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“1922”

The last weeks of 1921 will, we hope, be
immortalized in historv as a result of the
Washington Conference on the Limitation
of Armaments. The constructive state-
manship of Mr. Hughes’ proposals on the
limitation of naval armaments among the
principal naval powers and the wholehearted
endorsement of these proposals by the powers
have sent a thrill around a war sickened
world. If these proposals result in an
“understanding for peace” in place of the
old ‘‘umderstandings for war’ among the
Nations, we are justified in, at least, hop-
ing for a new order of internatiohal rela-
tionships.

Since 1914 the nations have made un-
heard of sacrifices in war and the lessons have
been the bitterest that the world has ex-
perienced. The Washington Conference is
to determine whether the common sense
of the people, because in the last analysis it
is in their hands, is to demand that each
nation is now to make a bloodless sacrifice
for peace.

It is for the peoples now to choose whether
suspicion among nations is to make secret
diplomacy and secret treaties the masters
of their destinies, with the inevitable burden
of taxation only to pay for a bloody shambles
on the field of battle, or whether open
diplomacy is to show that civilization has
reached a stage where no democratic state
will in the future countenance the squander-

ing of the nations’ wealth to prepare for such .

a ghastly end. Optimism is justified.

The beginning of such a new era will make
a profound difference to everyone, but will
perhaps be appreciated by the engineering

world to as great an, or if not to a greater,
extent than elsewhere. Engineers are by
nature constructive, and even those who have
served their country by designing and build-
ing implements of destruction will take a
keener joy in limiting such activities to the
bare needs of defense, and spending their
remaining energies on constructive under-
takings for the benefit of mankind.

It is befitting that a large electrical cor-
poration should have designed and carried
out those brilliant illuminations in Washing-
ton which were to commemorate Armistice
Day and to welcome the representatives of
the nations who are taking part in the Lim-
itation of Armaments Conference. Mr.
W. D’A. Ryan, Director of the Company’s
Illuminating Engineering Laboratorv, who
made such a conspicuous success of illumi-
nating the Panama Pacific Exposition, was
responsible for this work. The frontispiece
and cover of this issue of the Review and
some other illustrations in the magazine will
give our readers some slight idea of the
splendor of this display.

It is customary at Christmas time to wish
our friends Good Cheer and as our January
issue reaches our subscribers at this season,
besides wishing them ‘““A Merry Christmas
and a Happy New Year,” we want to express
the wish that the great Conference that is
now sitting at Washington may be, at least,
the dawn of that time when Peace on Earth,
Good Will Toward Men may be achieved
among all peoples at all times instead of
only being trotted out as a Christmas sen-
timent once a year. A Happy and Prosper-
ous 1922 to all. J. R H.
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Professional Engineering Education for the
Industries

By Francrs C. PraTT
VICE-PRESIDENT, GENERAL ELECTRIC COMPANY

This excellent paper was one of several which were written at the request of the committee in charge of a
joint convention of the American Society of Mechanical Engineers and the Society for the Promotion of Engi-
neering Education. Mr. Pratt as active head of the engineering organization of the General Electric Com-
pany has had unusual opportunities of judging the sufficiency of the engineering curriculum of our colleges
and universities, and his comments and suggestions are based on close and intensive observation of many

hundreds of engineering graduates.—EDITOR.

During the year 1920 the General Electric
Company, with which I have the honor to be
associated, took into its employ 400 college
graduates, of which number

340 were graduates of electrical engineering
courses,

20 were graduates of mechanical engineer-
ing courses,

30 were graduates of business or admin-
istrative courses,

10 were graduates of miscellaneous courses.

Practically all of the electrical and mechanical
engineering graduates entered into the stu-
dent engineering courses covering a one-year
period, which have been most -carefully
planned at the several works of the company,
while the graduates of the business or adminis-
trative courses became members of its ac-
counting department, taking a two-year
course in business administration, higher
accountancy and commercial law. Fifteen
graduates, including two who had specialized
in physics and nine in chemistry, entered the
research laboratory of the company.

The records indicate that over a term of
years about one half of the young men enter-
ing the student caurses remain permanently
in the employ of the company in the engineer-
ing, manufacturing, commercial or adminis-
trative departments of its general and district
offices, or of its works.

In entering into the daily work of a great
industrial organization these young men come
into contact with actual manufacturing and
business conditions and acquire self-con-
fidence and a practical experience which, in
my opinion, the colleges cannot and should
not seriously attempt to impart.

I regard it as an exceedingly healthy sign
that there are so many inquiries being made as
to our methods of technical education, but
at the same time I want to say that the
young men who, during the past few years,
have entered the employ of the company

with which I am associated have on the
average been better prepared mentally,
physically and morally than ever before.
This is a very broad statement, but a most
careful study of the conditions and the many
inquiries made of our leading men who come
in close contact with these young men justify
this conclusion.

During the past two years we have been
engaged in reorganizing one of our most
important designing engineering departments,
largely increasing the scope of its work and
its personnel. In recently looking over a
report of the organization submitted by the
engineer in charge, I was struck by the
reference to two young engineers, each of
whom had been out of the company’s student
engineering course for a period of less than a
full year. The report referred to one of these
young men as proving to be a resourceful and
inventive experimental genius along his par-
ticular line of work, and to the other as having
perhaps the clearest understanding of the
mathematics of this particular line of anyone
in the company. The line of work is an
exceedingly broad one, the engineer in charge
is a particularly discerning man, and I think

. it a matter of great encouragement that talent

of such character is being turned over to the
industries by the educational institutions. It
is true that the report, in referring to these
two young engineers, referred likewise to four
somewhat older and more experienced men
who were doing particularly notable work in
the department.

I have recently seen a statement that
statistics show there has been a constant
decrease in the number of engineers graduated
from our American universities. The statis-
tics were not cited in connection with this
statement, but if, perchance, this statement
holds true, the tendency would seem to be an
unfortunate one, in view of the larger demand
for engineering activities in our modern life,
as partly reflected in the following statistics
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taken from the official records of Yale Uni-
versity:
Increase in all Yale graduates for years 1904 to

Law, medicine, ministry and teach-

ing, combined................. 24 per cent
Manufacturing, finance and mercan-

tile pursuits, combined ......... 83 per cent
Engineering..................... 100 per cent

I have also seen suggestions that the
number of so-called cultural studies should
be decreased and greater specialization made
in the essential subjects of science, mathe-
matics, the native language, and of com-
mercial application of what is learned, and
that the colleges should turn out young
engineers whose services are of immediate
value to the employer without several years
of practical experience.

I have little sympathy with such points of
view for many reasons, among which are:

While familiarity with apparatus obtained
from laboratory work coincident with under-
graduate studies is of great value in giving
the students more appreciative knowledge of
their subjects, as are also frequent visits to
and summer work in industrial establish-
ments during the undergraduate period, yet

I am confident that nothing which the colleges.

can give can take the place of the practical
experience gained in the atmosphere of an
industrial organization, bringing with it an
intimate knowledge of both methods and men
with which and with whom one’s life work is
to be associated. In my opinion the time in
college is so valuable that it should be pri-
marily devoted to those things which can
only be acquired later with a great deal of
difficulty.

Earnest efforts are being made to combine
the advantages of instruction in theory with
those of practical experience by co-operative
courses, carried on jointly by educational
institutions and industries. A final opinion
in regard to the effectiveness of these courses
must, it seems to me, be held in suspense
awaiting more extended experience with them.

My observations also lead me to the con-
clusion that the percentage of those who fail
to attain a reasonable degree of success is
greater in the group of men of mediocre
ability but narrowly specialized education,
than almost any other group coming within
my knowledge. Such men, unless extraor-
dinary vigilance is exercised by those in
charge, become permanently attached to an
organization doing specialized work for which
they have no particular adaptability, clogging
the opportunities for younger, more able and

progressive men to advance. It would have

been far better for such a man if the head of
the department had, at the end of one or two
years of employment, recognized the circum-
stances and frankly informed him that he was
not likely to make a success in the professional
work which he had undertaken, and advised
him to enter into some other vocation.

If I were to make a broad criticism of our
methods of engineering education as it exists
today, I should base it upon too early special-
ization of the student, resulting in the turning
out of a disproportionate number of men of
the class to which I have just referred, i.e.,
those of mediocre ability and narrowly
specialized education.

I should be disposed to strongly criticise
another condition in our colleges which I
recognize as an exceedingly difficult one to
overcome, and that is, as the result of the
high degree of standardization, induced per-
haps by the numbers who have to be taught,
the more brilliant men in the class are re-
tarded in their progress by the requirement
of a standard which can be met by the less
capable students. If we are not only to
attain, but also maintain, great eminence in
the engineering professions in America, we
should, and I think must, devise some means
whereby the more promising students can
with greater facility advance with breadth
and thoroughness in their work.

It is, I think, significant that in the organ-
ization with which I am in daily contact, a
noticeable number of our most accomplished
theoretical engineers and research laboratori-
ans have either pursued postgraduate studies
at European universities, or else have had all
of their scholastic training abroad. This may
suggest an opportunity for American educa-
tional institutions which is not fully met at
the present time. In this connection, I think
that the colleges should sternly resist the
temptation to enter into specialized fields
which are adequately covered by kindred
institutions, and that better results’ would
follow if, in general, each endeavored to main-
tain the strongest possible staff of teachers
to give most thorough instruction in the
fundamentals of the sciences, engineering,
economics and languages, and confine its
specialization to such work as it is pre-
eminently fitted to carry out.

The industries need administrative men
well versed in the sciences and in engineering,
in order that they may lend appreciative and
sympathetic support to the technical develop-
ments which are, in fact, the very life blood
of the industry and on which its future pri-
marily depends. That the colleges of the



6 January, 1922

country are alive to this need is evidenced
by the number of courses which have in recent
years been established, teaching the funda-
mentals of the sciences, engineering, econom-
ics and languages, and variously referred to
under the names of administrative engineer-
ing, commercial engineering, or other courses.

While it seems to me probable that a much
larger proportion of the graduates of such
general engineering courses will be utilized by
the ‘smaller manufacturers rather than by
such highly specialized organizations as per-
tain to the electrical industry, yet I want at
this point to put in a strong plea for the more
thorough appreciation and use of technical
graduates by all industries, both large and
small. It is, of course, apparent that a
college education is not in any sense the only
road to industrial accomplishment, and, in
fact, some of the ablest engineers and ad-
ministrators of my acquaintance have secured
the fundamental knowledge upon which their
life’s work has been based while persistently
working in practical fields and without having
the foundation of a college education. One
frequently finds, however, in such cases, that
the individual’s development had been pro-
foundly influenced by close association in his
work with a master mind, who, in reality,
became a great teacher to him.

The industries need strong designing engi-
neers thoroughly versed in the theory and
practice of the art who have such knowledge
of material values and of men as to render
their work effective. In general, the indus-
tries must look to the colleges for young men
who have the knowledge, the enthusiasm for
constructive work and the patient tenacity,
which alone go to make up a successful
designing engineer. In many respects the
loss of a good designing engineer to an
industry leaves a vacancy which is harder
to fill than almost any other, as pre-eminence
in design can only be attained through a
happy combination of natural ability and of
knowledge and experience gained by years of
intelligent and exacting work. Owing to the
highly developed state of the art there is
undoubtedly a great deal of routine work to
be done in designing engineering which is
not inspiring to young men, and experience
indicates that a diminishing proportion of
technical graduates is drawn towards this
most important branch of work. While this
must, I think, necessarily be one of the
problems for the colleges, it is also one of
very immediate concern to the industries,
demanding the most resourceful considera-
tion. In general, the goal of success in
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design work seems more remote to the young
graduate than in other branches, and also
the character of the work more exacting and
confining. On the other hand, this fascinat-
ing field of investigation, research and con-
structive accomplishment should appeal most
strongly to one who has the imagination and
courage to look well into the future, and the
stamina necessary to accomplish a difficult
task. I feel certain that far too many capable
young graduates sacrifice their greatest ulti-
mate development by yielding to the tempta-
tions of early rapid advancement along the
easier lines.

I wish only to add one thing more, and that
is to point out the wonderful opportunities
which modern industry offers in its research
laboratories' to specially talented and most
highly educated technical graduates. The
colleges must, I am sure, be most liberal in
providing instruction and laboratory facilities
for the growth of such picked students, and
in inspiring them by the work and example of
a few really great teachers.

SUMMARY

I. A careful study of a large number of college
graduates employed at the several works of the Gen-
eral Electric Company indicates that our educa-
tional institutions are developing young men of real
ability for the industry.

II.” The suggestion that is sometimes made to
reduce the amount of cultural studies, in order to
more intensively specialize on technical subjects, is
not viewed with favor.

III. The time in college is of such value that it
should be primarily devoted to those things which
can only be acquired later with great difficulty. At
best, the student cannot hope to attain in college the
well rounded knowledge and practical experience
that are to be gained in an industrial organization.

IV. A broad criticism of methods of engineering
education is that it undertakes too early specializa-
tion of the student.

Another is the lack of facility offered to the more
cag’able students to rapidly advance.

. Suggestions for modification and improve-.
ment of American educational methods may be
gleaned from the fact that a noticeably large num-
ber of accomplished theoretical engineers and re-
search laboratorians have either received all their
education or pursued post-graduate courses at Euro-
pean universities.

Best results may be expected if each educational
institution will strive to maintain a highly capable
staff of teachers in the fundamentals of the sciences,
engineering, economics and languages, and restrict
specialization to only that work for which it may be
pre-eminently qualified.

VI. The teacher in engineering courses should
constantly emphasize to those students who show
special aptitude the great need among the indus-
tries for able designing engineers.

VII. Through its research laboratories modern
industry offers to specially talented and highly
educated technical graduates wonderful opportu-
nities for developmeut.



Some Developments in the Electrical Industry
During 1921

By JouN LisToN
PuBLICATION BUREAU, GENERAL ELECTRIC COMPANY

Mr. Liston's annual review of the progress that has been made in the manufacturing branch of the elec-
trical industry during the preceding twelve months has become a prominent feature of the GENERAL ELEC-
TRIC REVIEW, and its customary publication in our January issue is eagerly awaited. In view of the radical
adjustment and retrenchment that has occurred everywhere in industry, we are agreeably surprised to find
that there is such a number and diversity of new things to be told about.—EDITOR.

Despite the business depression which
naturally hampered development work in
commercial fields, there were a considerable
number of improvements made in existing
types of apparatus and results achieved in
research work which may in the future have
far reaching effects.

The most spectacular development of the
year was the successful generation, insulation,
transmission and measurement of current
at commercial frequencies with potentials
exceeding one million volts. The practical
results to be obtained from this achieve-
ment are, at present, problematical, but the
data secured make it possible for the elec-
trical engineer to calculate with certainty
transmission lines utilizing potentials greatly
in excess of those used at present.

Perhaps the most important feature from
a practical engineering standpoint was the
great increase in the use of automatic gen-
erating stations and substations, the develop-

ment of which appeared to be hastened by the
necessity for more economical operation of
generating and distribution systems.

The equipment for the first Diesel engine
electrically propelled merchant ship in the
United States was completed; and the econo-
mies to be secured with this method of
propulsion may radically influence the future
of our merchant marine.

Some of the smaller developments have a
potential importance out of proportion to the
unit size of the apparatus considered. Among
these may be included special relays, push
button control, safety features, and new types
of contactorswhich make possible morereliable
and economical forms of control in various
industriescombined with long life and a greatly
decreased demand for renewal parts.

The progress made in radio communica-
tion included the production of new tubes of
increased capacity, the development of com-
plete standardized lines of both transmitting

Fig. 1. Two 30,000-kw. Turbines Installed in Delaware Station of the Philadelphia Electric Company
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and receiving apparatus, embodying the

latest features of demonstrated value suit-

able for both amateur and commercial work,
and the formal opening of the world’s largest
radio central station.

While the results of the research work
accomplished during the year cannot be

Fig. 2. G-E Turbine Supercharger with Automatic Control
Installed on Liberty 12-cylinder Engine

definitely appraised, some of the new ma-
terials and devices have already found prac-
tical application on an extensive scale.

As 1n previous articles on this subject,
the electrical apparatus, turbines, etc., re-
ferred to, are all products of the General
Electric Company, but references to their
development will serve as an indication of
the tendencies in design and construction as
well as the general trend of progress in the
electrical manufacturing industry as a whole.

Turbines .

Several new central stations equipped with
large Curtis turbine-generator units were
put in successful operation. Typical of these
is the Delaware station of the Philadelphia
Electric Company (Fig. 1).

Engineering and research work resulted
in establishing more rational design constants
and formulas which have replaced the em-
pirical rules in common use.

The tendency toward higher steam pres-
sures and temperatures is illustrated by the
fact that in two central stations 30,000-kw.
turbines were placed in operation with a pres-
sure of 300 1b. gauge at the turbine throttle.
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Supercharger

©On September 28th a new altitude record
of 40,800 ft. was made at McCook field,
Dayton, Ohio, in a LePere biplane equipped
with a G-E supercharger.

As a result of the numerous experimental
flights made, the design of the supercharger
has been standardized (Fig. 2) for certain
engine ratings so that they can now, for the
first time, be produced in quantity on a com-
mercial basis.

Turbine-electric Ship Propulsion

The S. S. Eclipse, the first turbine-electric
cargo ship, went into service in November
1920, and sailed from New York to the Dutch
East Indies, returning to New York in May,
1921, after a voyage of 26,500 miles.

During this voyage, no difficulties were
experienced in the operation of the main
propulsion equipment and no major repairs
had to be made, the entire distance being
covered in one week less than that required
for ships of similar rating. On the trip from
New York to Gibraltar, the Eclipse reduced
the previous running time by two days.

During the year four additional 12,000-
d. wt. ton merchant ships, Invincible (Fig. 3),
Archer, Independence, Victorious, of the U. S.
Shipping Board fleet, were each equipped with
a 3000-h.p., 3000-r.p.m. Curtis steam turbine
direct-connected to a 3-phase, 2300-volt
alternating-current generator supplying en-
ergy to a 3000-h.p., 100-r.p.m. induction
motor direct-connected to the propeller shaft.
The speed of these ships is about 11 knots,
and in addition to the five which have already
been completed, seven sets of similar pro-
pelling equipment are under construction
and will probably be completed early in 1922.

