100 63.100
Gear ratios........... 23. 2051 20 51
‘Total time trip, min. 122 156 126
Time urban work, min. 44 40 34
Time interurban work m 78 116 92
Average speed for trip, m.p.h 28 22 27

verage u: 8 I N - 8 - T 8 9 10
Average interurban mph cees 30 26 33

otalstarts. ... ..iiiiiiiiinr e ianas v ieaea 18 44 12
Urbanstarts. ........coitiiiiiiienrercenrsaneann b5 15 7
Interurban starts. .. .. . 13 29 5

imum speed, m.p.h 64 52

Running speeds..... 40-45 40-45
Runmng currents. . I;g 185 }9 o

Irain resistance correspon . .
‘Time to reach 25 m.p.h. . 30 30
Acceleration current. max. series. . i e 280-340 200-300{ 200-300
Acceleration current, max. par.. 320-540 250-300 | 250-300

ption, k.w.h., p.c.m.. west. . 2.20 2.44 2.10

Consumption k.w.h., p.c.m..east....... . 2.38 2.80 2 32
Sq. root mean sq. current. west . 95-6 92.1 78.0
Sq. root mean sq. cuﬂent.east 105.5 98.4 87.2
Running factors, west. 43.5 37 8 36.2
Running factors, east. . . . 43.3 31.5 37.8
Average voltage, west. et ereeaeeen 485 429
Total consumption k.w ha west. ... 124.9 138.0 118.8
Total consumption k.w.h.,east..................... 134.3 176.2 131.2

evident that the change in the ratio of the gears produces a car
capable of very much more efficient operation, in that its con-
sumption per car mile is about the same as that of car number 252
whereas the speeds attained and maintained by the car are very
much in excess of the local and limited service performance of
car number 252. In this special run car number 255 maintained
an average speed of 28 m.p.h. between the stations in Muncie and
Indianapolis. Car number 252 maintained an average speed of
22 m.p.h. in the local service and an average speed of 27 m.p.h. in
limited service between the stations in Muncie and Indianapolis.
If tl.e time during which the cars are passing through Muncie,
Indianapolis and Anderson is deducted, we find that the average



218 GOLDSBOROUGH AND FANSLER. [June 30

speed maintained by car number 255 during the interurban run
i8 39 m.p.h., making 13 interurban starts. In the local interurban
run of car number 252 an average speed of 26 m.p.h. was main-
tained, making 29 starts; and in the limited run of car number
252, an average speed of 33 m.p.h. was maintained with only five
starts. Car number 255, therefore, excels the performance of
car number 252, although car 252 was running under better
schedule conditions in view of the less number of starts, made by
it. In fact, in spite of the greater number of starts car number
255 made the interurban run outside of the cities in 78 minutes,
whereas it took car number 252 in the limited service 92 minutes
to make the run, and in local service 116 minutes to make therun.
Since the square root of mean square of the current does not
differ greatly from that shown by car number 252, the tempera-
ture of the motors working under the new conditions is not carried
above a good allowable working value. The increased economy
developed by this car is nothing short of remarkable, and it
brings out very strongly the value that will accrue to any system
in which careful adjustments are made of the car equipments to
the work which they have to perform.

The earning capacity of the car in view of its ability to make
the greater number of trips a day with the same crew is
greatly increased by this change in the gearing and it is altogether
a better machine as gauged by engineering and economic stand-
ards.

The running-factor of car number 255, figured on the car mile
basis, is 48 for the west bound trip and 40 for the east bound trip.
Calculated on ine basis of the motor-mile basis, the average run-
ning-factor for car 255 is 86.8. Comparing this running-factor
with those for cars 252 and 237, it is quite evident that the change
in gearing has markedly influenced the running-factor of the
motors raising it from 74.4 up to that of car 237;4.c., 86.0. This
is due to the fact that we have here a higher current consumption
for a shorter time, thereby getting a higher square root of mean
square value with approximately the same power consumption
per motor mile, since under ordinary circumstances the voltage
is approximately constant.

In comparing the train resistance of these cars, we find that
when car number 255 is running at uniform speeds of from 50
to 59 m.p.h., showing an average of 55 m.p.h. at 554 volts and
143 amperes, the train resistance amounts to 27.9 pounds per

ton. In the case of the tests of car number 252, the car main-
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tained speeds of from 40 to 45 m.p.h., with a current consumption
of about 145 amperes. This corresponds to a train resistance of
about 19.9 pounds per ton.