The propelling equipment for four U. S.
coast guard cutters was completed and two
of these ships have already been launched,
one of them, the Tampa, . having com-
pleted her trial trips and been accepted.
These ships have a displacement tonnage of
1600 with a speed of 16 knots. The pro-
pelling machinery consists of a 2600-h.p.,
3000-r.p.m. turbine-generator (Fig. 5) and
a 130-r.p.m., 2300-volt synchronous motor
(Fig. 5). Spring thrust bearings are used
on the propeller shafts.

Naval Ships

The extent to which electric drive has been
adopted for the ships of the U. S. Navy is
indicated by the fact that, at the close of the
vear, there had been completed or were under
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construction twenty ships designed for elec-
tric propulsion with a total displacement of
769,000 tons and an aggregate of 1,657,000
h.p. in propelling motars.

These figures are doubly impressive when
we remember that the first electrically pro-
pelled ship constructed for the Navy was put
in commission in 1913. Considerably more
than 50 per cent of these equipments consist
of G-E apparatus.

Following the lead of the U. S. Navy,
Japan has closed a contract for a 14,000-ton
electrically propelled fuel ship. The main
equipment for this ship will consist of an
8000-h.p. turbine-generator supplying cur-
rent to two 4000-h.p., 120-r.p.m. synchronous
propeller motors. There will also be two
400-kw. direct-current turbine-generator sets
for supplying excitation current for the main

Fig. 6. 10-h.p., 1700-r.p.m. Enclosed Self-ventilated
Marine Motor )

generating units as well as energy for the
operation of the electrical auxiliaries.

In addition there will be a 650-kw. alter-
nating-current generator which can be con-
nected to one of the 400-kw. direct-current
sets so that in case of failure of the main
generator, this small generator will give
sufficient power to propel the ship at about
7 knots. This generator will be normally
held in reserve.

Diesel Electric Ship Propulsion

The 2200-d.wt. ton freighter Fordonian,
(Fig. 4) which is now nearing completion,
will be the first U. S. cargo ship to be equipped
with Diesel engine electric drive.

The propelling machinery comprises two
500-b.h.p., 2-cycle, 4-cylinder Diesel engines,
direct-connected to two 350-kw., 250-volt,
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200-r.p.m., compound-wound, d-c. generators,
and a double armature, 850-h.p., 120-r.p.m.,
shunt-wound motor direct-connected to the
propeller shaft. The speed obtainable is
estimated at about 9 knots.

In general arrangement the electrical equip-
ment of the Fordonian is similar to that sup-
plied for the 500-ton trawler Mariner, which
went into commission during the latter part
of 1919 and has since maintained a satis-
factory operating record, except that in the
case of the Fordonian bridge control is not
utilized. A dual system of control is in-
stalled in the engine room, one being elec-
trically operated and the other manually,
the latter control being intended only for
emergency use.

It is interesting to review the rapid de-
velopments which have occurred in marine
propelling equipment during the last decade.

Fig. 7. 25-h.p., 550-r.p.m. Water -tight
Marine Motor

Within this brief period we have seen the
first ships in the United States using high-
speed marine geared turbines with double
reduction gears, turbine electric propulsion
in naval and merchant service, and Diesel
electric drive in fishing and merchant service;
all these pioneer installations utilized G-E
apparatus.

Electric Drive for Auxiliaries Aboard Ships

There was developed during the year a
complete new line of direct-current motors
(Figs. 6, 7 and 8) especially designed to meet
the severe operating conditions normally
encountered in marine service, and designed
for the efficient operation of all classes of
deck and engine room auxiliaries.

Except for specially designed motors which
had been provided for the navy, most of
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the previous electrical equipment installed
on ships has utilized land motors which,
in many cases, have not proved satisfactory.

Electrical apparatus mounted on the open
deck is subject to temporary submersion in
rough weather and has to withstand the
impact of heavy seas. The crew, when
washing down decks, will often play the
hose on the machinery. In tropical climates
the deck machinery is subject to excessive
heat, and on northern routes to very low
temperatures. Apparatus installed in the
engine room is exposed to drippings from
condensation and from leaky pipes, to water
and oil spray, to damage by rodents, loose
tools, etc. In Diesel engine propelled ships
and in tankers, protection must be given
from oil fumes, vapors, and gases. All
apparatus, if not correctly built, is liable to
deteriorate and corrode owing to the action
of the moist and salt-laden atmosphere.

Other motors on shipboard are frequently
operated at various angles to the horizontal,
due to pitching or rolling of the ship at sea,
or listing due to loading and unloading or
shifting of cargo or to accident. Motors
used on tankers are also a potential source
of danger unless they are suitably enclosed
and ventilated.

In designing this new line of motors, the

conditions outlined above were kept in mind
and, while the line has no unusual electrical
characteristics, the motors intended for deck
service have great mechanical strength and
are waterproof. All windings are especially
insulated and all fittings subject to corrosion
are made of non-corrodible material or have
non-corrodible surfaces.

The motors designed for engine room
service are enclosed and self-ventilated and
immune to dripping water, oil or spray.
The mechanical parts are not so heavy as
those for deck service but are ample to with-
stand the usage which experience shows they
will be subjected to under operating condi-
tions.

The motors for deck service range in size
from 3 h.p. to 100 h.p. and for engine room
service from 2 h.p. to 200 h.p. and may be
either series, shunt or compound wound.

Two types of waterproof magnetic brakes
have been provided for these motors, one
being a disk type and the other a shoe type,
the former being supplied on motors operat-
ing capstans, windlasses, etc., and the shoe
type being utilized for severe duty cycles
such as are involved in operating cargo
winches.

To complete the auxiliary electrical equip-
ment, controls of different types have been
standardized for marine service and are pro-
vided with different degrees of protection,
depending on whether they are to be placed
in exposed or protected locations. A very

Fig. 8. 50-h.p., 1075-r.p.m. Enclosed Ventilated
Marine Motor

desirable arrangement is to provide de-
centralized control instead of one main con-
trol board for the engine room auxiliaries,
with small control panels placed near the
groups or individual motors which they are
to control. The starting and stopping of
the motors is accomplished by means of
master switches located directly on or near
the motors.

Electric Railways

The activities of electric railway operators
during 1921 were in the main confined to
efforts to reduce operating costs and thus
effect economies to enable them to meet
running expenses. These efforts were ex-
tended in three directions, viz., the reduction
in the weight of existing rolling stock by
purchase of lighter cars, the replacement of
existing obsolete motors with new and im-
proved types, and the use of automatic
substations.

The number of sales of safety cars continued
to be large and several railroad companies
are now operating their lines entirely with
this new type of car. The city of Detroit
is a notable example of the development
of the one-man safety car idea, orders-having
been placed by the railway management
for 250 safety cars designed for one-man



12 January, 1922

operation. Also, 50 double truck cars are
each to be equipped with four GE-265-35-h.p.
motors, control and air brakes and arranged
for one-man operation.

A number of other roads are also equipping
double truck cars for one-man operation.

Fig. 9. 55-h.p. Railway Motor for the
Los Angeles Railway C.

A notable example is the Pittsburg County
Railway (Oklahoma) with three light weight
double truck cars equipped with GE-264
motors, K-35 control and air brakes weighing,
completely equipped, 14 tons and replacing
older types weighing 30 tons;
and the Bangor Railway & Light
Company (Maine) with seven
equipments for double truck cars
of similar construction equipped
for one-man operation.

Perhaps the most striking ex-
ample of this trend is furnished
by the Kentucky Traction &
Terminal Company which placed
in service ten double truck cars
each equipped with four GE-
264-25-h.p. motors, K-35 con-
trol, and G-E air brakes, head-
lights and compressors. These
cars completely equipped weigh
25,000 1b. and are operated in
interurban service at maximum
speeds up to 37 miles per hour.
The seating capacity is 45 pas-
sengers with liberal spacing,
which compares favorably with
54,000-1b. cars which they re-
placed. The saving in power, due to the re-
duction of equipment weight, has enabled the
customer to improve voltage conditions by re-
distribution of existing substation apparatus.

Two conspicuous examples of the replace-
ment of obsolete equipment are furnished

GENERAL ELECTRIC REVIEW

Vol. XXV, No. 1

by the Denver City Tramway Company
and the Los Angeles Railway Company. In
the first case 144 GE-249-40-h.p. motors
were furnished. These are being used for
replacing motors of the older types on present
equipment. The same practice is being
followed by the Los Angeles Railway Com-
pany which has placed orders for 200 GE-
269-55-h.p. motors (Fig. 9).

One of the interesting developments of the
year was the adaptation of electric drive to
motor buses (Fig. 10), and the production of
collecting equipment for supplying 600-volt
current. A number of these trackless trolley
buses have been placed in operation and there
seems to be no difficulty in collecting the
necessary current from wires supported
along the highway. The collecting device
is so arranged that considerable latitude is
allo(\i;ved for passing other vehicles along the
road.

For heavy subway and elevated operation
the city of Philadelphia will utilize 108 GE-
259-120-h.p. motors which will be installed
on new cars for operating the Frankford
elevated lines now being completed by the
city. Two 2000-kw. synchronous convert-
ers, transformers and switchboards will be
provided for the new Fairmont substation.

Fig. 10. Trackless Trolley Equipped with Railway Motors,

Foot Control and Special Form of Collector

Steam Road Electrification

Practically all active electrification work
during the past year occurred in foreign
countries where the fuel situation is much
more acute than in the United States. The
largest equipment is for the Spanish Northern
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Railway for the Pajares Grade electrifica-
tion. This is a heavy mountain line near the
French border and 3000-volt d-c. equipment
will be installed. The apparatus under con-
struction includes six 86-ton, 3000-volt loco-
motives, two complete 3000-kw. substations
and overhead line material
for 39 miles of track.

Progress in the electrifi-
cation of the French rail-
ways is apparently along
the lines indicated in the
report of the Railway Com-
mission (GENErRAL ELEc-
TRIC REVIEW, April, 1920).
This commission recom-
mended 1500 volts direct
current as the standard
potential for overhead dis-
tribution. While the major
portion of the equipment
will be built in France some
equipment will be supplied
by the General Electric
Company. This includes
seven high-speed circuit
breakers which will be used
by the Midi Railway for
the protection of synchro-
nous converters of 750-kw.
capacity operating two in series for 1500 volts,
and 21 PC controllers for the State railways to
be used on the Paris-Versailles line which will
also operate eventually at 1500 volts.

The Japanese Government is making
active preparations for the further electri-

Fig. 11,

Fig. 12. 1500-kw. Synchronous Motor Generator Set for Paulista Railway

fication of the Imperial Government Railways
and the initial equipment will include two
66-ton, 750/1500-volt locomotives which will
be tried out on the Tokio-Yokohama line.
This division was electrified in 1914 with
1200 volts direct current, and indications

point to the adoption of 1500 volts for new
projects now under consideration. The
rolling stock on this line consists of motor
cars for high speed interurban service. A
new line, known as the Tokaido Electric
Railway, is also under construction between

3000-volt Passenger Locomotive for the Paulista Railway

the cities of Nogoya and Okazaki, a distance
of 22.4 miles. Each of the fourteen 45-ton
motor cars will be equipped with four GE-244-
750-1500-volt motors and type PC control.

An unusual feature of the equipment for
the Paulista locomotives, which have just
been placed in service, is a
4-unit set (Fig. 13) consist-
ing of combination air com-
pressor and exhauster and a
d-c. generator direct driven
by a double commutator,
3000-volt motor.

In the United States com-
pressed air is, as a rule, used
for operating brakes on trains,
but in Europe, and to a con-
siderable extent in South
America, the vacuum system
is still used, and on the
Paulista Railway the train
brakes are operated by means
of the vacuum system. The locomotive itself,
however, is equipped in every way with up-to-
date equipment including standard American
compressed air braking.

The combined unit occupies a space 9 ft.
long by 414 ft. wide and is about 3 ft. 3 in.
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high. The shaft, which is common to the
motor and compressors, has only two bearings
but is direct connected to a 3-kw., 60-volt
generator by means of a flexible coupling.
The entire set normally operates at 915 r.p.m.,
the speed varying with the voltage and load.

Fig. 13. Combination Air Exhauster-compressor
Generator Set for Paulista Railway

Each of the compressor units is utilized
both as a compressor and exhauster, the
large cylinder being used for the vacuum
service, maintaining 22 inches of vacuum,
and the small cylinder delivering compressed
air at 90-1b. pressure. The set is intended to
operate continuously, the compressor lines
being provided with the usual unloader and
the exhaust lines with relief valves, and both
discharge lines being provided with oil
separators.

Under normal operating conditions the
voltage on the driving motor will vary from
1200 to 3800 volts, causing considerable
variation in the speed of the set, so that in
order to insure the necessary constant
voltage output from the d-c. generator, the
current from which is utilized for the light-
ing system and the operation of the control
contactors, the generator is provided with a
voltage regulator.

During the year the New York Central
Railroad installed a new 20,000-kw. steam
turbine in its Glenwood Station and dis-
mantled one of the old 5000-kw. vertical
units installed in 1904. The remarkable
improvements in turbine efficiency during
this period have more than justified the
expenditure required.

Automatic Stations

There was a very notable increase in the
use of the automatic principle for central
station and substation operation. This was
due to the marked success which had been
secured with the automatic stations which
were in operation prior to 1921, combined
with the necessity for increased economy in
the operation of power systems. It had also
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been demonstrated that considerable sav-
ing in operating costs could be effected where
existing generator and feeder stations could
be changed over from hand control to auto-
matic control.

As an indication of the growth referred to
above, the number of automatic stations
and substations installed or under construc-
tion during the year exceeded the total of all
similar equipments of all preceding years.

Prior to 1921, most of the automatic
stations were designed for railway use, but
numerous equipments were provided during
the year for central stations and for the power
systems of ‘a variety of industries.

The following definition may be of assist-
ance in clearing up any misunderstanding as
to what constitutes an automatic station:

An automatic station or substation is one
which, at the indication of a master circuit,
goes into operation by an automatic sequence,
which thereupon maintains by automatic
means the required character of service;
which shuts down and clears itself automati-
cally at the opposite indication of the master
circuit; and which protects itself while
starting, running and shutting down. The
master element may be a contact-making
voltmeter, contact-making ammeter, remote
control switch, float switch, time switch, etc.

Owing to financial and operating condi-
tions the electric railways of the country
confined their purchases, with few exceptions,
to urgently needed equipment. One of these
exceptions was the automatic railway sub-
station (Fig. 14) which had demonstrated
such notable economies as to warrant expendi-
tures even under the existing conditions. A
number of automatic control equipments
which were sold to electric railways during
the year included control apparatus for both
synchronous converters and motor-generators
and a number of complete station equipments
ranging in capacity from 300 kw. to 1000 kw.

Control equipments were also adopted
for .changing over a number of manually
operated stations to automatic control.
Records to date show that the General Elec-
tric Company has installed 96 railway type
synchronous converter automatic control
equipments and nine similar equipments for
synchronous motor-generator sets. The serv-
ice conditions under which these substations
are operating include heavy steam road
electrification, such as Detroit River Tunnel
and Melbourne Suburban Railway, high
speed interurban, suburban and city service.
There have been no material alterations in
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the design of this equipment and new de-
velopments have been mainly confined to
improvement of existing designs to secure
practically standard apparatus.

Automatic stations in the province of
central stations made notable strides. The
first shipments of the equip-
ment for the automatic opera-
tion of the 3-wire Edison sys-
tem of Kansas City were
made. This system will be
fed by two 2600-kw. and eight
1500-kw., 250-volt, 3-wire,
60-cycle synchronous convert-
ers (Fig. 15). One of the large
machinesisregulated byasyn-
chronous booster, the other
machines obtaining their volt-
age regulation by field control
and high reactance transform-
ers. The units will be in-
stalled in pairs in the base-
ments of buildings, but each
unit will feed separate busses.

The converters will start
and stop by load demand;
they are designed to insure

maximum continuity of serv- Fig. 14. Aut

formers and a suitable number of feeders.
Three incoming lines will be provided, one of
which will be a spare. In case of failure of
one transformer or feeder the load will auto-
matically be transferred to the spare trans-
former or feeder. When service has been

ice and are carefully protected
against damage. The control
is such that if one cable fails the machine that
is fed by that cable is automatically trans-
ferred to another cable entering that station.

Automatic control for six hydroelectric
units was installed and is giving very sat-
isfactory service. One 11,750-kv-a. vertical
water-wheel driven generator with remote
control was completed for the Washington
Water Power Company, at Spokane, Wash.
This generator is installed in a non-attendant
station 600 ft. from the substation from which
it will be controlled. It is the largest gen-
erator that has been completed for this system
of control.

A 5000-kv-a. water-wheel generator and
complete automatic control for the New
England Power Company will be located on
the Deerfield River, at Searsburg, in an in-
accessible part of the Berkshires. This unit
will feed into the 66,000-volt transmission
line of the company, starting and stopping
by a time switch. It will be the largest fully
automatic hydroelectric station.

Equipments for the automatic operation of
six transformer and alternating-current distri-
bution stations were installed. The largest of
these stationsis at Kansas City. This station
is laid out for three 3-phase, 6000-kv-a. trans-

tic Switchb
Light, Heat and Power Company, Savannah, Mo.

d and Motor-generator Set, St. Joseph Railwny.

restored on the normal source the load will be
transferred back toit. At present two banks
of transformers and two cables are being in-
stalled.

A combined self-cooled and water-cooled
3-phase, 6000-kv-a. transformer was in-
stalled in an automatic substation of the
Union Electric Light and Power Company,
at St. Louis. The low tension feeder voltage
is controlled by induction regulators having
water cooling coils, and the control of the
water supply to transformer and regulator
is automatic.

In automatic distributing stations the feeder
breakers are designed to reclose after a defi-
nite time when tripped out by an over-
load or short circuit (Fig. 16). If the breaker
is opened three times successively, it is locked
open until reset by hand. The service
given by the reclosing equlpments is so
satisfactory that some companies are in-
stalling reclosing devices in stations in which
attendants are required for other reasons.