The acceleration of the cars over this system does not differ
very much from that common to steam roads. Cars 255 and 252
required from 30 to 31 seconds to attain a speed of 25 m.p.h. and
very frequently a longer time than this was required, especjally
by car number 252. The rate of acceleration developed during
the tests varied in general from about .4 to .9 m.p.h. per second.
A maximum acceleration as high as 1.0 was attained occasionally
on down grades, the minimum acceleration being about .25
m.p.h. per second.

The train records given in Figs. 12 and 13 are chiefly of interest
in bringing out the fact that on this particular system low rates
of acceleration exist largely through necessity. Where power
is transmitted at 500 volts over considerable distances, an enor-
mous expenditure in copper is necessary if high rates of accelera-
tion are to be maintained at starting by cars remote from the
substation. With the feeder distribution system of the Union
Traction Company, a heavy current demand has the effect of so
reducing the voltage at the cars as practically to limit the maxi-
mum obtainable rate of acceleration.

Comparing Fig. 13 with Figs. 11 and 12, the apparent ease
with which car 255 attains to speeds running up close to 60 m.p.h.
is quite remarkable. The average running speed of car number
252 being but little above 40 m.p.h.

APPENDIX.

It would be an unwarranted omission should this series of
papers on the tests of the Union Traction Company, of Indiana,
be closed without acknowledgement being made to the students
of Purdue University who bore the burden and brunt of making
the records during the three days of the general test.

In order to give these young engineers as varied experience as
possible, a schedule was arranged whereby the men working
in eight-hour shifts, eight hours on and eight hours off, would
not have the same work to perform during any two working
periods. Accordingly, a man who was on duty in the Anderson
generating station during the first shift, might be in the Marion
substation during the second shift, and, on an Indianapolis-
Muncie division car during the third shift. The men were re-
quired to move from one station to the next during their relief
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time, and, also, to get their meals as well as sleep during this.
time. Frequently they had to sleep on cots in the substations,
and, at times, on floors. Occasionally, owing to some disarrange-
ment of the car service, a man was delayed in reaching his next.
post of duty and the observer whom he was to relieve had to
work from 12 to 14 hours at a stretch. The men went through
this trying ordeal without loosing records at any point and with-
out a man having failed to report for duty at the scheduled time,
except for causes beyond his control. The roll of the men who
did this work and did it well, is as follows:

Sentors in Electrical Engineering Having Charge of Parts of the

Tests.
J. P. DINSMORE, F. B. HOPFT, D. H. WILSON,
J. P. DOSTAL, C. HOLLINGSWORTH, L. M. ZAPP,
W. B. GREGG, R. A. PETICOLAS, 0. C. STEIN,
C. E. REID.

Sentors in Electrical Engineering.

C. E. ADAMS, J. C. HUFFMAN, A. E. WOOD,
E. D. FRISTOE, N. F. ROBERTS, J. W. DEITZ.
B. M. MERRILL, F. B. WILKERSON,

Sentors in Mechanical Engineering.

E. DAVIS, J. S. TATMAN, C. B. VEAL.
T. W. NEWBURN, E. N, DASHIELL,

Sentors in Civil Engineering.
L, W. DINSMORE,
W. H. LANE.

Funiors in Electrical Engineering.

JUDSON BOUGHTON, W. M. HOEN, D. R. WATERS,
W. C. BRITTEN, c. p. Jov, H. WEAVER,
B. C. CONSTABLE, F. W. JUDSON, R. M. BRET,

I. B. CORNS, J. R. MCCONNELL, F. S. DENEEN,
C. 0. DALE, J. K. OSTRANDER, W. THORN.

R. C. DIETZ, W. T. SMALL,

1. HICKMAN, 0. P. SMITH,

J. B. HILL, W. C. STARKEY,
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Funiors in Mechanical Engineering.
T. M. ANDREW, A. R. KELLEY, R. E. CLISBY,
H. D. HARTLEY, J. H. PHLOEN,

Sophomores tn Electrical Engineering.
R. W. HARRIS,
A. W. JOHNSON.

Sophomores in Mechanical Engineering.
1. E. ARTZ, | A, F. BERGER, C. R. MISNER.
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DiscussioN oF ‘‘ INTERURBAN CAR TEesTs,”” COMMUNICATED BY
E. P. RoBeErTs aND I. H. SHERWOOD.