There were completed or under construc-
tion at the close of the year twelve automatic
substation equipments for mining and in-
dustries, particularly for coal mining (Fig.
18), which will utilize altogether nineteen



16 January, 1922

converters or motor-generator sets. These
equipments are of widely different character,
covering the following conditions:
Single synchronous motor-generator sets.
Two synchronous motor-generator sets in
parallel in the same substation.

Fig. 16. 4000-volt, 60-cycle Automatic Reclosing Feeder Station

Single synchronous converters.

Two and three synchronous converters in
parallel in the same substation.

Three balancer sets in parallel in the same
substation.

Synchronous Motors

The growing tendency on the part of
central stations to impose penalties for low
power-factor on industrial circuits resulted
in a demand for a type of synchronous motor
which could be utilized to replace squirrel-
cage induction motors for various classes of
industrial machine drive.

A new line of unity power-factor synchro-
nous motors for belt drive was designed for
this particular class of service. They range
in capacity from 75 h.p. at 1200 r.p.m. to 400
h.p. at 600 r.p.m. for standard frequencies
and voltages. These motors are all provided
with direct-connected exciters and the field
is adjusted for full load operation so that
no rheostat or other adjustments need be
made by the operator. With 70 per cent
voltage, a 50 per cent starting and pull-in
torque is developed.
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Another new line of synchronous motors
was designed especially for the operation of
ammonia compressors and is a logical de-
velopment from a previous line intended
for the operation of air compressors.

The important characteristic in these new
motors is the high torque
provided to meet severe
starting conditions. They
have a pull-in torque of
about 40 per cent of full
load and the line ranges
from 100 h.p. at 164 r.p.m.
to 1500 h.p. at 100 r.p.m.

Exciters

The operation of exciters
through a wide range in
voltage has always been
desirable where the exciter
controls a single generator,
in order to avoid losses in
the alternator field rheo-
stat. This could not be
done with the usual design
of exciters used in the past
because of low stability at
low voltage which might
cause loss of voltage during
disturbances. This is true
only when the exciter volt-

Fig. 15. Automatic Switching Equipment for Control ot
1500-kw., 250-voit Synchronous Converter
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age is controlled by hand. If controlled by
a voltage regulator, the regulator would, of
course, correct for the unstable action and no
difficulties would be experienced.

With ordinary exciters the saturation
curve is practically a straight line at the lower
voltages, so that only a slight change in
rheostat setting would give a very large
change in voltage. To avoid this condition,
there was designed a new form of pole con-
struction which gives a bend in the satura-
tion curve at low voltage and thus requires
a greater change in excitation of the exciter
to produce a given change in voltage, thus
permitting operation at the lower voltages
with much greater stability than could be
obtained from older designs.

Oil Wells

During the vear the development of suit-
able motor drive for rotary rigs for oil well
drilling (Fig. 17) was successfully concluded
in the California oil fields. - Trials of various
layouts had been carried on for about two
years and the electrical equipment originally
selected was found to be suitable from the
start.

The chief difficulty was that of a suitable
mechanical drive between the motor and the
drilling rig. The successful arrangement
(Fig. 19) makes use of a cut spur gear drive
from a 600-r.p.m. or 720-r.p.m. induction
motor to a short countershaft, and chain
drive from the latter to the draw-works
spindle of the rotary rig, using standard
‘“rotary” chain. The bearings supporting
the gear and pinion are mounted on a struc-
tural steel foundation, on the bottom of
which is riveted a heavy steel plate web on
which the motor is mounted. The latter is
connected to the pinion shaft by a flexible
coupling.

The extension of the I beams on each
side of the motor is for the purpose of stiffen-
ing the steel plate on which the motor is
mounted. The entire structure is supported
on heavy timbers buried in the ground, as
it has been found by experience that concrete
foundations are too rigid and will usually
shatter under the heavy whipping action of
the drilling stem when striking or passing
boulders.

Generally 75 h.p. is ample in capacity, but
if the driller plans to operate the drilling bit at
a higher speed than the normal average speed,
a capacity of 100 h.p. may be necessary.

A shaft extension is provided on the end
of the countershaft| for a pulley, for belt

drive to the bandwheel if cable tool drilling
is considered advisable for completion of
the well after the oil sand has been reached.
The combined use of rotary and standard
cable tool drilling is quite general practice
in many fields in California. There are

Fig. 17. Motor Driven Rotary Drilling Rig at
Montebello, Calif.

seven of these rigs now working, which have
handled rotary drilling work to a depth of
3000 ft. and finished wells with standard
cable tools to a depth of 4200 ft., without
any trouble whatever and without any oc-
casion for change in any portion of the de-

sign.

Steel Mills

An important event in steel mill electri-
fication was the replacement of the twin
tandem reversing engine, which drove the
first finishing stand of the Lackawanna rail
mill, by a reversing motor equipment.
This equipment was the first main roll
electric reversing drive , produced in this
country to replace an engine. While it
was completed in 1918, conditions at the
Lackawanna plant were such as to make it
inexpedient to install the equipment until
1921.

The motor unit (Fig. 20) has the highest
continuous horse power capacity (8000 h.p.,
50 deg. C.) of any electric reversing drive in
the world. It was designed to roll the first
four of the last five passes on a 105-1b. rail
section at the rate of 240 gross tons per hour,
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the last pass being made in an adjacent mill
driven by a separate engine. The maximum
production so far has been at the rate of
198 gross tons per hour of 105-lb. rail which
exceeds all previous tonnage records of this
mill. A particularly interesting feature is
that this rate of rolling was made with the
last finishing stand disconnected from its
engine and connected to the first finishing
stand so that the motor was driving both
stands and rolling five instead of four passes.

Installation of the induction motors with
double range Scherbius speed regulating
set for driving the 12-in. and 20-in. hot
strip mills at the Gary Works of the Illinois
Steel Company was practically completed.

This equipment includes a 5500-h.p. con-
stant torque induction motor with double
range Scherbius equipment for obtaining
adjustable speed control between 170 r.p.m.
and 105 r.p.m., which is the largest adjustable
speed mill type motor yet built.

Arc Furnaces

The two largest electric furnaces in the
world, for the melting and refining of steel,
were put in operation at the U. S. Naval
Ordnance Plant, South Charleston, W. Va.,
on February 2, 1921.

Each furnace is normally rated at 40 tons
(Fig. 21) holding capacity, each charge
being handled separately so as to keep the
metal as clean as possible, and large ingots
will be formed from two ladles through two
runners. One of the furnaces is fitted with
24-in. carbon electrodes and the other with
14-in. graphite electrodes, thus giving cur-
rent densities of 46.8 and 137.5 amperes per
square inch respectively with the transformer
at its maximum output of 21,200 amperes
per phase. On the basis of 2500 kv-a.,
giving 13,130 amperes per phase, the heat
generated in a 100-in. length of electrode is
respectively 21.6 kw. and 28.3 kw., amounting
to 1 per cent and 114 per cent of the total
input respectively on the basis of 85 per cent
power-factor—a small amount, but con-
tributing to the total useful heat in the fur-
nace.

The electrical equipment (Fig. 22) for
each furnace consists of one transformer,
one switch and instrument panel, one elec-

trode regulator panel, one operator’'s panel,

three electrode motors, and a tilting motor.
Each transformer (Fig. 23) is of the 3-phase

water-cooled oil-insulated type, supplying

17,300 amperes per phase, with 110 volts

between phases, or a total of 3300 kv-a., the -

high voltage winding being designed for
operation from a 6600-volt, 3-phase circuit.
Taps are provided in the high voltage wind-
ings so that full input can be obtained at
100 or 90 volts as desired, the last connection
giving 21,200 amperes per phase.

Fig. 22. Arrangement of High Tension Switching Equipment
for 40-ton Steel Furnace

The electrode motors, whose important
duty it is to control the movement of the
electrodes in response to the action of the
electrode regulator, are designed to deliver
5 h.p. at 1150 r.p.m. when taking power from
a 230-volt direct-current circuit. They are
totally enclosed and provided with self-
lubricating bearings.

Induction Furnaces

Despite the fact that only a few steel
concerns in this country had attempted to
use the induction furnace and that these
had not met with real commercial success,
there appeared to be no fundamental reason
why furnaces of the induction type could
not be made extremely useful in the arts of
metal making, including steel. The problem
of evolving an improved and thoroughly
commercial furnace of this type was seriously
undertaken a few years ago and the results
have been very successful.

Not only have important improvements
been made in the design but, more important
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perhaps, a superior grade of refractory
material for the lining has been developed,
without which the furnace would be of far
less value commercially.

A 250-kw., 4000-1b. furnace (Fig. 24) was
placed in operation nearly two years ago

Fig. 23. High Capacity Transformer of the Type Supplied
for 40-ton Steel Furnace

and it has since then been in continuous
operation for the reclamation of steel scrap,
over 2500 tons of high grade steel ingots
having so far been produced. Although the
process is exceptionally hard on the lining,
it has a remarkably long life as compared
with other types of furnaces. A life of 300
heats per lining is considered normal, and
in 1921 one lining gave over 600 heats during
a run extending over three months.

These furnaces have always offered at-
tractive possibilities on account of the elim-
ination of electrodes, roof upkeep, compli-
cation of leads, etc., and are now available
in reasonable capacities for the melting of
steels and alloys whose constituents are
easily lost by oxidation in other types of
melting furnaces.

Electric Welding

A new semi-automatic arc welding lead,
when used in conjunction with an automatic
arc welding head, retains the continuous
feed features of the automatic apparatus

GENERAL ELECTRIC REVIEW

Vol. XXV, No. 1

yet allows the operator to direct the arc as
required by the conditions of the work;
thereby extending the benefits of the auto-
matic electrode feed to work of unsymmetri-
cal shape.

The field of application of the semi-
automatic outfit is the welding of products
where the seams to be welded are of very
irregular contour, or on very large work
where the travel mechanism and clamping
necessary for the full automatic welder would
be complicated and costly.

Industrial Heating

Considerable advance was made in the
application of different types of heating units.
Exhaustive experiments have shown that
without any deterioration in equipment,
a wider range of temperatures than was
formerly considered possible can be reached
with present types of heating units, and
heating problems which previously were
thought to be beyond the scope of electric
heat are now being successfully solved.

There was an increased demand for electric
furnaces to operate up to 2000 deg. F. (Fig.
25), to be used for a great variety of heat
treating operations. A semi-cylindrical heat
treating furnace was standardized with in-
side dimensions of 1014 in. wide, 21 in. long
and 7 in. from the floor to the center of the

Fig. 24. 4000-1b. Induction Furnace Showing
Rammed Lining in Place

arch; and a box type furnace with inside
dimensions of 18 in. wide, 36 in. long and
24 in. high. There were also two vertical
cylindrical type furnaces produced, one
being 10 in. in diameter by 21 in. high and
the other 17 in. in diameter by 36 in. high.
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These furnaces are completely built up and
equipped with an automatic panel and
temperature control instrument.

\

Fig. 25. Electric Resistance Furnace with Panel for
Automatic Temperature Control

The advantages secured in electric heat
treating furnaces are:

Maximum rate of heating the charge
Automatic control of temperature
Minimum temperature variation in the
furnace
Uniform heating throughout the charge
Maximum efficiency in heat treating
Duplicate results day after day
Elimination of combustion methods with
their attendant uncertainty of results and
general fuel problems.

The uniformity of heating and accuracy of

temperature control give results much su-
perior to those obtained with fuel furnaces.
As an example, it was found that in machining
steel blanks, annealed in an electric furnace
of the type described, the speed of cutting

In the hardening of ring gears in an elec-
tric furnace, it was found that after quench-
ing it was not necessary to straighten the
gears. General practice in fuel fired furnaces
showed that 40 per cent of the gears have to
be straightened, indicating distortion in
heating.

In addition to these standard furnaces,
heating equipment for furnaces of greater
size and capacity was designed and built.
Marked success was secured in furnaces for
baking vitreous enamel and annealing glass.

A new type of heater of low temperature
gradient (Fig. 26) was designed for use in

Fig. 26. Continuous Ribbon Heating Unit
for Floor Mounting

japan baking, drying and tempering ovens.
The development of this heater was due in

. part to the desire by certain manufacturers

for a heater in which the heating ribbon is
continuous or in as long lengths as possible,
in order to reduce as far as possible the
number of bolted or clamped connections
which carry current.

In some localities it is not only practicable
but economical to utilize electric energy for
generating steam. A heating unit (Fig. 27)
with control was therefore developed for
application to standard fire tube boilers.
Wherever there is an excess of hydroelectric
power and a scarcity of fuel, or where a
manufacturer whose processes require steam
desires to do away with the bother and ex-
pense of firing boilers, the electrically heated
boiler is desirable, since it requires no brick
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Fig. 27. Ribbon Resistor Forming Electric Heating Unit for Insertion in Tubes of a Fire Tube Steam Boiler

was increased about 20 per cent over that
possible on steel annealed in the oil fur-
nace.

setting, no stack, no attendance except
occasional observation, and can be located
at the most advantageous point, thus affect-
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Fig. 28. Outline of Electrically Heated Steam Boiler and Control Board for Automatic Pressure Control

ing in many cases considerable economy in
pipe lines and heat losses.

The efficiency of the electric steam boiler
of fire tube type (Fig. 28) is practically 100
per cent, as all the energy is expended inside
the boiler, and if properly heat.insulated the
losses from radiation are negligible. These
boilers will appeal to engineers for the reason
that standard boilers, transformers, governors
and auxiliary devices are used.

To meet a widespread demand for compact
melting pots for solder, tin, lead and babbitt,
there was produced a small self-regulating
solder melting pot (Fig. 29) having a capacity
of 30 Ib. The self-regulating feature on this
pot allows for quick initial heating, and as
the temperature rises the resistance of the
heating units increases and thus the amount
of current is reduced, making for economical
operation and preventing the contents from
burning.

Fig. 29. 30-1b. Self-Regulating Melting Pot

Many manufacturers require larger quan-
tities of tin, lead or babbitt and to take care
of this demand a heating pot of greater
capacity was produced (Fig. 30) which can
be used for temperatures up to 1100 deg. F.
This pot has a capacity of 1000 1b. of lead,
the equipment including the pot, supporting
plate, heating units, insulators, automatic .
control panel and temperature control in-
strument.

The advantages of the application of elec-
tric heat for purely local purposes are being
widely recognized. Where formerly gas,
steam, kerosene or gasolene flames were
used, requiring considerable piping and at-
tended by many other disadvantages, the
cartridge unit and the helical core unit have
met with marked success, as they concentrate
the heat where desired and do away with
piping, are easy to install, improve working
conditions, operate efficiently, and maintain

Fig. 30. Details of 1000-1b. High Temperature Melting’Pot Not Bricked Up
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the same even temperature without adjust-
ment. The helical core unit (Fig. 31) can be
made up into a very compact and long lived
immersion unit.

TRANSFORMERS

There were three very noticeable advances
in transformer construction. The first of
these was the marked increase in the use of
permanently grounded terminal transformers
on grounded neutral systems; another was
the increase in the use of large capacity,
high voltage transformers; and the last was
the great increase in the use of the oil con-
servator and its adoption for lower capacities
than had been used prior to 1921.

High Voltage Transformers

The four 8333-kv-a., 220,000-volt single-
phase water-cooled transformers for the
Southern California Edison Company (Figs.
32 and 33) were completed, shipped and

"y
I

Fig. 31. Helical Core Standard Type Heating Units

These transformers were designed for
grounded Y service and are equipped with only
one high voltage bushing, the other end of
the winding being permanently grounded to
the tank to form a grounded neutral. The
high voltage winding was composed of two

sections in multiple, the line lead being located
at thecenterof the coil stacks, and the grounded
lead at the ends of the stacks. These trans-
formers were the first built for 220,000-volt
commercial service, but at the present time
are operating at 150,000 volts, pending the

Fig. 32. High Voltage Side of 220,000-volt
Transformer

change-over of this system to the higher volt-
age.

It has been found that the concentric
arrangement of circular high and low voltage
coils 1s the only one which is satisfactory for
transformers$ designed for very high poten-
tials. Not only is the space factor greatly
improved by this construction, but the major
insulation between windings is very simply
obtained by a group of several insulating
cylinders of high mechanical and dielectric
strength.

There were under construction seven 7500-
kv-a., 220,000/100,000/110,000-volt, 60-cycle
single-phase water-cooled transformers for
the Pacific Gas & Electric Company, having
an output capacity of 16,666 kv-a. and pro-
vided with three windings; the tertiary
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winding giving 13,333 kv-a. for the operation
of 11,000-volt synchronous condensers.

Transformers of Large Capacity
The development of a satisfactory means of
dissipating the losses in large self-cooled

Fig. 33. Arrangement of Coils and Leads of
220,000-volt Transformer

transformers, namely, separable steel radia-
tors, resulted in a demand for larger self-
cooled units. Three transformers rated
10,000 kv-a. 27,600Y/13,800Y volts (Fig.
34) were built for the Milwaukee Electric
Railway & Light Company. In kilovolt-
amperes capacity they are the largest trans-
formers of this type.

Four combination self-cooled water-cooled
units rated 7500/15,000 kv-a., 22,000Y/-
33,000Y-12,600 volts were constructed for
the Commonwealth Edison Company of
Chicago. These have a self-cooled rating
of 7500 kv-a., and by circulating water
through the cooling coils the rating may be
increased to 15,000 kv-a.

Two three-phase water-cooled units were
built which were rated 10,000/20,000 kv-a.,
62,000Y-11,000 volts. These were designed
for either 25-cycle or 60-cycle operation, the
higher capacity rating corresponding to
the higher frequency.

There were also a considerable number of
large capacity units completed or under
construction for foreign countries. These
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include both water-cooled and self-cooled
types and are mostly for 50-cycle service.
They range in capacity from 7500 to 14,000
kv-a. with high potential windings up to
132,000 volts. They will be placed in service
in South America, Europe, Asia and Australia.

Among these foreign units are seven
single-phase water-cooled transformers rated
3333-kv-a., 105,000-volt, 50 cycles for service
in France. These units are all provided with
ratio adjusters and are the first high voltage
transformers built for Europe which are so
equipped.

The use of the ratio adjuster (Fig. 35) in
the United States was greatly extended dur-
ing the year and it was applied to larger
sizes than in previous years, being now
available for capacities up to 115,000 volts
at 200 amperes. When ratio adjusters are
used on transformers with conservators, it is
necessary to bring the operating handle and
position indicator outside the tank, and at

Fig. 34. Arrangement of Radiators on 10,000-kv-a.
Self-cooled Transformer

the same time to maintain an oil-tight joint.
A design has been developed for this purpose
and is now regularly supplied.

The previous low limits for transformers
equipped with conservators were 7500 kv-a.
at all voltages and 80,000 volts at all kilovolt-
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ampere capacities, but during the year nu-
merous units with ratings ranging down to
2500 kv-a. were so equipped and the economy
and reliability secured in actual service with
these units indicate the entire feasibility
of applying the conservator to transformers
of lower capacity.

The advantages resulting from the use
of the conservator have been known for some
time; namely, the protection from condensa-
tion of moisture in the oil, the elimination of
possible explosion of mixtures of gas and air at
the top of the tank, and the practical elimina-
tion of sludging of the oil due to its oxidation
when in contact with air at fairly high tem-
peratures. During the vear it was further
found that the life of fibrous insulating
materials is considerably increased by the
use of the conservator. The decrease in
aging due to the use of the conservator
offers an advantage of about 10 deg. C. in
temperature; that is, the deterioration at
105 deg. C. with a conservator is no greater
than the deterioration at 95 deg. C. without
a conservator.

Another self-apparent feature is the im-
mediate detection of leaky cover or bushing
joints, and the impossibility of moisture
entering the transformer at these points.

In the January, 1920, issue of the GENERAL
ELecTtric REVIEW mention was made of
the use of the four-part distributed core

Fig. 35. 110-kv-a., 200-ampere
Ratio Adjuster

(Form K) for larger transformers. This
construction has since been used on some
transformers rated 1500 kv-a., 72,600/13,200
volts. It is probable that in the near future
it will be used for moderate voltage trans-
formers up to 2500 kv-a.

TRANSMISSION LINE CHARACTERISTICS
AT ONE MILLION VOLTS

Twenty-three hundred volts from a 60-
—cycle generator were stepped up by a trans-
former to a million volts and higher in the
high voltage engineering laboratory at the

Fig. 36. 1,000,000 Volts Arcing Across a 9-ft. Spark Gap

Pittsfield Works, and this was transmitted
over a short section of transmission line (Fig.
36). This line was insulated with ordinary
porcelain insulators and the conductors were
free from corona. As far as is known this
is the first time that a million volts has been
produced at commercial frequencies.

The importance of these tests from the
transmission line standpoint is that apparatus
has been built and a short line insulated far
above immediate requirements.

For some time engineers have been able
to predict with certainty corona and spark-
over characteristics of high voltage trans-
mission lines. These predictions were based
on laws of corona establisheds by careful
tests made up to about 250 kv. and on spark-
over curves established on needle and sphere
gaps and line insulators at somewhat over
double this voltage. As is mentioned else-
where, commercial apparatus has already
been built for 220-kv. operation.

It was of great present theoretical and
probably future practical interest to deter-
mine experimentally if there was a discon-
tinuity in the established laws and curves at
a million volts or over. While no deviation
was expected, assurance was not possible
until actual tests had been made.
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Tests up to about 1100 kv. were made on
the various elements entering a transmission
line as follows:

(a) The spark-over curve between points
showed no discontinuity. The spark-over
at 1000 kv. was found to be about 105 inches.

Fig. 37.  Shield for Equalization of Voltage on Insulators
Showing Dry 60-cycle Arc-over on a Shielded String

(b) The spark-over curve between 75
cm. spheres showed no great deviation from
calculated values.

- (¢) Tests were made on strings of line
insulators and the spark-over voltages were
as expected. For instance, a string of eighteen
standard suspension insulators arced over at
about 900 kv., while a string of twenty-two
insulators did not arc over at over 1000 kv.

(d) Visual corona tests were made on
314-in. diameter brass tube lines, single-phase.
The corona starting voltage, about 900 kv.,
checked with the calculated value.

As a resudt of these tests, a million volts
are now available for laboratory work, and
transmission systems with potentials greatly
in excess of those used commercially at the
present time can be accurately calculated.
The future effect of this investigation on super-
power zones is, of course, problematical at pres-
ent, but it is interesting to recall that 220,000
volts were produced in a similar manner
about twenty vears before being applied
commercially.

The production of a million volts could
not have been accomplished without suitable
insulation, and experiments during the year
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have proved that this feature will not limit
the development of higher voltage trans-
mission lines.

When a number of suspension insulator
units are placed in series the voltage does not
divide evenly over the string. In fact,
when over five units are used 20 to 30 per
cent of the voltage appears across the line
unit. As can be readily seen, this becomes
serious at the higher voltages when the
stresses across the units near the line become
very high.

The uneven distribution is caused by the
capacity and resulting dielectric stress to
ground. It was found that the uneven
voltage distribution can be readily corrected
by means of an electrostatic flux distributing
shield (Fig. 37) placed at the line end. The
shield in effect eliminates the disturbing
flux to ground and causes each unit to take
its share of the voltage. By using this shield
it is possible to have lower unit stresses on
the insulators of a 220-kv. line than those
existing on present 110-kv. lines. Fig. 37
shows an arc-over on a shielded string of
insulators.

Shielding has other important uses, and
its advantages may be summarized as
follows:

(a) Causes even distribution of voltage
on the string.

(b) Prevents corona on the units.

(c) Directs arcs away from the string.

(d) Reduces surface voltage stresses, and
this increases arc-over on a string where part
of the units have become conducting because
of dirt.

(e) Does not require special insulators.

Current Limiting Reactors

Since reactors are intended to function
under abnormal conditions only, such as
short circuits, it is necessary that they be
designed very generously so as to have an
ample factor of safety for both the currents
and voltages developed under these abnormal
conditions. In order to demonstrate that the
cast-in concrete type of reactor will protect
under abnormal conditions, tests were made
during the year on a large operating com-
pany’s system, under the most severe con-
ditions of short circuit obtainable. These
tests fully proved both the reliability and
the mechanical strength of this type of re-
actor. The normal capacity of the .system
used in these tests was 150,000 kw.

For several years there has been a demand
for reactors suitable for outdoor installation,
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and this demand increased notably during
the year. To be suitable for this service, the
reactor must. be able to function under
the most adverse conditions. Similar tests
were therefore made on the same system with
outdoor reactors under conditions represent-
ing the heaviest precipitation of rain. These
tests were unqualifiedly successful, thereby
demonstrating ‘that outdoor reactors of sub-
stantially standard construction can be safely
used where this seems necessary from an
operating standpoint.

Under certain conditions it is desirable
and economical to install reactors in high
voltage lines, and several reactors were built
for service in 66,000-volt circuits. The wind-
ings were constructed and insulated in the
same manner as in a transformer of the same
voltage, and because of the high voltage they
were oil immersed and were contained in a
corrugated steel tank when self cooled, or
in steel plate or corrugated tank (Fig. 38)
when water cooled.

Since they were current-limiting reactors,
it was necessary that they have a straight
line volt-ampere characteristic. ~For this
reason they had no iron cores and unless
properly confined the flux would pass into
the containing tanks, causing excessive losses.
This condition was avoided by placing a
short circuited winding outside the reactor
and adjacent to the walls of the tank, effec-
tually preventing the flux from flowing into
the tank and minimizing the losses. On
water-cooled reactors the cooling coil was
utilized for the flux shielding winding.

Research Laboratory

The work of the Research Laboratory
during the year resulted in a number of
important developments, some of which have
already been turned to practical commercial
use. Space limitations prohibit more than
a brief reference to some of the more im-
portant achievements.

A highly efficient photo-electric cell was
produced which comprises a sealed tube
having a central anode and a cathode con-
sisting of a coating of silver formed upon the
wall of the tube and upon which metallic
potassium has been deposited. An opening
in the cathode is left to provide a window for
the passage of light which falls on the interior
surface of the cathode. The cell is highly
sensitive and permanent in its characteristics.

In operation, this cell is placed in series
with a suitable supply of potential, such as a
pliotron tube, and the current values of the

circuit vary with the amount of light entering
the cell. A great variety of applications are
possible with this cell; among them the trans-
mission of pictures by radio is probably made
feasible.

Fig. 38. Oil Insulated Disc Coil,
Water-cooled Reactor

A kenotron rectifier was constructed for
use in smoke precipitation, with a rating of
0.25 ampere, 100,000 volts.

In connection with turbine research work
a condenser was constructed for spark dis-
charge photography, which of course is avail-
able for any high speed work of similar
character. The camera takes a film of 100
pictures at the rate of 1000 per second. This
means that for a 25-cycle phenomenon there
will be 40 pictures per cycle and 214 complete
cycles per film, and on 60 cycles there will be
1624 pictures per cycle and six complete
cycles per film. This camera has been applied
to the photography of transformer coil dis-
tortion on instantaneous short circuit.

An interesting form of automatic motor
starter consists of a unit resembling a large
sized sheath wire unit but insulated with
copper oxide, which has a high resistance
when cold and low resistance when hot.
The unit is placed in series with the armature
and a relay provided to short circuit it when
the motor is up to speed.
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Carrier Current
A demonstration of the application of

‘‘carrier current’”’ communication from a
moving car was made in November, 1921, and
represents an important advance in electric
train operation. The system was developed
to provide better means of communication
between the locomotive and caboose of long
trains and between trains and substations or
waiting rooms of electric railroads.

The operation of the system is as follows:
The trolley wire, carrying current to the
electric locomotive or trolley car, is used as a
carrier of telephone communication by means

Fig. 39. Operation of Carrier Current Communication
on Test Car

of another current of different frequency,‘

which is superimposed on the wire and travels
along it. This ‘“‘carrier current,” properly
modulated by speech, is drawn off by special
apparatus (Fig. 39) to a telephone instrument.
At any point along the line, however, the
message speeding along the trolley wire may
be transmitted short distances through the
air and made to energize an instrument in a
substation or waiting room, becoming audible
through a receiver. In effect the system
transmits messages electrically partly over a
wire and partly through space

In tests engineers have not only been able
to telephone but to operate relays, light
lamps and start and stop one car from another
car at a distance of a mile and a half. Com-
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munication by this means has been effected
successfully over distances of from 40 to 60
miles. '

Oil Immersed X-ray Apparatus :

An important advance in the development
of X-ray apparatus successfully eliminates
the danger of electric shock to patient and
operator by complete isolation of the high
tension sources within a grounded, oil-filled
metallic container. This receptacle contains
the X-ray tube, high tension transformer,
and the stabilizer, the whole weighing only
20 1b.

Fig. 40. Dental Oil Immersed X-ray
Outfit in Use

The metal container is mounted in a
rotating forked steel bracket (Fig. 40) giving
thorough freedom of motion both vertically
and horizontally through a considerable space
and with just sufficient friction to hold it
wherever put. The bracket may be sup-
ported from the wall, or when used for dental
radiography, which is believed to be one of
its most wuseful applications, from some
existing dental fixture. The X-rays pass
through the top of the sealed container and
are focused by a bakelite tube attached to the
container which also serves as a mechanical
contact between the outfit and the patient.

The outfits operate on ‘40,000 volts, 10 milli-
amperes in the small size apparatus suitable
for dental purposes, and 60,000 volts, 50
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milliamperes in a larger outfit intended for
more general work. The tube is of the self-
rectifying type and is materially smaller than
any yet developed, being only 534 in. long.
Except for its small transparent window of
lime glass through which the X-rays pass it
is made of glass containing 55 per cent by
weight of lead. This affords protection equal
to 4% in. of sheet lead.

The small stabilizer serves to hold the
milliamperage constant at the predetermined
value. This is hermetically sealed in a small
bakelite box supported by insulators from the
cover of the oil-filled container. The oil in
the tank expands as its temperature rises and
flows through a small capillary tube into an
air chamber which is so designed that the air
cannot escape into the main tank.

200,000-volt D-C. Generating Apparatus

In order to satisfy a demand for some
effective method of generating high tension
direct current, an outfit was developed capa-
ble of producing direct current at 2 kw.,
200 kv., by rectifying high tension alternating
current. Aside from X-ray therapy, this
outfit will be found useful for laboratory
applications, such as research work on X-ray
spectra, study of corona and sparkover as a
function of potential, and insulation tests.

The generating equipment consists of a
small, 2000-cycle, 2-kw., 110-volt generator
driven by a 125-volt direct-current motor,
a transformer, four kenotrons, and a series of
condensers and choke coils. By means of
this apparatus the X-ray tube, for example,
is supplied with 10 milliamperes at 200 kv.,
with a ‘“‘ripple” varying from 1 per cent to
0.1 per cent, depending on how many
refinements in the way of choke coils, con-
densers, etc., are used.

In operation, the motor-driven generator
supplies 110-volt, 2000-cycle current to the
transformer. The generator is excited from
a direct-current source, and by means of a
rheostat in its field can be controlled so as to
give from 50 to 200 kv. at the terminals of
the X-ray tube. The transformer is wound to
give 75 kv. on the high tension side and has
an air gap in the magnetic circuit. When
untuned it requires 75 amperes magnetizing
current. One end of the high side is grounded,
the other goes to the rectifying circuit.

To understand the operation of the outfit
it is necessary to have some idea of how a
kenotron functions in rectifying the current.
A kenotron consists of a hot filament cathode
and a metal anode in a vacuum, the con-

ductivity being entirely due to the passage
of the electrons emitted by the hot filament.
For this reason the conductivity is entirely
uni-directional in character. In other words,
the resistance to a wave of alternating current
is very low in one direction, but when the
current starts to reverse, it encounters infinite
resistance and cannot pass over. The result,
from a single kenotron, is a series of half
waves, giving what amounts to a pulsating
continuous current, of the same value as the
original alternating current.

In this equipment the half waves are made
to charge a condenser, which discharges in
the same direction when the transformer
potential falls below that of the condenser;
or, when no current is flowing from the keno-
tron, the condenser supplies the current by
discharging, thus rendering the pulsations of
continuous current smaller. The condenser
cannot discharge back through the kenotron
on account of the latter’s resistance to the
flow of current in the reverse direction.

By connecting in two pairs of kenotrons,
with the anodes and cathodes reversed, and
two pairs of condensers, both halves of the
alternating-current waves are used, with
the result that the direct-current voltage pro-
duced is twice the maximum voltage given by
the transformer, or 2.8 times the effective
voltage of the transformer.

Radio

Notable progress was made in the develop-
ment and design of apparatus and devices for
radio telephony and telegraphy, and during
the year many of the new devices were pro-
duced in quantity on a commercial basis.

The improved equipments for transoceanic
receiving systems permits practically con-
tinuous reception even under the most
adverse operating conditions. This new
type of equipment was installed in several
stations on the Atlantic Coast and three
complete sets are under construction for
installation in Poland.

For high power transmission, 21 200-kw.
Alexanderson high frequency alternator equip-
ments were completed. Some of these
machines are now in operation on the Atlantic
and Pacific Coasts of the United States, and
in Hawaii and England. The most con-
spicuous installation is that near Port Jeffer-
son, Long Island, in the great radio central
station which, when completed, will be the
largest and most powerful in existence, insur-
ing a transmission range that is practically
world wide.
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Low power commercial sets (Fig. 41) suit-
-able for either marine or land service were
developed for both telephone and telegraph
transmission. The vacuum tubes used in
these sets are rated at 0.2 and 1 kw. In
addition there were produced a 2-kw. and

Fig. 41. 1-kw. Commercial Radio Transmitter

4-kw. vacuum tube transmitter, a duplex tele-
phone equipment and an accessory unit, for
use with the present spark set ship installa-
tions, providing continuous wave telegraphy.

The first installation of a 2-kw. set (Fig. 42)
was made at Almirante, Republic of Panama,
for the United Fruit Company, and gives a
66 per cent greater signal strength at a dis-
tance of 1550 miles than a 25-kw. spark
transmitter at a distance of 960 miles. For
use with these transmitting sets there was
standardized and produced in quantities a
complete receiving equipment. The vacuum
tube detector and amplifying units of this
equipment (Fig. 43) utilize a special form of
metal case which provides a maximum
amount of shielding and accessibility.

In the manufacture of the commercial sets,
there was standardized a full line of com-
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ponent parts which are available to the radio
experimenter. This enables the experimenter
to assemble these parts as complete equip-
ments and permits the selection of various
combinations and capacities at a minimum
expense. Included among these component
parts are such signal developments as the
magnetic modulator and the radio frequency
intervalve transformer.

A complete line of three element tubes for
radio purposes was produced in quantities.
For receiving purposes, there is an unusually
sensitive gas content detector and also an
amplifier, both of these being long life tubes.
For transmission, there are now available

Fig. 42. 2-kw. Radio Telegraph Transmitter
for ‘‘Almirante”

tubes giving an output of 5, 50, 250 and 1000
watts, and also a line of kenotrons to provide
high plate voltage for the different pliotrons
as an alternative to high voltage generators.

Industrial Control
The vast forces employed in the electrical
operation of steel mills and various industrial
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applications where large motors are operated
under severe service conditions must be
controlled with absolute reliability in order
that the operation of the machinery may be
both safe and efficient.

It is therefore evident that the design of
the controlling apparatus is as important as
that of the machinery which is controlled
and the degree to which success is attained

Fig. 43. Commercial Short Wave

in the numerous industrial installations is
directly dependent on the efficiency and
reliability of the detail elements which are
used for their control.

The industrial control "developments in-
cluded radical improvements in previous
designs and methods of manufacture which
resulted in greatly increased life and relia-
bility for many of the basic control elements.
Among the more important of the new pro-
ducts are “bent-frame’ direct-current shunt
contactors, voltage-drop relays, plunger type
series contactors and open-phase and phase-
failure relays. .

The ‘‘bent-frame’” type of direct-current
shunt contactors (Fig. 44) utilizes pressed
steel and punchings for many parts which
were made up of castings in previous designs.
The rupturing capacity has been increased
by means of arcing horns on the tips, large
pear-shaped pole pieces and restricted arc
chute openings, so that when the arc is
formed it is instantaneously extended, cooled
and broken; thereby lengthening the life of
the contact tips and minimizing the burning
effect on the chute adjacent to the tips.