CAR TEsTs oN NORTHERN TExas TracTiON COMPANY.

Numerous tests were made by Mr. Bret Harter of the inter-

urban cars which were of three types, namely: (1) Standard inter-
urban passenger car, (2) Larger and special parlor car, and (3)
package frieght car, with and without trailer; and comparisons
are given of the results obtained under different conditions of
operation. ~

A description of the various cars and their equipment is as
follows:

Car. No. 1 & No. 7. SAGAMORE. No. 12. No. 9
Type.............|Standard closed |Interurban Par- JStandand Inter- |15-Bench Open
Interurban lor Car. url X- Interurban
Passenger. Kprcss Trailer.
Make............. Kuhlman. Kuhlman. uhiman. Kuhiman.
hoverall.... 44’ 5" 59’ 6" 40’ 0" 45’ 8°
Width.......... . 8’4" 8’5" 8’4" 8’0"
Total Weight in
Tons, Car and
Equipment...... 25.4 31.0 20 17.4
Number Motors..... 4 4
Make......... Westinghouse. | Westinghouse. | Westinghouse.
Mfg. No.. .. 56 76 56
Gear Ratio. . .. 32-50 24-58 24-58
Controllers. ..... .. K14 L4 K 14
No. of Trucks...... -2 2 2 2
ake............. McGuire. Brill. McGuire. McGuire
Mfg. No.......... 35 27 35 40
Dia. of Wheels 33" 33" 30"
Wheel Base. . .6’ 6’ 6’ 4’3"
'li‘dake Brake. . CDltu . (I:hé 3 (Iihéistensen. (iummm
" . rect Acting ndependent n ent ick Acti
e Storage Air. Direct Acting guic Acting ptomatix:m8
1r, A_utomatxc r '
ir.

The dates of the test and weather conditions, etc., were as
follows:

Date, 1902. . .. 9/16 9,17 917 8/19 9/22 9/24 11/14
Car.......... 1 1 1 Saga- 12 12and 9 7
more.
Trp.......... 1§ 1 1 1 1and 2 1 land 2
Direction.....| E&W |E&W |E&W |E&W |E&W |E&W |E&W
Weather...... Clear. C}{oqdy Clear. Clear. Rain. Clear. Clear.
ain
allas
end.)
Temperature. . 90° 85° 85° Warm. Cool. Cool.
Rail.......... Dryand | Dryand | Dryand | Dry and | Wet and | Dry and | Dryand
clean. clean clean. clean. clean. clean. clean.
except Dallas Cities
Dallas. | end wet slippery.
clean

In Ft. Worth, the interurban cars make a run of approximately
1.8 miles where high speed cannot be made; the terminus being
at the court house.
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In Dallas there is a distance of 4.1 miles of city track where
slow speeds are required, and this is down grade, averaging
possibly 1 per cent. Dallas is approximately 200 ft., lower
than Ft. Worth.

DetaiLep Lo or Run.

The following is an example of a portion of a log and is pre-
sented merely to indicate the general character of the observa-
tions made.

Time. | Place. Track. Position |Miles Amp. | Volts. Watt Remarks.
Con- per hr.
troller. Rendmgs
1232 26.5 §S.1 [} 0 600 | 4299600/ Coast to
37 24 0% S 60 576 24
23.5 S 35 50 578
38.5 | 23 0.14% + S 26 70 570
22.3 | 1.3 %+ S 25 80 525
41 22 0.17%+ S 28 60 535
0.15%+ S 28 50 500
42.75 21 0.7 %+ S 50 485
0.7 %+ S 75 600
20.5 | 0.07%+ 0 0 625 Co%tlh
4.5 GP. 0.07% + [} 0 0 610 | 4305000, Stop
45 G.P. | 0.07%+ S 80 530
46 20 0.4 %+ S 80 530
19.9 1.0 - P
19.3 1.6 %+ P 40 175 450
48 19 0.6 %- 0 0 0 630 Met a
49 19 P 250
50.5 | 18.56 | 0.2 %+ P 35 190 440

See Tables I, II, III, IV.

Comparing Tables No. 1 and No. 2 it will be noted that the k.w.
hours per car mile is greater .0’ the entire run than for the high-
speed portion only, and this is due to the greater number of stops
in the towns and running on resistance. The average k.w. is less
for the entire run than for the high-speed portion and this is due
to the slower speed in towns, running on series.