On the “bent-frame’’ type, the total elapsed
time from energizing the coil until the arma-
ture is closed 1s a little less than for earlier
designs; but the time from beginning of the
movement of the armature until it is closed
is considerably less. The smaller inertia of
the armature gives a higher speed to the tips
and decreases the possibility of ‘‘freezing”
especially when ‘‘jogging.”

The new voltage-drop relays are used to
electrically interlock shunt contactors in

such a manner as to govern the time and se-
quence of their closing when short circuiting
steps of a resistor, a function which current-
limit interlocks have performed in the past.
Each current-limit interlock has been mechan-
ically connected to a contactor and has been
operated by a current coil connected in series
with the controlled motor. This system
imposed a mechanical burden on the con-

Radio Receiving Equipment

tactor and exposed the interlock, which was
of necessity more or less delicately adjusted,
to the jars of the contactor; distributed the
interlocks over the panel so that they could
not be adequately protected against the
excessive accumulation of dust and the action
of corrosive gases; and necessitated a series
coil that was designed according to the value
of full-load current of the motor for each
interlock.

The operation of the relays (Fig. 45) is
mechanically independent of all other units.
They can therefore be grouped on the

Fig. 44. 150-amp. Bent- Fig. 45. Voltage Drop
frame Type, Direct-cur- Relay
rent Shunt Contactor

base of some panel (Fig. 46) and enclosed.
Each relay has two shunt-wound coils, one
of which functions in a way which corresponds
to the action of the mechanical connection
between a current limit interlock and a con-
tactor and another which has the same
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function as that of the series coil of the inter-
lock.

The relay functions on the drop in voltage
across a step of the armature resistor so as to
give true current limit acceleration similar
to that of a current-limit interlock, but in

Fig. 46. Arrangement of Panel with Voltage Drop Relays
Enclosed in Protecting Case

addition it has a definite time element. This
time element is obtained by the inductance
in the relay and is adjustable, but after adjust-
ment it is not subject to change as are the
time adjustments that are obtained by dash-
pots and other mechanical appliances.

The combination of current limit and
time element is particularly desirable in the
control of motors that are occasionally
required to accelerate loads much greater
than normal. When accelerating a heavy
load the current-limit characteristic governs
the operation and allows current inrushes
sufficient for the torque required, but when
accelerating a light load the time element
governs the operation and limits the current
peaks to much lower values.

The development of the gap-adjusted
plunger type series contactor (Fig. 47) has
logically resulted from the simple type of
control possible with series contactors and its
consequent widespread application. It is

GENERAL ELECTRIC REVIEW

Vol. XXV, No. 1

made in three forms, viz., with a series coil,
with a series coil and a shunt coil, and with a
series coil, a shunt coil, and a magnetic
blowout.

The principal application of these con-
tactors is to short circuit steps of an accelerat-
ing resistor. They provide current-limit
by means of the series coil, which is ordinarily
connected in series with the accelerating
resistor or motor armature or both. For
applications in which it is sometimes required
to accelerate a motor with such a light load
that insufficient current to close the contactor
would be encountered, and also for applica-
tions where the load of the motor might
become small enough to let the contactor
open, a shunt coil which furnishes sufficient
flux to close the contactor is also supplied.

It was found that a good many polyphase
motor burnouts are due to attempting to
operate single-phase and this caused a demand
for a reliable and inexpensive open-phase
protective relay. Most relays designed for
this purpose depend for their operation on an
unbalancing of the line voltage at the motor
terminals, caused ‘by the single-phase con-
dition. Obviously, a single-phase condition
does not always cause voltage unbalancing,
as for example, a lightly loaded motor operat-
ing from a supply whose voltage is well

maintained. .
/

Fig. 47. 300-amp. Gap Adjusted
Plunger Type Series Contactor

The open-phase and phase-reversal relay
(Fig. 48) equipped with series coils provides
protection against phase failure when the
motor is running and also operates upon
attempting to start the motor single-phase.
It also provides reverse phase protection.
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Printing Press Control

A line of predetermined speed, push button
operated printing press controllers of the
totally enclosed type was produced (Fig. 49).
By means of an externally operated handle

Fig. 48. Open-phase and Phase Reversal Relay

the speed can be set at any predetermined
value. Enclosed push button stations mounted
upon the press enable the operator to jog,
start the press and run it up to the prede-
termined speed, slow it down to a minimum
speed, or stop the press quickly through a
dynamic brake. There is no possibility of
coming in contact with any live parts and
fire risk is absolutely removed.

all types of printing and allied machinery
involving vanable speed and starting under
load. As the controller is totally enclosed
it is protected against dust and dirt and tends
to keep in perfect condition.

Fig. 49. Safety Type Predetermined Speed Controller

Blower and Fan Control

In the control of electric motors for operat-
ing blowers and fans in public buildings,
office buildings, schools, theaters, etc., there
has gradually been reached a standardization
on enclosed designs of the safety type.
Such controllers must be protected against
accidental personal contact with live parts,
and they should be locked against starting or

Fig. 50. Boom Mounting for Rock Drill Installed on Mine Car

The controller provides for acceleration
both by a current limit lock-out contactor
and a counter e.m.f. contactor according to
the individual requirements. It is built in
sizes from 14 to 20 h.p. and is adapted for

changing of the speed by tenants of the build-
ing or other unauthorized persons.

The new controller is contained in a sep-
arate cabinet provided with hinged lock.
The switch and fuses are contained in a
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separate box of safety-first construction,
so arranged that the cover cannot be opened
to remove the fuses without opening the
switch. The fuse compartment is on the dead
side;of the switch, making all contact with
live parts impossible.

Fig. 51. 100-amp. Safety Enclosed Overload
Air Circuit Breaker

The enclosed controller and the enclosed
switch are both mounted upon pipe frame
work- suitable for floor mounting, the whole

Fig. 52. 2400-amp., 250-volt Direct-current
Circuit Breakers Mounted on Feeder Bars

equipment being wired up in rigid pipe with
no exposed parts of any kind." It may be of
the manually operated type or of the remote
predetermined push button operated type,
the same method of mounting and enclosing
being employed in either case.
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Boom Mounting for Rock Drill

To meet the demand for a more nearly
universal mounting to support the Fort
Wayne electric rock drill, a boom mounting
for installation on a mine car was developed
to take the place of the tripod and column
mountings previously used. With a drill
so mounted on a mine car (Fig. 50) all the
work of moving the drill and of set-ups is
eliminated. The drill can be quickly and
easily adjusted to any desired drilling position
as the lifting and shifting of the drill is done
by the boom.

This mounting is adaptable to any char-
acter of work; for instance, drilling top
and bottom in coal mines, driving tunnel,
etc. It will handle a tunnel 7 ft. high
by 12 ft. wide and will pass under a head-
room of 3 ft. measured from the top of
the track rail.

" The device consists of a steel bed which
supports the boom, and rests on two channel
irons bolted to the bed of a mine car. The
boom is a V shaped steel structure, one end
being held in position by a through stud
about which it can revolve, the outer end
being raised or lowered as desired by means

Fig. 53. 15,000-volt, 400-amp. Triple Pole
Solenoid Operated Oil Circuit Breaker

of a jack screw passing through a nut in
swivel bearing supports. An adjustable arm
to support the drill saddle and drill is mounted
on the outer end of the boom. A mine car
of at least 42 in. wheel base should be used
for the outfit.
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Switching Apparatus

The latest type of small safety enclosed
air circuit breaker is mounted in a metal box
(Fig. 51) and is tripped from the outside of
the box by a button attached to a tripping
shaft connected to the breaker tripping
device.

The closing is accomplished by a pivoted
arm rotated in one direction to close one pole
and in the opposite direction to close the other
pole, thus leaving the pole first closed free
to trip if the other pole is being closed on a
short circuit. The handle returns to the mid-
position when released by the operator.
There are slots in the front of the box through
which an indicator shows green or red, de-
pending upon whether the respective poles
are open or closed.

As safety features, there are means for
locking the cover on the box and for locking
the operating handle so that only an author-
ized person can reclose the breaker after it
has been tripped, either automatically or
manually. If the lock is not used the breaker
can be closed by any person at any time.

Fig. 54. Removable Stn(le Pole Unit for
I d Phase A

The breaker can be tripped manually or
automatically at any time regardless of the
locking features.

A new type of solenoid operated air circuit
breaker was produced for use in bus bars
where space is limited. These circuit breakers

are non-automatic and are used on 250-volt,
2400-ampere circuits. They are made up as
entirely separate units and may be secured
into place on the feeder bars (Fig. 52) from
the front by tightening the nuts on three
studs at each side of the breaker. The upper

Fig. 55. Motor Operated Mechanism for Oil Circuit Breaker
for Isolated Phase Ar t

contact block is insulated from the other
parts of the breaker, and the bus bars to
which the breakers are connected are run
horizontally back of and are supported by a
suitable iron framework. The framework
or feeder bar on which the breakers are
mounted is supported by insulated studs
at the top and bottom.

Standard push button control switches are
used to operate the breakers, and control
circuits are arranged simultaneously to close
or trip the positive and negative breakers.

An oil circuit breaker originally designed
for outdoor service and pole mounting was
developed for ground or floor mounting.
The pole-mounted breaker is manually oper-
ated only, but the ground-mounted breaker
(Fig. 53) can be operated manually or by
solenoid; the solenoid being located on the
ground or floor in a weatherproof case. The
solenoid can be tripped from the outside of
the weatherproof case, which has removable
doors. Relays can be mounted inside the
weatherproof housing if required.

A very important line of large central
station cell-mounted oil circuit breakers
embody several new ideas. The oil tanks
are oil tight, gas tight, and electrically dead.
Each pole is mounted on a truck (Fig. 54)
and can be quickly removed from the cell
for inspection or repair and a spare unit in-
serted. The contacts and other current
carrying parts can be removed from or
replaced in the oil tanks as a unit. In each
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oil tank there is a gas vent which can be
connected to a pipe for leading away any gas
generated when the breaker has interrupted
the circuit under load.

The cells containing the oil tanks can be
arranged in the ordinary manner for motor

Fig. 56. 200,000-volt Oil Circuit Breaker Show-
ing Arrangement of Triple Solenoid
for Operating Mechanism

operated oil circuit breakers, or they can be
arranged according to the separated-phase
system in which all breaker poles, discon-
necting switches and bus work for any par-
ticular phase are installed in a cell structure
isolated from the other phases.

In a recent installation of these breakers
arranged for operation as a separated-phase
system, the switching equipment is mounted
in three stages.or tiers, one above the other.
The lowest comprises the oil circuit breakers,
the second the disconnecting switches, and
the top the main operating mechanism and
the unit mechanisms.

The breakers are motor operated (Fig. 55)
through three paralleling mechanisms, one
per pole, which are actuated by a heavy main
operating mechanism so constructed that the
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motor which operates it compresses a number
of strong spiral springs. The springs when
compressed have sufficient energy for both
the opening and closing strokes. As a safety
feature the motor follows the spring action
in the opening stroke to assure an absolute
opening operation.

Disconnecting switches of special design
and of the same capacities as the breakers
are also included in the equipment and are
operated from the breaker mechanisms to
close before the breaker closes. The discon-
necting switches are also adapted to manual
operation and when so operated can be thrown
to a third position so as to ground the oil
circuit breaker. The disconnecting switches
are double-throw and there are six to each
triple-pole breaker.

In the opening stroke the opening of the
breakers is followed shortly after by the

Fig. 57. One of Top Bushings of 200,000-volt
Circuit Breaker Being Installed

opening of the disconnecting switches; the
circuit then being opened cannot again be
closed until the springs are again compressed
for the operation of the opening and closing
stroke. Interlocks between the oil circuit
breakers and the disconnecting switches
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prevent the disconnecting switches from either
being opened or closed when the breaker is
closed.

The main operating mechanism is controlled
by a three-button control switch with visual
indicating signals. A white light indicates
that the breaker and disconnecting switches
are open and that the springs in the main
operating mechanism are relaxed with all
energy expended. When the first control
switch is closed the motor compresses the
springs, closes the disconnecting switches,
and the indication that all is in readiness for
the closing of the oil circuit breaker is given by
a green light. The second control switch is
then closed and the mechanism functions and
closes the oil circuit breaker, indicating by
a red light that the circuit has been com-
pleted. Then when it is desired to open the
breaker the third control switch is closed and
the breaker trips out, the disconnecting
switches follow, and the white light gives this
indication.

These breakers have been made up to 3000
amperes, 15,000 volts, but can be built for
higher current capacities.

The line of outdoor high voltage high
capacity oil circuit breakers was extended

Fig. 58. Direct-current Underload and
Reverse Power Relay

during the year from 165,000 to 220,000 volts
by .the production of the largest units ever
built. Three solenoids, one on top of the
other (Fig.56), are used to operate the breaker.
The tanks are equipped with three-ply press-
board linings, and with oil filling and oil

draining valves. A manhole in the dome cover
allows entrance to an empty oil tank for
examination of the explosion chambers and
the operating contacts. Each breaker is
equipped with an indicator which tells

Fig. 59. Temperature Relay for Automatic
Switching Equipment

whether the contacts are in the closed or
open position.

Fig. 60, Temperature Relay for Protection of
Waterwheel Generators

The breaker with mechanism weighs ap-
proximately 25 tons, is 2214 ft. from the top
of the bushing (Fig. 57) to the bottom of the
tank, and has an overall length of 34 ft.
Each oil tank requires approximately 5000
gallons of oil.
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Relays*

A direct-current reverse power and under-
load relay (Fig. 58) was developed to com-
bine these two protective features in a single
device. It has two pairs of contacts and a
single pivoted armature actuated by one
potential and two currept coils. This relay
is used principally in "automatic stations.
Under normal opergtifig conditions one pair
of contacts is opegiand the other closed. If
the current on the line drops below the under-

Fig. 61. 7500-volt, Alternating-current Safety Enclosed Unit
Removable Truck Switchboard Panel

load setting of the relay the underload con-
tact opens and starts to shut down the ma-
chine in the normal stopping sequence. If
the power reverses, the reverse power contact
will close to cause the opening of the direct-
current interrupting device.

Two new thermal relays, applicable espe-
cially to automatic stations, were used exten-
sively. The first relay (Fig. 59) used for the
protection of synchronous generators con-

* Description of other extensive relay developments by the
Switchboard Department has been withheld for publication as a
separate article in an early issue of the REViEW.—EDITOR.
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sists of a heating element to which is attached
a thermo-couple which operates the primary
contacts of the relay. The heating element
and thermo-couple are supplied with current
proportional to the load in the generator and
operate the contacts of the relay to open the
circuit-interrupting device before excessive
heating occurs in the windings of the ma-
chine. An auxiliary relay is provided to
operate the circuit-interrupting device and
is arranged so that upon the cooling of the

Fig. 62. Interior View of Removable Truck
Switchboard Panel

relay the circuit is not broken at the primary
contacts.

The other relay (Fig. 60) is used for the
protection of waterwheel generators. Its
principle of operation is similar to that of
the first one, but in addition it is provided
with a high speed thermo-couple con-
nected in parallel with the heating element
and this thermo-couple is used for pro-
tection against sustained overload. This
high speed element provides additional pro-
tection against damage due to destructive
commutation.
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Truck Type Panels

The safety enclosed removable truck type
panel (Figs. 61 and 62), while not a develop-
ment of the year, was considerably extended
in its application and was also improved in
several important details. The voltage limit
isnow 15,000 instead of 7500. The panels have
been built for currents up to 1200 amperes
and the standard line now includes panels for
incoming line, generator, transformer, light-
ing feeder, power feeder, synchronous motor,
induction motor, lightning arrester and bus
sectionalizing. The oil circuit breakers can
be manually or solenoid controlled.

The dimensions of all these panels are such
that a fixed depth, or distance from front
to rear of the stationary housing, is suitable
forall. Thedirect consequence is that a single
basic design of truck and housing serves for
the entire line. The trucks vary only in the
dimensions of the transverse members and
width of the panels and the housings have in
all cases the same side frames, or walls, with
transverse members to suit the requirements
of the width of the truck panels.

The panels with 7500-volt breakers may be
readily lined up with buses run through the
entire installation. The wider spacing re-

Fig. 64. Switchboard Built Up of Safety
Enclosed Lever Switches

]

Fig. 63. S dary Di cting Device
for Safety Enclosed Unit

Fig. 65. Enclosed Sectional Switchboard
with Front Plates Removed Showing
Arrangement of Bus Bars

39
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quired by buses of 15,000-volt truck panels
is provided by mounting them in a super-
structure attached to the standardized 7500-
volt housing. Connection bars are used to
join the stationary disconnector contacts of
the housing to the buses above.

Fig. 66. Post Type Heavy Duty
Bus Bar Insulator

This construction allows 15,000-volt truck
panels to be lined up exactly with those for
600 to 7500 volts, the same depth being
maintained, with the principal difference in
total height. The moderate height of the
panel, which is the same for all these voltages,
does not necessitate an unwieldy truck even
for the 15,000-volt breaker and equipment.

Fig. 67. Bracket Type Bus Bar Insulator
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Another important matter is provided for
in the design of these standardized housings,
that is, there is a choice of front-connected
or rear-connected bus arrangements. The
conventional design, of which there are many
truck panel switchboards in service, has the
buses supported on the rear ends of the studs
of the stationary disconnector contacts.
With this location of buses it is necessary to
have a passageway of at least 114 ft. between
the rear of the housing and the station wall.
If the buses are supported on the front of
the stationary disconnector insulators, directly
back of the contacts, there is no need of
accessibility from the rear (in order to tighten
nuts, etc.), and the housing can be set directly
against the wall, eliminating the 114 ft. floor
space in rear.

The usual requirement for the incoming
and outgoing conductors is that they be
carried through the floor, but in cases where
it is desired to carry them above, the stand-
ardized housing permits the use of overhead
conductors just as readily. This applies to
installations with front-connected or rear-
connected buses.

An automatic shutter of extremely simple
construction, and having no small or delicate
parts, was developed to completely cover the
openings to the live contacts of the stationary
housing when the truck is withdrawn.

Other improvements consist of riveted
steel angle and sheet construction for the
panel and housing, pressed steel wheels with

Fig. 68. Fuse Cutout, 15,000-volt
50-ampere
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roller bearings and a new design (Fig. 63) of
self-adjusting secondary disconnecting device.

Stationary panels, where required, are
readily installed alongside or interspersed
between truck panels, and serve particularly
for exciter switching equipment necessary
for generator truck panels. There is but
slight modification of the standard hous-
ing required where a stationary panel is
installed.

The enclosed sectional switchboard rep-
resents a very important development for
low voltage switchboard work. The main
features are flexibility of arrangement and
ease of installation. These boards are built
up of enclosed lever switches, mounted on
suitable boxes (Fig. 64) to form wiring troughs
and bus raceways. The busbars, connections
to bus, and necessary supports are part of the
equipment. As many horizontal boxes as
are required can be placed end to end, and
a tier of vertical boxes built up on each
horizontal box. End plates are removable
and thus allow for a bus trough the length of
the switchboard.

Removable front plates (Fig. 65) upon
which the switches are mounted can be
secured into place after all connections have
been installed. Holes in this plate correspond
to the knockout holes in back of the switch
box and the wires can be fed through the
back of the switch box when the front plate
and switch are mounted.

The units can be mounted on any flat
surface or simple framework. Requirements
for future additions can be met simply by the
addition of units (switch and corresponding
wiring trough) and this is an important con-
sideration because the initial expense’ need
be no greater than immediate switching re-
quirements demand.

All switches and wiring are totally enclosed
and are thus made safe from an operating
standpoint.

Two new types of heavy duty bus supports
were produced, the post type and the bracket
type. The strength of the post type insulator
(Fig. 66) is in the order of 2000 1b. cantilever
and 4000 1b. tensile strength. The bracket
type insulator (Fig. 67) can be adjusted to
support enormous strains. The insulators
are subjected to compression strains only.
Both supports are rated at 15,000 volts.

A superseding line of fusible cutouts was
produced for outdoor service from 15,000 to
75,000 volts and 5 to 50 amperes. The main
features of the improved cutout (Fig. 68)
consist of asphalt impregnated paper sur-

rounding the fiber fuse tube, a trunnion, and
bayonet lock hinge.

The fuse used in the cutout is of the strip
type with a contact disk on the upper end
for locking under the fuse cap, which, to
prevent loss, is attached to the tube by a

Fig. 69. Combined Potential Transformer Fuse and
Resistor for 15,000 Volts

small chain. Fuses can be removed or re-
placed without tools.

Current limiting resistors (Fig. 69) were
developed for use with potential transformer
fuses, having voltage ratings ranging from
2500 to 22,000 volts. The object of the
resistors is to cut down the amount of cur-
rent which a potential transformer fuse must
interrupt under short circuit conditions.

The resistors are used only with enclosed
fuses (not expulsion type) and are partic-
ularly recommended on large capacity sys-
tems. They so limit the current that in case
of a short circuit in the transformer primary
windings the amount to be interrupted by
the fuse is independent of connected gen-
erator capacity.

The ohmic resistance of the resistors for
various voltages is such that the error intro-
duced in instrument readings caused by the
IR drop across the resistors, with full rated
secondary load on the potential transformer,
is within the allowable accuracy limits set
for instrument transformers.

ULTRA-VIOLET RADIATION
Apparatus

To differentiate the quartz mercury arc
from the glass enclosed mercury arc, known
for years as the Cooper Hewitt lamp, the
trade name of Uviarc was adopted to desig-
nate quartz mercury arcs designed primarily
as sources of ultra-violet radiation.

For phototherapy with greater ultra-violet
radiation intensities than those practical
with the familiar air cooled quartz mercury
arc, or the Finsen methods, a new high in-
tensity arc was developed for use with a
water cooling system by which the radiant
heat is very largely removed from the area
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under treatment. The outfit normally oper-
ates at 400 watts, 300 watts in the arc itself.
By means of the quartz water cell, which is
a part of the cooling system (Fig. 70), it
is possible to direct the visible and ultra-
violet radiation on surfaces to be treated

Fig. 70. Water-cooled Quartz Arc Outfit and Burner

while at the same time removing the thermal
radiation. The intensity and length of ultra-
violet treatments thus possible make avail-
able physiological effects of great therapeutic
value. The concentrated nature of the arc

Fig. 72. Quartz Lamp for Use in the
Physical Laboratory

and its high intrinsic ultra-violet radiation
make it of special value in connection with
the use of quartz lenses and applicators
since they only transmit the radiation from
a portion of the arc approximately equal
to their own relatively small areas.
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A 450-watt quartz mercury arc (Fig.
71) for operation on a-c. was produced
to meet the demand for such an arc in places
where d-c. is not available. The a-c. Uviarc
operates on the familiar Cooper Hewitt recti-
fier principle with an auxiliary apparatus

Fig. 71. Alternating-current Quarts
Mercury Arc Burner

consisting of auto-transformer and the usual
inductance and resistance. This arc has the
same radiation characteristics as the standard
110-volt d-c¢. Uviarc lamp, but may be oper-
ated on any standard a-c. voltage by the proper
choice of transformer. On a-c. the power
factor is 80 per cent. Although not primarily
intended for the purpose this burner may also
be operated on 110 volts d-c.

A 100-watt, one-ampere, quartz mercury
arc (Fig. 72) was developed for use in the
Physical Laboratory. It has an effective
light source area of 1{X2 in.; is enclosed in
a metal casing to protect the operator and
to provide a holder for light filters; emits

Fig. 73. Ultra-violet Material Testing Cabinet

so little radiant heat relatively that it can be
used close up to the accessory optical ap-
paratus; operates indefinitely and without
attention; and is made as a single standard
unit for operation on 110 or 220 volts,
within 10 per cent, and on either a-c. or
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d-c. The Labarc has the same intrinsic
brilliancy as the larger quartz lamps sold
for industrial purposes and gives the same
well known radiation, a 10,140 A line
in the infra red; yellow, green, blue and
violet lines in the visible for the isolation
of which Wratten monochromatic filters
have been developed; and a very charac-
teristic series of ultra-violet lines extending
out to the limits of transmission of clear
fused quartz. This light source is of special
value to the polariscopist since the Bureau
of Standards has recommended the mercury
green line, 5461 A, as the standard source
for all accurate polariscopic work. It will
also add to the usefulness of the spectroscopic
or monochromatic illuminometer, the spec-
trophotometer, the interferometer, and will
be of special value in ultra-violet photo-
micrography.

The quartz mercury arc has been used
for years as a fast method in the routine
testing of materials for their resistance to
the destructive action of sunlight. It is well
known that this is largely due to the photo-
chemical action of the ultra-violet com-
ponent of the sun’'s radiation. This com-
ponent is relatively much greater in the light
of the carbon arc and the quartz mercury
arc, while the latter has the additional
advantage of high ultra-violet intensity
with a relatively low thermal intensity.
To standardize the technique in this use
of the quartz mercury arc a Uviarc ma-
terial testing cabinet was constructed
(Fig. 73) with holders providing for from
20 to 60 samples of thin fabrics, yarn, or
paint samples on wood, which are so mounted
that various exposures on each sample are
easily obtained, and the sample holder itself
may be entirely removed without exposing
the operator in the slightest to the direct light
of the Uviarc. The apparatus is equipped
to operate on 110 volts, or on 220 volts, either
a-c. or d-c.

Lighting

According to estimates the total sale
(Fig. 74) of large tungsten filament lamps
(excluding miniature) in the United States
during 1921 amounted to 161,000,000 lamps.
This 1s about 20 per cent less than the sales
for 1920, and indicates that the demand for
lamps has held up comparatively well as
contrasted with many other commodities.
A similar estimate for the demand for carbon
lamps indicates a sale of about 7,000,000 for
the year, but since most of the carbon lamps
are used for certain special applications they

can be considered to have practically dis-
appeared from general lighting service.

The most important of the lamp develop-
ments was the improvement of the so-called
mill type lamp, which is especially designed
to stand rough usage, such as is received by
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low hung lamps and those used more or less
as portables and temporary lamps for con-
struction work. These lamps are more
expensive and less efficient than the regular
Mazda lamps, and therefore are desirable
only for unusually severe conditions. The
mill type lamps are made with tipless bulbs
having the same diameter as the corresponding
regular lamps, but are 134 in. shorter over all.
An important feature of strength is the short
stem and coil arrangement of the filament.

A new lamp for sign lighting has the same
dimensions and type of construction as the
mill type lamp, except that it has a bluish
colored bulb, giving a whiter appearance
when lighted. This lamp is made in the 25-
and 50-watt sizes, with vacuum construction
for operation on 110, 115 and 120 volts.
Both the color of the light and the high end-on
candle-power make it particularly distinctive
and effective, so that there was a heavy
initial demand.
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In the miniature lamp field a new process
of manufacture was inaugurated which bids
fair to have a far-reaching effect on auto-
mobile headlighting practice. Automatic
machinery was utilized for the manufacture
of a precision headlight lamp, and this process

Fig. 75. Rigid and Flexible Fig. 76. *“Elexit” Ceiling
Types of Wall Bracket Outfit
“Elexit” Connections

is being applied to the 6-8-volt, 21-candle-
power tipless lamp. With this construction
lamps can be produced with a much smaller
variation in light center length and axial
alignment. With such a lamp in universal
production and using accurately constructed
sockets, it should be possible to eliminate the
necessity of a focusing adjustment; the head-
light being so constructed as to insure proper
focus.

Another improvement in the automobile
headlight lamp is the parallel coil arrange-
ment of filaments which gives greater con-
centration of light source than the V form.
This produces a more uniform headlight
beam and better control thereof by various
glare reducing lenses.

The lumen was adopted as a standard for
the rating of series Mazda lamps in place of
the mean horizontal candle-power unit for-
merly employed. While the latter proved
quite satisfactory for vacuum lamps, it failed
to provide a fair measure of output for Mazda
C lamps, as it did not take into account
variations of distribution. For several years
these lamps have been tested with reference
to the total output in lumens, but rated in
nominal candle-power based on the per-
formance of vacuum lamps. This seemed
necessary on account of the large number of
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street lighting contracts in’ which candle-
power was specified. Since the practice of
street lighting with Mazda C lamps is now
fairly well established, it seems likely to prove
more satisfactory in the long run to use the
actual rather than the nominal rating.

The United States Bureau of Standards
revised the standard specifications for incan-
descent lamps, so as to conform better to the
characteristics of tungsten filament lamps,
especially with regard to life. Since Mazda
lamps are not subject to the extreme depre-
ciation of carbon lamps, and are invariably
operated until they burn out, it was found
desirable to drop the old 80 per cent basis
and express lamp quality in terms of total
life at specified average lumens per watt, as
a measure of efficiency. A separation of
these specifications from the schedule of
ratings should facilitate the adoption of this
method by other countries where ratings may
be different, and thus permit an equitable

. comparison of all tungsten lamps on a com-

mon basis.

The standardization of lamp voltages in
the 100 to 130-volt range has progressed so
that over 85 per cent of the lamps now manu-
factured are for 110, 115 and 120 volts, leav-
ing but a small minority for the intermediate

Fig. 77. Semi-indirect, CompletelyfEnclosedLighting Unit

voltages. The adjustment of circuit voltages
through which this was brought about not
only reduces the confusion in lamp distri-
bution but improves the service derived from
heating and motor appliances. A correspond-
ing standardization is being undertaken to



SOME DEVELOPMENTS IN THE ELECTRICAL INDUSTRY DURING 1921 45

concentrate circuits in the 200 and 260-volt
lamp at 220, 230 and 250 volts, while similarly
for street railway circuits progress is being
made on 525, 550, 575, 600, 625 and 650 volts.
An attempt is also being made to standardize
circuits at 6.6 amperes, which has for several
years been strongly predominant.

Substantial progress was made in factory
production, utilizing the principles of correct
illumination. More thought is apparently
being given to the questions of low brightness
and diffusion than heretofore. In the field
of residence lighting an all-glass decorative
dining room dome designed along simple but
attractive lines, is a notable addition. Deco-
rative glassware, harmonizing with the room

Fig. 78. Relay Operated Flashing Danger Signal
at Railway Crossing

decoration, is receiving more extensive appli-
cationand better arrangementsare being made
for distributing such equipment to the public.

One of the most useful equipments pro-
duced is the automatic disconnecting plug,
by which fixtures can readily be hung or re-
moved without expert attention. A number
of manufacturers are marketing such devices
under the trade name of ‘‘Elexit” (Figs.
75 and 76). This seems likely to render the
term ‘‘fixture” obsolete with its anomaly
‘‘removable fixture.”” To meet this situation.
the Illuminating Engineering Society has
proposed the substitution of the French
word ‘‘luminaire’’ as being more appropriate.

A new type of semi-indirect unit (Fig. 77)
for stores, offices and similar interiors is

completely enclosed so as to prevent the
accumulation of dust on the lamp and interior
surfaces of the fixture. Such units are less
susceptible to depreciation from dirt and are
more easily cleaned.

Surgical and dental devices in which the
incandescent lamps are used for illuminating
interior cavities of the body are playing a
much more important part in the welfare of
humanity than is ordinarily realized, and
have made possible almost miraculous ad-
vances in surgery. While these lamps are not
required in large numbers, their importance is
of the highest order, and every effort has been
made to improve them as much as possible.
Some of them are now being manufactured in

Fig. 79. Battery Operated Highway
Guide Post

blue bulbs in order to give more nearly day-
light quality of illumination and thus assist
in the recognition of the color of tissues.

The activitiy in sign lighting increased with
a marked tendency toward the use of high-
power lamps and whiter light. The Mazda
C lamp, up to the 150-watt size, was used
extensively in outline effects on large roof
signs. In the low hung signs and in small
communities the 25 and 50-watt sign lamps,
already referred to, are being used where
formerly the 10-watt size was almost ex-
clusively employed. The use of higher watt-
age lamps has raised some problems in exist-
ing signs, as it is necessary to avoid excessive
voltage drop and the resultant decrease in
effectiveness.
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The Mazda C lamp, when used in sign
lighting, has been subject to a certain amount
of cracking when rain or snow falls at the hot
point on the upper side of the bulb. A metal
protective cap which is ordinarily invisible has
beendeveloped toreduce thisweather cracking.

Fig. 80. Globeless Lighting Unit
for Rochester, N. Y.

In the application of flashing red signals at
railroad crossings (Fig. 78) low voltage Mazda
lamps are operated through track relays so
as to light up for approaching trains and go
out again, thus conserving the battery. This
makes a conspicuous warning, both by day
and night. Incandescent lamps operated
from batteries (Fig. 79) are also being supplied
with the flashing signals at the intersection of
heavily travelled highways.

Contrary to the general trend of business,
the volume of sales in street lighting equip-
ments was greater in 1921 than in any pre-
ceding year.

While there were no important new in-
stallations of arc lamps in street lighting,
there were a considerable number of exten-
sions of previous installations, thereby indi-
cating that the magnetite arc lamp installed
in previous years is giving satisfactory service.
The largest installations of this character
occurred in Salt Lake City and Detroit where
more than a thousand arc lamps were added
to the existing street lighting systems.

A globeless lighting unit (Fig. 80) of very
ample construction was designed for illumi-
nating the residential section of the City of
Rochester, N. Y. The fixture consists of
a heart-shaped pipe support from the top
of which is suspended an all-porcelain unit
which is a combined insulator, reflector and
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globe holder. The white enamel radial
reflecting surface restores to the street the
upward light which is dissipated with the
globe type which has heretofore been used
for this class of lighting.

The reduction in maintenance expense
made possible by this simple and efficient
lighting unit is obvious. With a bowl-frosted
or bowl-enameled lamp, 100 per cent more
light is directed to the street surface than with
the superseded diffusing ball globe type.
Eight hundred of these units (Fig. 81) were
provided for the City of Rochester.

The largest street lighting installation of
the year utilized 7200 600-candle-power,
20-ampere series lamps for a complete new
lighting system for Kansas City, Mo.

This installation is unusual for several
reasons. The previously existing lighting
systems were completely discarded and the
entirely new up-to-date illumination pro-
vided has practically the same intensity
throughout the entire municipal area; a uni-
form ornamental single light standard being
used with approximately uniform spacing.

Fig. 81. Globeless Lighting Units Installed in Residential
District of Rochester, N. Y,

The engineering practice adopted is of
unusual interest as each lighting standard is
equipped with a two-coil transformer mounted
in the base of the post, so that for this series
system all high voltage lines are below the
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street surface with the low voltage leads from
the transformer running through the post
to the lamps.

For purposes of control, the installation
is divided into groups of 50 lamps, each
group being served by a constant current
transformer which, instead of being located
in the central station, is mounted on a pole in
the center of the group controlled. Individual
switches are provided for all transformers and
the entire system is tied together by one
2200-volt feeder line from the central station,
so that, if necessary, the throwing of a single
switch can cut in or out of service the entire
city lighting system, while the switching

the higher standard of lighting is effective
in reducing both accidents and crime.

The success of the highway lighting unit
(Fig. 82) with its double nested, triple reflec-
tors which direct the light lengthwise of the
road, and which was brought out commer-
cially last year, resulted in a number of
installations of varying size in practically
every section of the country.

The largest installation is located on the
roads leading out of the City of Detroit,
a distance of approximately 22 miles being
illuminated in this way. :

In addition to the purpose for which it
was originally designed, this unit can .be

T

i

Fig. 82. A Typical Installation of Highway Lighting Units

arrangements on the groups and individual
lighting standards permit the control of
segregated sections or units without affecting
the general system.

Statistics were gathered concerning the
relation of illumination to traffic accidents
in over 30 cities. An ingenious comparison
of accidents in the summer and winter months
shows that the accident rate increases con-
siderably after dark, thus indicating that the
present practice of artificial street lighting
falls far short of daylight as an adequate
accident preventive. Another comparison,
based on the records of the City of Cleveland
before and after the installation of the
whiteway lighting, seems to indicate that

utilized to advantage for the illumination of
train yards, narrow roads, alleys in industrial
plants, and in any location where a long,
narrow area must be lighted.