The following illustrates this point:

T. & P. CrossiNG 10 Oax CLirr, INTERURBAN RUN.

Car ...oooviiiiiinins No.1%. | Sagamore. | No 12.]| 12& @ |N0.7 No. 7.

Rateof runinm.ph.. .| 29.3 29.3 27.3 | 22.3 23.5 | 21.5
K.W. hrs. per mile ....| 2.03 2.07 1.76 | 2.73 1.01] 1.66
Watt-hrs. per ton mile..; 75.0 62.7 81.7 | 64.5 78.5 | 64.8
Average KW. ........ ‘u 50.4 | el | 478 | 610 , 45.0 | 45.8

PFr. WorRTH TO DaALLAS, ENTIRE RUN.

Car oevnennnnnn e No. 1. [Sagamore |No.12. INo.12t[12& 9 | No.7. | No.7.
K.W.Hrs.permile ....| 2.16 | 2.15 | 1.8 | 1.81| 2.81 | 1.04| 1.7
Watt Hrs.pertonmile.| 707 | 65.2 | §7.2| s2.2| 66.2 | 75.7 | 6.7
Average KW. ........| 481 | 527 | 37.7| 421 s6.4 | 35.6| 268

® No. Average of run of 9/17 Tables 1 and 2.
112~ 12& 9, Average of run. Ft. Worth to Siding 29



224 ELECTRIC RAILWAYS. _ [June 30

ComparisoN oF REesurts or Tests or Car No. 1.

Test of September 16th was with motors in parallel as much as
possible, including hill climbing. Obtained high speed but more
energy per car mile ascompared with subsequent tests made Sep-
tember 17th, when the controller was handled more efficiently, and
the car allowed to coast, though the speed was not quite as high.

Car No. 7.

Practically the same as No. 1.

The object of the two trips was to note a comparison of the
effect of stops. The first trip having a considerable number and
the second comparatively few, the result in k.w. per car mile is
materially in favor of the second, especially on the west bound
trips, where the time of the run is almost the same, but the stops
almost three times as many. See Table I.

Also note Table II., which shows the effect of stops on the high
speed run, where the result is very marked. Also note Tables
II1. and IV. Comparing No. 1 and No. 7 and the first test of
September 17 of No. 1 and of November 14th of No. 7, there being
about the same number of stops, shows that car No. 1 took more
k.w. per car mile but the schedule speed was higher, whether the
difference is entirely on this account we are not prepared to state,
as there were many other circumstances which might affect the
results, such as condition of the track, motorman,.etc.

Private CAR ‘‘ SAGAMORE.”

It will be noted that the *‘ Sagamore "’ makes practically the
same schedule speed as the regular passenger cars, but it could
not do this and make as many stops as the passenger cars are
capable of making, for the reason that it is not geared for the same
high running speed. Gearing for slower speed tends to efficiency
of operation, but whether the materially better results obtained
for the * Sagamore " in watt-hours per ton mile was entirely due
to the gearing, is at least questionable. It will be noted that the
k.w. hours per mile was about the same as for Car No. 1 for
tests made on the 17th (and comparisons should not be made
with tests made on the 16th because of special conditions of such
tests). It should be noted, however, that car No. 7 gave better
results in this respect than No. 1, and lower actual figures than
the * Sagamore,” but the watt-hours per ton mile were lower for
the * Sagamore "’ than for No. 1, or even for No. 7, on test of
same with the fewest number of stops.

Car No. 12,

Car No. 12 s a slightly lighter car than No. 1, and has the same
motors as No. 1, and the same gearing as the ‘““Sagamore.” The
k.w. hours per mile for the total run shown on Table I. was high,
and with reference to Table IV., it will be noted that this was
especially due to the run in Oak Cliff and Dallas. This car not
only has frequent stops, but, owing to the character of the busi-
ness, namely, taking up and discharging freight, it shifted back
and forth at the sidings. etc., so that the results should not be
~ompared on the same basis as obtained by other cars.
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Theeffect cf adding a trailer on the k.w. hours per mile and the
watt hours per ton mile is very marked, both on the entire run as
given by Table I. and for the portions of the run as given by
Tables II., III. and IV. the reduction in watt-hours per ton-mile
being very considerable.