The remarkable record of engineering
progress in the motion picture industry for
many years produced very little improve-
ment in the light source used for the pro-
jection of the completed picture; the only
notable change in the arc used for projection
being a gradual increase in current to ac-
complish the longer throws. Arc amperes
increased from 35 to even 150 with no com-
pensating development along the  lines of
greater efficiency in light utilization or in.
light production.
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An adaption of the high intensity arc lamp,
however, previously used in searchlight pro-
jectors, rendered possible the production of a
motion picture projection outfit which, for
the same current that had previously been
used, gave from three and a half to four times
the amount of light.

L

Fig. 83. Motion Picture Projection Lamp Showing
Arrangement of Motor and Hand Control

The lamp employs uncommonly small
electrodes, the positive having a highly
mineralized core. In the operation of this
lamp (Fig. 83) the positive electrode is rotated
about its axis and the negative electrode is
placed at an angle to the positive in such
relation that the negative flame drills a deep
crater into the face of the positive electrode.
This crater is filled with the vapor of the
‘minerals of the core and emits a very high
light flux (Beck system).

The control of the lamp is semi-automatic,
the carbons being fed, after the arc is struck
by hand, by means of a motor connected
across the arc. Through a system of gears,
the positive carbon is slowly revolved as well
as fed forward by the motor. This insures
an even crater which is held permanently
at the proper focal distance from the lens.
The regulation is due to the arc voltage.
When the distance between the carbons is
too great, the voltage on the motor rises,
increasing the motor speed and feeding the
carbons faster; when the distance is too short,
the motor slows down.

The lamp beam has a spectrum analysis
closely approximating daylight, resulting in
better definition on the screen and full color
value in colored pictures.

The results attained in commercial opera-
tion have verified the laboratory calcula-
tions. The screen intensity is almost exactly
twice as great as an old-fashioned arc at the
same current. The color more nearly approxi-
mates the characteristics of daylight and there
is a better color relation in color films and
a better definition in black and white prints.
From an operating standpoint, the adjust-
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ments have been simplified to a point where
it is practically gutomatic.

The movement for the installation of
permanent educational demonstrations of
industrial lighting (Fig. 84) under the auspices
of the National Electric Light Association
has progressed so that there are approximately
twelve demonstrations in the various large
cities. Some of the larger lamp manufac-
turers have provided similar equipments on
a smaller scale, arranged to facilitate shipment
from point to point. These portable demon-
strations have been exhibited in over 150
cities and towns, reaching a large number
of people to whom the permanent demon-
strations have not been accessible. Some of
the portable demonstrations have been ar-
ranged to teach commercial lighting as well
as industrial. |

Another type of demonstration was pro-
vided for the presentation of good lighting
principles and the possibility of artistic effects,
as well as the application of other electrical
devices. This 1s in the form of a rotary
stage, which can be arranged to simulate the
section of a room. The construction permits
the setting up of one display (Fig. 85) while
another is being shown. By providing for
the separate rotation of the upper portion,
the lighting equipment can be changed
-expeditiously without disturbing the room
setting, thus facilitating comparisons. The
-demonstration is applicable for either large
.or small groups of people. In the so-called
Merchandising Conference this exhibit was
applied during the year for the education of
those responsible for the distribution of lamps
and other electrical equipment, demonstra-
tions being held in the principal cities of the
United States, starting at Newark, N. J., in
January and ending in Los Angeles, Cal.,
in May.

Seven states now have the industrial codes
and a beneficient effect is being felt with regard
to industrial accidents. Experience in apply-
ing these codes is suggesting minor changes to
make the codes clearer and more definite.

The Illuminating Engineering Society's
code, which has been the pattern for those
adopted by the various states, was revised
and republished during the year. It is now
proposed as an American Engineering Stand-
ard. A new glare rule was proposed for con-
sideration, which classifies the degrees of
permissible glare in the terms of operations
to be illuminated, while the illuminants
acceptable are classified with respect to
brilliancy, power and location. The proposal
seems to have considerable possibility of
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Fig. 84. Industrial Lighting Exhibit, Massachusetts Institute of Technology

Fig. 85. Rotary Stage Lighting Demonstration Showing an Industrial Setting
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providing a practicable glare specification,
which will be more definite than the present
ones and leave less to the individual judgment.

Wisconsin was the first state to adopt a
school lighting code. This is essentially the
same as that proposed by the Illuminating
Engineering Society and quite similar to the
industrial lighting code.

Automobile headlighting regulations, based
on those of the Illuminating Engineering
Society, are now in force in twelve states.
The Massachusetts regulation, which became
effective in August, requires more illumination

at certain points than any of its predecessors.
It specified the 21-candle-power size of gas-
filled incandescent lamp with definite voltage
limitation.

The International Commission of Illumina-
tion recrganized and met in Paris for the first
time since the war. From reports it is ap-
parent that the European countries are look-
ing to the United States as the leader in light-
ing practice for the immediate fiiture. An
American was elected president of the organ-
ization and the next meeting is to be held in
the United States.

Genelite and Water Japan Exhibit at the
New York Automobile Show

During the New York Automobile Show,
January 7 to 13, 1922, the exhibit of the
General Electric Company will occupy spaces
D 222 and 223. The features of the exhibit
will be two new developments of the Com-
pany, namely, a new bearing material known
as Genelite!, and water japan?, a baking japan
with water as a solvent.

Genelite is a synthetic bronze, containing
approximately 40 per cent by volume of
graphite, distributed evenly throughout its
mass. It has the general appearance of
bronze, but the characteristics are quite
different, and the exhibit has been planned
with a view to bringing out this fact, as well
as to show its superior performance under
various service conditions.

One of its salient features is its porosity,
which makes it capable of absorbing 214 per
cent by weight of oil. To demonstrate this
feature, three small stands have been pre-
pared, each carrying a beaker of oil on top,
with a rod of genelite, babbitt, and bronze,
respectively, set in the beaker. Below is
another beaker, and a wick connecting it to
the top of the rod in the upper one. In the
case of the genelite, oil from the upper
beaker is siphoned into the lower one by
capillary attraction in the metal and the wick.
The bronze and babbitt have no siphoning
effect.

To show the action of genelite with various
degrees of lubrication, a three-bearing stand

1t GENERAL ELBC‘I’R!C Review, Nov., 1921,
3 GeNERAL ELECTRIC REVIEW, Aug., 1919, Nov., 1921.

has been made, each bearing being of genelite.
A small motor drives a shaft carrying two
flywheels and running in the bearings which
are cut away. One of them runs flooded
in oil, to show that the graphite will not wash
out; the second has oil saturated waste in
contact with the outside of the genelite,
to demonstrate its properties when properly

- lubricated; and the third is genelite without

any oil whatever, to demonstrate it as a
self-lubricated bearing.

Another exhibit consists of a small flywheel
driven by a motor and running in genelite
bearings. One of the pedestals is supplied
with an electric heating unit, and contains
two wells on each side of the genelite bear-
ing filled with babbitt. The pedestal is
heated by the coil to a degree sufficient to
keep the babbitt molten without affecting
the genelite, which shows that the latter
will operate without trouble at a much higher
temperature than babbitt, and that it has
no tendency to ‘‘freeze,” or weld to the
shaft when running hot.

The other feature, water japan, is an emul-

sion of high grade japan base with water.

It gives the same finish as any other japan,

and the process is absolutely devoid of any

fire or explosion risk. In connection with the
water japan exhibit there will be eight tests
to show its resistance to corrosion, and two
to show its flexibility. Strips of metal
coated with japan will be continually twisted
and bent, to show how the coating stands
such treatment.
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Opening of New Long Island Station of the
Radio Corporation of America

PRESIDENT HARDING'S OPENING MESSAGE AND ADDRESS BY OWEN D. YOUNG

On the afternoon of November 5th the
new Radio Central located at Rocky Point,
Long Island, was formally opened for busi-
ness by President Harding, from his desk in
the White House at Washington. Stations
in all of the principal countries of the world
were invited to listen in, and a few seconds
after President Harding’s signature was
transmitted acknowledgment was received
from Nauen, Germany, and then in order from
Norway, England, France and the other
nations of the world having stations suffi-
ciently powerful to communicate with Radio
Central.

The ceremony was witnessed by 300
guests, among whom were many distin-
guished government

radio conference; Mr. Yoneda, Director-Gen-
eral, Department of Communications, Tokyo,
Japan; Mr. Solari, Managing Director Ital-
ian Radio Company; and the Management.
of the Trans-Radio and Telefunken Company
of Germany.

Mr. Owen D. Young, Chairman of the Board
of the Radio Corporation and Vice-presi-
dent of the General Electric Company, then.
addressed the guests, outlining the cir-
cumstances that brought about the organ-
ization of the Radio Corporation of America,
and reviewing the great advantages, geo-

graphical and commercial, which will make - ‘

the United States of America the radio:
central of the world. His address follows:
“I am glad to wel-

officials and scientists.
The President’s mes-
sage was made audible
by amplifiers located
about the station so
that it might be read
by those who under-
stood the code, while
those who did not had
only a moment to wait
before copies printed
on radiogram blanks
and bearing a repro-
duction of the Presi-
dent’s signature were
distributed.

President Harding’s Wireless Greeting
to the Nations of the Earth

‘“To be able to transmit a message by radio
in expectation that it may reach every radio
station in the world is so marvelous a scientific
and technical achievement as to justify special
recognition. It affords peculiar gratification
that such a message from the Chief Execu-
tive of the United States of America may be
received in every land, from every sky, by
peoples with whom our nation is at peace
and amity. That this happy situation may
ever continue, and that the peace which
blesses our own land may presently become
the fortune of all lands and peoples, is the
earnest hope of the American nation."”

come you in the name:
of the Radio Corpora-
tion of America, and to-
express our apprecia-
tion of the trouble you
have taken to come
here to see us open the
new station.

“If there be any
thrill, and there is a
very great thrill in this
occasion to me, it 1s.
not because of the great
technical achievements
which have made this
station possible. It is.
not because of the

After the opening
ceremonies and an in-
spection of the power plant and other equip-
ment the party assembled in the community
house, where David Sarnoff, General Man-
ager of the Radio Corporation, made a brief
address and read radiograms of congratula-
tion from the following men who have at-
tained prominence in the development of
radio communication: Edward J. Nally,
President of the Radio Corporation, who had
sailed that very day from England; Guglielmo
Marconi, Godfrey Isaacs, and Mr. Steadman,
Directorof the British Marconi Company; Mr.
Cirardeau, Managing Director of the French
Radio Company; E. F. W. Alexanderson, Chief
Engineer of the Radio Corporation, who had
been called to England to attend a worldwide

work done, great as it
is, by these constructors of the station, but
it is that today America is able to lay down
in her name, in twenty-eight countries of the-
world, this message from the President of
the United States.

**Just a word about the Radio Corporation
of America: Some two years ago when it
became evident that this new art of com-
munication might become influential in the
world’s communications, an attempt was
made to mobilize the resources, especially
the technical resources, of America. This
attempt has been successful to the extent
that the American Telephone and Telegraph
Company, the Western Electric Company,
the Westinghouse Electric and Manufactur-
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ing Company, the United Fruit Company
and the General Electric Company joined
not only all the inventions which they then
had, but undertook for twenty years to come,
in the radio field, to turn their inventions
in to the Radio Corporation of America,
in order that America might quickly develop
the best radio communication in the world.

““Our new art heretofore has been sus-
pended in its development by patent litiga-
tion, by energetic claims of engineers, by the
great clash of large concerns, and America
could not wait for the duplication of the
history of the Telephone Company, or the
duplication of the electrical industry. She
could not wait ten years while her people
were fighting, because the communications
of the world were at stake, and America’s
position in those communications was at
stake.

‘‘Now just a minute as to the position of

erica:

‘“England, because of her geographical
position, was the natural landing place of
the cables of the world. Realizing the
importance of communications of the world,
she took advantage, as she properly should,
of that geographical location, until if you
look at the maps of the communication
systems of the world, you will see the great
lines running to and radiating from London.

“‘In this new art of radio communications,
America is the center of the world. Why?
Because every country in the world desires
to get direct communications with America
and not to relay through a country on the
coast where a cable may be landed.

‘It is hardly worth while to develop radio
merely for communication within Europe
alone. The distances are relatively short,
the means of communication—land communi-
cation—already developed. Radio is de-
signed to reach out afar.

‘““Norway has already come, and we are
in communication with her. England has
already come, and we are in communication
with her. France has already come, and we
are in communication with her. Germany,
with her cables cut, is yet in direct communi-
cation with America. Poland, whose Minister
is here today, has already come in, and con-
tracted for a high power station to reach
out directly to America.

‘“Every country in Europe, seeking to
build a radio station, makes one inquiry:
‘Will this station communicate with the
United States?” and the answer must be
yes, or the station is not built.

‘““Now the question is, has America the
courage, the farsightedness, the skill to take
advantage of her geographical position in
this great new art, as England took advantage
of her position with reference to the cable?
Is America ready to take advantage of this,
not because she is grasping for something
she is not entitled to, but because nature
has given her a position on which she ought
to realize? Is she ready in this great art to
take her place in the communication of the
world? That means two things: It means
that we must mobilize our technical resources
in America in a single unit. It means that
we must mobilize back of that unit our
financial resources, and back of that we
must have at least the moral support of
the Government of the United States. Will
America do it?

‘‘ Already there has been a charge that the
Radio Corporation of America is a monopoly.
It is not a monopoly, but if it were it would
be a fighting unit of America against the
world in the development of communications.

‘I have just returned from Europe and
I have come to an agreement with the Ger-
mans, the English and the French regarding a
co-operative development of wireless in South
America; because Germany was starting to
build a station in the Argentine, the French
were starting to build a station, the English
were, and the Americans were—four stations
to do the work of one. Great waste of capital,
and that is not all. We know that the wave
lengths in the world ‘are limited and must
therefore be conserved.

**And now even if these private companies
could afford to waste capital for four stations
where only one could adequately do the job,
we certainly could not afford to waste wave
lengths on stations operating at only twenty-
five per cent of their capacity.

*“Therefore, it became necessary, and I
am glad our friends abroad recognized it,
for us to co-operate, and instead of having
four stations in Argentina, we will have one,
an International Station, carrying messages
from the Argentine to all parts of the world.

‘““We expect a similar station in Brazil,
and such other countries of South America
as may .show need of these communications.

*“The reason for Mr. Alexanderson's ab-
sence is that he is in London now in con-
sultation with the technical people of the
other nations, laying out plans for these
great new stations.

“I am very keen about this communica-
tion business. We have in Washington, just
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about to convene, a Disarmament Confer-
ence. When you can no longer appeal to
the armies of the world, you must appeal to
the public opinion of the world, and there
can be no public opinion of the world unless
there be cheap and adequate communication
in the world. I venture this assertion; that
underlying the success of any program of
disarmament is inevitably the development
of adequate communications, and this new
art promises to be effective in making these
communications available everywhere.

‘“We are greatly pleased that the President
of the United States should so far favor us by
sending this message from this station.

““The Radio Corporation of America has
had, heretofore, by nomination of the Pres-
ident, a member of the Government sitting
with its Board of Directors. I sincerely hope
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mitting unit, a receiving unit and a central
traffic office, the latter preferably in the heart
of the business district of large cities.

The Radio Corporation has had this system
in operation for some time and having found
it most effective has adopted it at Radio
Central and other trans-Atlantic stations.
The new radio station therefore comprise
these three units: :

Radio Central. A high power multiplex
transmitting station located on Long Island,
some distance from New York City, ulti-
mately having several separate antenna
systems each intended to communicate with
a given country. Telegraphic operations are
controlled from the central trafhic office con-
veniently located in New York City.

Riverhead, L. I. A multiplex receiving
station located on Long Island sixteen miles

Fig. J. Bird’s Eye View of Proposed Ultimate Station

that policy may be continued in order that
America may still go forward in developing
these communications with the united sup-
port of the technicians, of the capitalists,
and of the Government.”

Description of New Station

In the pioneer days of high power radio
telegraphy a station functioned alternately
as a transmitter, a receiver and a telegraph
office. This involved much loss of time and
greatly reduced traffic facilities, for a station
had to stop sending while it received and vice
versa. It therefore became apparent that the
ideal radio station should comprise three
separate but closely connected units operating
through remote control and employing a trans-

from the transmitting station and so planned
and arranged as to simultaneously receive
all radiograms destined to the United States
from as many foreign countries as take part
in the world wide wireless system.

Central Traffic Office, New York City. The
traffic center of the Radio Corporation system
where all radio telegraph operation is per-
formed. Here radiograms are gathered from
various sources and despatched to foreign
points through Radio Central and other high
power stations. Direct transmission from
64 Broad Street, New York City, is accom-
plished through the use of a special system of
remote control.

Direct reception is effected in like manner,
the incoming signals being intercepted at
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Riverhead, L. 1., and automatically trans-
ferred over land lines to the central traffic
office. These signals are interpreted and
recorded on typewriters by skilled telegraph
operators at high speed or are automatically
received by ink recorders. Final delivery is
then effected through a special messenger serv-
ice from the central traffic office or its supple-
mentary branch traffic offices located at 233
Broadway, 933 Broadway and 500 Fifth Av-
enue, or dispatched by telegraph when the point
of destination is other than New York City.
The plans of Radio Central call for an
ultimate construction of 12 antennae ar-
ranged in the form of spokes of a giant wheel
with the power plant at the hub. Each

antenna will consist of 16 silicon bronze

cables 34 in. in diameter stretched in a hor-
izontal plane on six towers spaced 1250 ft.
apart. Each tower is 410 ft. high and the
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cross arm or bridge which supports the
antennae is 150 ft. long. Nine hundred tons
of structural steel are required for each spoke
of six towers and 4100 tons of concrete are
used for the tower foundations. The ground
system for the two antennae now in service
consists of 450 miles of buried copper wire.
The other ten spokes of the antenna system
will be erected as business requires.

Construction on Radio Central was started
in July, 1920, and the first test signals were
sent out in October, 1921, or a little more
than a year later. The first section of the
power house covers a space 130 by 60 ft., and
the present power equipment consists of two
200-kw. Alexanderson high frequency alterna-
tors with the necessary switching apparatus,
high frequency transformers, etc. Ultimately
there will be installed ten of these alternators
having a total output of 2000 kw.