In connection with the above it should be noted that the
average k.w. for the entire run (see Table I.) for the regular
passenger cars is less than 50 k.w. (omit test of September 16th,
which was intentionally made under uneconomical conditions).
Therefore, if the average efficiency of the motors was 75 per cent.,
the average output of the motors was slightly less than one-
quarter of their rating and it should also be noted that this does
not include time for lay-over, which gives opportunity for cooling.
Each motor is rated at 55 h.p.

[CoMMUNICATED AFTER ADJOURNMENT BY MR. A. H. ARMSTRONG}

In commenting upon the very admirable paper brought out
by Messrs. Goldsborough and Fansler, one point strikes me as
rather inconsistent, and that is the elaborate methods taken to
secure and make use of the square root of the mean square cur-
rent per motor. As the chief object of the tests seemed to be to
obtain this value, it is interesting to note what use is made of it.
To this end Mr. Goldsborough has constructed a new term which
he calls the ““ running-factor,” this being the ratio of the square
root of the mean square current per motor to the kilowatt hours
per car mile. The term has no rational reason for existence, as
obviously this ‘‘ running-factor ” or ratio will vary widely,
depending upon the kind of service and will in no way serve as an
indication of whether the proper motors are used, whether the
gearing is correct, etc. It is obvious that the kilowatt hour per
car mile depends largely upon the gear ratio used, and the rate of
acceleration chosen for a given schedule and frequency of stops.
With the series-parallel controller, a service calling for much series
running will considerably affect the kilowatt hours per car mile
without in any way affecting the square root of the mean square
current. For long runs there may be some similarity in the
values obtained for this ‘‘ running factor,” but the results cannot
be used in any comparative sense, have no direct bearing upon
the fitness of the equipment for the work, and not in any way
indicate the heating of the motors. The term seems to me to
complicate an otherwise rather simple problem without in any
way furnishing additional accuracy. The use of the ‘‘running-
factor ”’ term ignores the possible efficiency of acceleration of the
motors. This efficiency of acceleration is the ratio of work done
by the motors to the energy input of the car or train, and will
vary from 40 per cent. to as high as 75 per cent. or 80 per cent. on
the longer runs. The square root of the mean square current is
not at all affected by the efficiency of acceleration of the motors,
and hence any conclusioris drawn from the ratio of square root
of the mean square current to the kilowatts per car mile input
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must necessarily show considerable variation, due to the variable
efficiency of acceleration of different lengths of runs.

Mr. Goldsborough noted a considerable variation in energy
sonsumption on the shorter runs. I believe this was largely due
to the fact that the method of taking ampere time curves was not
'well adapted to very short runs when the accelerating current
forms the greater part of the total ampere input. Some time ago
at Schenectady we were met with this same difficulty and some of
our engineers advised a recording voltmeter and ammeter which
gave the current reading at every instant, thus eliminating the
personal element of the observer and giving much more accurate
results than can be obtained with either two second or five
second readings.



A paper presentsd ai the 20th Annual Convention of
the American Institute of Elscirical Engineers,
Ntagara Falls, N 'Y.. June 30, 1903.

SOME RECOMMENDATIONS CONCERNING ELECTRICAL
AND MECHANICAL SPECIFICATIONS OF TROLLEY
INSULATORS.

BY SAMUEL SHELDON AND JOHN D. KEILEY.
INTRODUCTION.

At present there appears to be no standard basis for comparison
of the relative merits of insulators which are supplied for use in
ordinary overhead trolley line construction. It is obviously
desirable that there should be a definite basis upon which a
proper selection can be made.

With a view to formulating specifications of such materials,
it was found necessary, on account of the lack of published data
on the subject, to conduct a series of tests to determine the
electrical and mechanical properties of these materials. The
tests were made upon samples obtained in the open market from
the stocks of well-known manufacturers. Some of the results of
these tests are given below and recommendations concerning
specifications of certain types are appended.

Determinations were made of the tensile strength of the
samples, of the voltage necessary to perforate the insulation or
produce an arc between conducting parts, of the mechanical
softening temperature, and of the relative magnitudes of the in-
sulation resistances.

TENSILE STRENGTH.

These tests.were made in the usual manner, the samples being
pulled apart by means of a Riehle 30,000 lb. universal machine.
U-shaped pieces of round steel were passed through the metal
eyes of such samples as globe, Brooklyn strain, and terminal
strain insulators, and were clamped in the jaws of the machine.

231
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The insulated bolts were passed through a properly sized hole in
a steel plate. The threaded end was connected with a steel
eyebolt by means of a steel threaded sleeve, and the tension was
exerted between the eyebolt and the plate. The results obtained
from breaking the samples are given below, the product of differ-
ent manufacturers being represented by the letters A .B. C and D.
The numerals represent the tension in pounds at the time of
break.

23" GrosEes.

A B C D
3710 5950 7725 6320
4510 5770 7475 ‘6890

3” GLoBEsS.

A B C
4210 11190 5450
5310 8930 5550

SMaLL BROOKLYNS.
A C D
9990 10320 5520
11130 9010 6450
LARGE BROOKLYNS.
A B C
11490 19670 18510
10510 17140 18250
INsuLATED BolTts.

A B C D
6370 6130 7360 3280
4495 549D 9010 2925

Scme of the broken samples are shown in the accompanying
illustrations. It will be noted that while some samples gave
way in the eyes, others broke in the insulation. It is very desir-
able that strain insulators should be so designed that when
subjected to a test for tensile strength, they should give way in
the eyes. As these insulators are subjected to an uncertain
strain while being installed and after being in use, it is of great
importance that one may be able to depend upon the fact that,
if the eyes be intact, the insulation is als~ in good condition.
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BREARDOWN VOLTAGE.

In carrying out these tests, the two metal portions or con
ductors of the insulators were connected respectively with the
two high-pressure terminals of a 1:200 step-up transformer,
whose low-pressure terminals were connected in series with a
regulating rheostat to a supply of alternating current at a fre-

Figs. 1, 2 and 3.

quency of 60. A dead-beat voltmeter was connected to the low
pressure terminals. By manipulating the rheostat any desired
voltage could be impressed upon the low-pressure coil and its
value could be determined from the voltmeter. The high-
pressure voltage would be 200 times as large, provided the
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secondary was unlouded; that is, provided the insulator were
unpunctured and there were no arcing present. The test was
started with a low impressed voltage which was gradually raised
until a sudden drop in the voltmeter reading indicated that a
breakdown had occurred. The maximum reading multiplied by
200 is the breakdown voltage. The following results were ob-
tained.

23" GLOBEs.
A B C D
8010 8610 5610 7500
7610 5110 6110
4510* 5910
3” GLoOBES.
A B C .
11410 12810 8010
10810 10810 9010
SMALL BrOOKLYNS.
B C D
14810 6710 35000
5510+
LArRGE BROORLYNS.
A B C
8010 14410 11410
4210 13010% 7610%
4010%*
INsuLATED BoLTs.
A B C D
12010 + 14450 12210 arc at
13010 14450 10010 25000

The voltage necessary to rupture the dielectric would un-
doubtedly have been less than the amounts given above if the
duration of the application of the high pressure had been in-
creased. In practice, trolley insulators are seldom subjected to a
voltage greater than that of the generators or converters. Occa-
sionally, however, they are subjected to moderately high voltages
of short duration which arise from the disappearance of magnetic
flux that has been created by short circuits. The values given
above which are followed by an asterisk were obtained from tests
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on insulators which were, at the time, under a tensile strain of
about 4500 Ibs. The dielectric strength is slightly reduced by
strain, but in all the samples tested it was sufficiently high to
meet the requirements of present practice

HEeaT TEsTs.

Oftentimes when a trolley wire breaks it becomes heated on
account of the grounding of a broken end. Sometimes the
insulating material in the round-top hangers softens under the
influence of the heat communicated from the wire and allows the
ear and suspended wire to drop to the ground. Efforts were made
to determine the temperature of the insulation at the time of
softening. A hanger was screwed into a regular ear, and was
suspended in an inverted position in a double-walled oven. A
wire was attached to the suspended cap and was passed through
a hole in the bottom of the oven. To this wire was attached a
weight of 100 1bs. This weight is equal to that of about 200 feet °
of No. 000 copper trolley wire and it is quite possible that a
hanger might be subjected to this strain. The temperature of
the oven was raised by means of burning an arc lamp which was
enclosed in it. As the temperature rose to a certain point, the
insulating material softened and the suspended weight pulled
the round top cap of the hanger away from its bolt. This tem-
perature was noted on a mercury thermometer whose bulb was
placed near the ear. Unquestionably, the temperature varies
very much at different points inside the insulating material, such
material being a good heat insulator as well as an electrical insu-
lator. The material next to the metal, however, is probably the
hottest and the temperature is nearly that of the metal. Itisat
this point that it softens most. The results obtained from three
samples were, A 168° C.; B 168°C.; and C 145° C. )

Appreciating the uncertainty of such a test, another method
was devised which tested thc hangers under working conditions.
This method gives but relative results. Under the circumstances
they are more to be desired than absolute values of temperature.

A soft iron round rod, }” in diameter and 20” long was clamped
by an ordinary trolley ear, whose ends had been cut off so as to
leave a length of 53”. This was suspended (Fig. 4), by means of
& wire stirrup underneath a beam. Into the ear was screwed the
bolt of the round-top hanger to be tested. To the cap of the
hanger was suspended a weight of 200 pounds. A current of 200
amperes was then sent through the iron. The time which
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elapsed between closing the circuit and the separation of the
parts of the hanger under the influence of the weight was noted.

These times in minutes were as follows:

A B C D
50 34 94 74

Two similar samples from the same manufacturer were tested,
one with the cap underneath, as above described, and the other
with the ear beneath. The times between the closing of the cir-
cuit and the breaking down of the insulators were respectively
31 and 33 minutes. This indicates that the position in regard to
vertical arrangement during test is immaterial.

Efforts were made to determine roughly the character and the,
composition of the insulating materials employed by each manu-
facturer. Upon ignition, by applying a lighted match, each of
the insulating materials burned quietly with a very small flame.
There was some smoke and in all cases the characteristic odor of

200 1 ba|

Fic. 4.

burning shellac. Each sample when placed in alcohol went
partially into solution, leaving a residue. Mica and asbestos were
present in some of the residues.

If the binding material be, in all cases, shellac, it is evident that
the softening temperatureis anindeterminate quantity. Shellacis
somewhat viscous at ordinary temperatures, and its viscosity
rises rapidly with increase of temperature. Insulating bolts,
one from each manufacturer, were placed in boiling water and
were allowed to remain until they had assumed the temperature
of the water, 7.6., 100° C. In each case the insulating material
had softened so as to permit of moulding under slight pressure.
The viscosity, at a given temperature, is also dependcnt upon the
relative amount of shellac to the other material present. This
amount is liable to variation in samples of the same type from the
same manufacturer.
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INsuLATION RESISTANCE.

The resistance of an ordinary strain insulator is very large, and,
if it were not for the large number of them which are connected in
parallel on a trolley system, no consideration need be given to
this point. It is difficult to determine rapidly the individual
resistances in ohms, hence the following method of determining
the relative resistance values was devised.

A Holz machine when run at a constant speed, owing to its
practically infinite internal resistance, functionates as a constant
current generator. For obtaining the comparative values of the
resistances of the insulators, such a machine was used as a source
of e.m.f., and an arrangement of apparatus as shown below was
employed:

FiG. 5.

= spark gap of the Holz machine;
X = insulator under test,
= a mirror galvanometer;
R = a resistance in which is included the leakage resist-
ance of the Holz machine, and of the connecting wires.

By connecting together the two terminals of the insulator X,
by means of a copper wire, practically all of the current /, which
is produced by the machine, 1s made to pass through the galvano-
meter and it produces a deflection §# Upon removing the copper
wire, a current 4, will flow through the galvanometer, giving a
.deflection 8, . ' .



238 SHELDON AND KEILEY: TROLLEY INSULATORS. [Janc 3¢

This deflection will be inversely proportional to the resistance
of X. The rest of the constant current I will pass through R,
which includes the leakage paths. Representing this current by
in , there exists the following relations:

I=¢ 44
I—4 =143
R R=4, X=(UI-%)R

cox=Izhp
1

Since 7 and 4, are proportional to deflections 8 and 8, respect
tively.

6 -0,
b«

By substituting for X another insulator, its resistance can be
quickly determined in terms of R in a similar manner. This
method is better suited for getting the comparative resistances of
insulators of the same shape. than for getting their absolute
resistances. A portion of an insulator’s conductance unquestion-
ably consists of surface leakage. '

The resistances obtained are given below in terms of an
arbitrary standard:

R

X =

2” GLOBES.
A B C
61 98 1.7
55 76 12.0
23" GLoBES.
A B C
27 36 1
55 18 1.5
61 37 1
SMALL BROOKLYNS.
B C
35 40
35 43
LARGE BROOKLYNS.

A B 9
07 39 27
0.8 41 27
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SPECIPICATIONS.

Specifications for the various fo