What the Manufacturer Has to Sell and What.
the Railway Company Requires

By J. C. THIRLWALL
RAILWAY AND TRACTION ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY

Discussions of this nature should prove both timely and useful, as the closest co-operation is necessary
between the Operator and Manufacturer if such economies are to be effected as will permit the Railways to

operate at a profit.—EDITOR.

This subject, which was discussed before
the New England Street Railway Club on
October 13, 1921, is of particular interest to
the manufacturers, who know that for some
time past there have been comparatively few
things that the electric railways have felt
that they were compelled to purchase, and
who are, for that reason, anxious to find out
what the railways really require.

It is unnecessary in a discussion of this
nature to draw up a list of materials or a
description of apparatus; the operators are
just as well posted on most of our products as
are the manufacturers. And after all, what
we have to sell is not only materials of
various kinds. It is not merely an assembly
of brick, concrete and machinery tHat makes
a power station, nor of steel and equipment
that constitutes a car. It is the application in
concrete form of the thoughts, ideasand experi-
ences of many minds, co-ordinated by the man-
ufacturer into a useful, efficient product.

And what every successful manufacturer
has to sell is not only the fabricated product
of his tools, but the ideas of his designers, of
his engineers and of his salesmen, and their

ability to save money or to make money for
his customers; in other words, service. And
in the long run, it is the ability of a manu-
facturer to give service to his customers that
governs the volume of his sales. This service
may lie in the design of an unusually efficient
or reliable piece of machinery, car, or appa-
ratus; it may be in the instruction that is
given on how to obtain especially good
results from his product; it may be the
extension of credit during the periods of
financial stress, or assistance in financing
necessary purchases; it may consist of
bringing new and efficient methods of opera-
tion or of maintenance to the notice of a busy
executive; it may be and often is the com-
bination of all these things, and of more.
The long period of stationary receipts and
of mounting wages and material costs,
through which the electric roads have been
passing for the past five years, has emphasized
the need of service from the manufacturers
to their hard pressed customers, and, in
general, we need not be ashamed of the
response. This period has seen many econ-
omies and methods of increasing earnings
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introduced and worked out by the operators;
it has also seen many valuable results in the
same direction worked out by the manu-
facturers. For instance, the Birney safety
car, to the development of which many
different manufacturing interests contributed,
is directly adding some $12,000,000 or
$13,000,000 to this year's net earnings of the
275 companies using them. The introduction
of the Birney safety car is effecting other
indirect economies through the rapid exten-
sion of one-man operation of other cars,
made possible by its success; this saving
probably amounts to another $2,000,000.
The development of other types of low wheel
light weight cars and of their equipment, and
of automatic control for substations are
simply a few of the many contributions the
manufacturers have made to the concerted
effort to help the traction companies in their
struggle for existence.

But it did not need the war, and the crisis -

in the railway industry that resulted, to start
improvements in design and to improve
efficiency, and to lengthen the economical
life and increase the reliability of railway
apparatus. In this connection it is interesting
to point out a few of the more important
developments of the past twenty years.

Power Stations

Two decades ago each railway had its own
power station, equipped with small 25-cycle
generators, driven by reciprocating engines.
The largest units were not over 5000-kilowatt
capacity; the majority were much smaller.
Theminimum fuel consumption of these plants
was from 5 to 6 pounds of coal per kilowatt-
hour; the average probably 7 or 8 pounds.

The development of the turbine practi-
cally cut the fuel bill in two; changes in the
design and capacity of the generator itself
carried the economies of power production
still further. The small capacity plant with
turbine drive requires about 3 pounds of coal
per kilowatt-hour; the modern central station
with individual units running from 20,000 to
45,000-kilowatt capacity takes two pounds
or less.

In addition to this material fuel
economy, the modern large capacity plant
will show reductions in all of the other
elements entering into power costs. The
high speed apparatus is lighter and occupies
less space for a given capacity, and so requires
a lower investment in machines, in buildings
and in land; the labor cost is materially less
and the maintenance is greatly reduced.

These facts are so self evident that, to a
greater and greater extent, the smaller
railways are shutting down their own generat-
ing plants and turning to the purchase of
power from some adjacent central station. .
In very many cases it has been found that a
railway by purchasing power can not only
save itself the initial power plant investment,
but can actually obtain a lower rate from the
central station than its own operating cost
for producing a similar amount.

Substations

A somewhat similar development has
occurred in railway substations. Twenty
years ago, they universally used 25-cycle
converters, heavy low speed machines which
had a high first cost and which took up a
great deal of valuable floor space. Because
they were 25 cycles, they could not be tied
into the larger central stations, which were
putting out 60-cycle power for their lighting
load, and this compelled the railways to
build and operate their own smaller and less
efficient generating plants.

Then the 60-cycle converter was developed
and gradually improved by adding commu-
tating poles using non-magnetic cores, flash
barriers, radial type brush rigging and other

_improvements that decreased its weight and

cost, while greatly increasing its continuous
and overload capacity and its reliability.
The high speed circuit breaker helped de-
crease flashovers resulting from line surges
or short circuits. And finally the General
Electric engineers perfected and turned over
to the industry the automatic substation.
Automatic control in connection with
reliable and efficient converting apparatus
today shows a lower percentage of failures or
interruptions than the ordinary station with
manual operation. Its use not only saves the
wages of the station attendants, which
amount to about $3000 per year, but also
reduces light load losses, and by reason of its
load limiting equipment, which throws resist-
ance in the path of an overload (instead of
opening a circuit breaker), prevents inter-
ruptions and increases the load factor, which
makes it possible to secure a better contract
with a power company. It also permits the
railway company to distribute a given
number of converters to better advantage.
Since the cost of station attendance is not
the limiting factor, a greater number of
substations can be installed; they can be
located closer together and with a better
regard to the center of gravity of the load
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and with a large saving in overhead copper.
In this way trolley disturbances can be
restricted to a comparatively short section
of track, and the failure of a complete sub-
station feed no longer cripples service as was
the case where a bank of machines fed a
network through a single artery or duct.
Furthermore, the improvement in voltage
that results, particularly in outlying districts,
makes possible higher speed schedules, with
resultant economies in platform wages.

Car Equipment
Motors

The writer’s first electric railway experience
was in the car shops of the Brooklyn Rapid
Transit System about 18 years ago. The
railway motors used then were non-ventilated
and without commutating fields; the frames
were split; the lubrication system crude; the
bearings were iron shells with a thick lining
of soft lead base babbitt; the gearing was
made from untreated castings; and the
insulation of armature coils, fields, and
brush-holders was far below present stand-
ards. These motors were brought in for over-
hauling three or four times a year, because the
armature bearings would not last longer than
three or four months, and a motor that did
not come in once or twice for repairs between
overhauling periods was a rarity.

These or similar motors are still in service
on many roads, They have been given the
advantage of many developments that have
materially helped their performance. That is,
they have been provided with heat treated
gears and pinions; bronze bearings with tin

base babbitt liners; slotted commutators and"

higher grade brushes; a better system of oil
waste lubrication, etc. But even so, recent
records show that their average maintenance
cost is $3.50 to $4 per 1000 motor miles, or
from $120 to $150 per motor annually.
Without the improvements in parts, at
present rates for labor and material, they
would cost at least twice as much.

The modern box frame ventilated motor
with commutating fields, better insulation,
improved brush-holders, bearings and gearing,
weighs 30 to 40 per cent less for a given
working capacity or for a given car weight
to be handled, and so saves in first cost.
Moreover, its average cost of maintenance,
as shown by records in every part of the
country, is only 50 to 60 cents per 1000
motor miles, or from $18 to $22 per motor
annually, directly saving the railway company
several hundred dollars on each car they

GENERAL ELECTRIC REVIEW

Vol. XXV, No. 1

operate. Indirectly, they save additional
amounts because of their greater reliability.
Fewer cars must be pulled in for motor
failures, less cars held from service for motor
repairs. .

A comparison was recently worked out to
illustrate the reduction in investment costs
made possible by modern motor design. The
following table is based on the sales of railway
motors in this country by the two large
electrical manufacturers for the year 1919.
The upper figures represent the approximate
number, weight and selling price of the
motors actually sold; the lower figures are
what a similar number of the heavier non-
ventilated type of equal working capacity
would have weighed and cost had our design-
ers remained idle for the previous ten years.

RAILWAY MOTOR SALES

_ SIZE | Number Approximate Approximate
Horse Power Sold Weight in Lb. Prices
25 3,000 3,000,000 $2,250,000
3545 3,000 5,250,000 3,300,000
50 1,600 3,400,000 2,000,000
60-70 500 1,450,000 750,000
Total 8,000 13,100,000 8,300,000
SAME VOLUME OF SALES WITH NON-

VENTILATED MOTORS

35 3,000 6,000,000 3,600,000

50 3,000 8,500,000 4,500,000

60-70 1,500 5,200,000 2,600,000

75-90 500 2,200,000 1,100,000

Total 8,000 22,900,000 11,800,000
Saving to

operators. 9,800,000 3,500,000

These figures indicate the economies
obtained by the railway industry in one
year directly due to motor development;
10,000,000 1b. less weight to be carried on the
rails and $3,500,000 less in investment. The
annual saving would be about $500,000 in .
fixed charges and at least as much more in
operating costs.

Moreover, the development of the low
wheel motor permitted the car builders to
make changes in their designs that reduced
weights and initial costs in bodies and trucks
to a material extent, and which went a long
way toward absorbing the tremendous
increases in labor and material costs brought
about by the war. Inother words, the 15,000-
1b. Birney car today does not cost very much
more than the 24,000-1b. single truck car of
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equal capacity did ten years ago; and a
25,000-1b. 44-passenger double-truck car
can be bought for about the same price as its
44,000-1b. predecessor could at that period.

Controllers

Multiple unit control, for train operation,
has undergone radical changes. The original
designs were power-driven drums, followed
by groups of contactors actuated by solenoids
or by electrically controlled air cylinders.
The interlocking arrangements were compli-
cated and delicate, blowout coils weak and
ineffective; failures were numerous and costly.
This control, today, is a relatively simple
affair; interlocking has been simplified and
made more positive in action, and great
improvements have been made in the blowout
coils and in the speed of opening line con-
tactors. The whole group is lighter, cheaper
and far more reliable.

Air Brakes

Much that has been said of the older designs
of motors applies to the air compressor, and
similar improvements have been made in its
design until today it is one of the most
reliable pieces of apparatus on a street car.
Chief among these improvements are better
insulation on the armature, fields and brush-
holders, better lubrication for the moving
parts and better protection for the motor
against the admission of oil. The whole
design is lighter and more compact.

In the automatic air brake, the trend has
been toward quicker and more uniform action
on the long trains used in rapid transit
service, and toward the use of electro-pneu-
matic valves to obtain simultaneous and
immediate application on every car.

One of the really striking developments
in the use of air has been in the safety devices
which contributed so materially to the
success of the Birney one-man car, and to one-
man car operation of other types of cars.
. The working out of this apparatus which
automatically opens the power circuit, applies
the brakes, sands the rail and unlocks the
doors, in case of the operator becoming
incapacitated, proved to be a most effective
argument with Public Service Commissions
and legislative bodies in the introduction
of the safety car. These cars have certainly
been one of the most effective means of
reducing costs and increasing receipts for the
railway companies.

Shop Equipment

Tremendous economies have been effected
in many shops by the use of labor saving tools

and machines, but too large a proportion of
railways have not yet taken full advantage
of the developments in this direction, and are
neglecting the savings in cost of repairs, or in
the effectiveness of repair work, that they
might obtain with better shop equipment.
Only a few of the devices that should be in
every properly equipped general overhauling
and repair shop will be mentioned.

All of the following devices, and many
more, have been worked out and perfected
for the railway’s use. They save many times
their cost, and they illustrate what the
manufacturers have done and what they
wish to do for the railway industry.

Electric hoists on jib cranes and monorail
cranes; banding lathes; armature slotting
machines attached to the bed plate of the
lathe; air blowing and paint spraying
machines for armatures, fields and con-
trollers; baking ovens; testing outfits for
short circuits and open circuits in armature
or fields; 2500-volt test set for newly rewound
armatures; 1000-volt set for testing old
motors; screw or jack type pinion pullers;
hot water heaters for mounting pinions;
acetylene or electric welders, etc.

In mentioning what improvements have
been effected in electric equipment and
apparatus design, which is a part of the
service which the manufacturers sell and
which it is hoped the railways require, the
writer is indicating what others have also
done with their machines or materials. The
manufacturers have developed a force of
engineers and salesmen who are thoroughly
conversant with the operators’ problems and
who are ready and anxious to serve the
railways in any manner, whether it be in the
selection of suitable equipment, the way to
most efficiently use such equipment, or how
to most economically maintain it. It is this
service, in the continued improvement of
design, and in reducing the railway’s costs of
operation, that the manufacturer has to sell
and which the railway pays for when it buys
the finished product.

Manufacturers and operators alike have
trimmed their sails during the storm that has
swept the business world; the operators have,
of necessity, reduced their purchases to ‘the
absolute minimum; the manufacturers have
cut their expenses of production to bed
rock. Prices have receded with the wave of
post-war inflation, and are back to what is
believed to be a fairly stable basis; the
manufacturers are anxious for orders, they
are, therefore, most eager to hear from the
railways as to what they require.
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Final Report on the Electrification of Railways

By THE Apvisory CoMMITTEE, BRITISH MINISTRY OF TRANSPORT

This report presents the conclusions arrived at by a capable national committee after thoroughly studying
the operation of various systems of railway electrification and the extent and character of engineering regula-
tions that are desirable to facilitate continuous travel over connecting railway lines. The principal recommen-
dations of the investigation are not limited to British practice but are of international application: these are
to the effect that three-phase alternating current be the standard system of power generation; direct current be
the standard system of power distribution; 1500 volts, a multiple or sub-multiple, be the standard distribution
potential; and the third rail, the overhead wire, or both, be the standard distribution conductor.—EDITOR.

1. The Electrification of Railways Ad-
visory Committee was appointed by the
Minister of Transport, in March, 1920, to
inquire into Railway Electrification.

The terms of reference were as follows:

‘To consider and advise—

I. Whether any regulations should be
made for the purpose of ensuring
that the future electrification of
railways in this country* is carried
out to the best advantage in regard
to interchange of electric locomo-
tives and rolling stock, uniformity
of equipment and/or other matters.

II. If any such regulations are desirable,
what matters should be dealt with,
and what regulations should be
made.

III. How far it is desirable, if at all, that
railways or sections of railways
already electrified should be altered
so that they may form parts of a
unified system.

Subsequently in October, 1920, the terms
of reference were extended as follows:

To consider and advise—

I. Whether any regulations should be
made to limit the drop of potential
in an uninsulated return conductor
on electrically operated railways.

II. If any such regulations are desirable,
what limits these should impose,
and under what conditions.

2. The Committee held their first meet-
ing on March 22, 1920, and after having
had before them as witnesses representatives
of the principal railway companies in this
country employing or proposing to employ
electric traction on their systems, and also
receiving evidence from the engineers to the
Swedish State Railways and the Federal
State Railways of Switzerland, and from
British and Continental Electrical Con-
tractors, submitted to the Minister on July
12, 1920, an Interim Report containing their
"~ *Great Britain.—Ep.

recommendations in respect to certain general
and fundamental matters covered by their
reference, which it was understood should be
placed before him as early as possible.

The Committee now desire to confirm the
recommendations contained in their Interim
Report, which for convenience are repeated
as follows:

““In respect to Reference I.

*“8. The Committee consider that, in
order to ensure the future electrification of
railways in this country being carried out to
the best advantage in respect to the matters
indicated in the Reference, it is desirable that
certain general regulations should be made for
observance by the railway companies when
electrifying their lines.

‘9. The Committee consider that these
regulations should be directed specially to
ensuring standardization of those methods
and appliances which are likely to prove the
most satisfactory under British conditions.

““10. They consider, further, that such
regulations should put no avoidable diffi-
culties in the way of the adoption in future,
with the approval of the Minister, of any
improvements in methods or appliances which
may from time to time become available with
increasing knowledge and experience.

‘“In respect to Reference I1.

“11. In view of the desirability of the
railways which are now contemplating im-
mediate electrification knowing as soon as
possible the decision of the Minister on cer-
tain fundamental matters, they recommend
that regulations should be issued in accord-
ance with the following conditions:

(1) That in the case of those railways
which have not as yet electrified
any lines, as well as those which
at present have electrified all or
part of their lines on a direct-
current system, their electrifica-
tion, or extended electrification as
the case may be, should be carried
out on the direct-current system.
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“‘(i1) That the standard pressure of the
direct-current system at the sub-
station busbars shall be 1500
volts, subject to—

‘“(a) The continuance of any ex-
isting 600-volt and/or
1200-volt installations,
and, subject to the ap-
proval of the Minister,
of their extension.

‘“(b) ‘The adoption of half the
standard voltage—750
volts—in those cases
where it can be shown to
the satisfaction of the

- Minister that advantage
would arise from the use
of this lower pressure.

“(c) The adoption of higher
pressures—limited to a
multiple of the standard
pressure—where it can
be shown to the satis-
faction of the Minister
that sufficient advantage
would accrue.

“‘(iii)) That both overhead and rail con-
ductor collection should be per-
mitted, as long as the position
and general design of the con-
ductors and structures are in
accordance with recommendations
which will be made in a subse-
quent report. In that report the
Committee will also suggest the
regulations required to ensure
that locomotives and/or motor
coaches shall be able, wherever it
may be necessary, to run at two
different voltages, e.g., 600/750
and 1500 volts, and/or with either
rail or overhead collection.

‘““(iv) That the generation of current for
direct-current lines should be
alternating three-phase at such
voltage as may be desirable in
each case.

‘““(v) That in the case of existing gen-
erating stations supplying at any
frequency between 25 and 50
cycles it is unnecessary to make
any change in frequency, but
that it is desirable that where any
one such frequency is in general
use in a particular electricity
district, any new power station
put down in that district for
supplying a railway should adopt

the frequency which has been
approved by the Electricity Com-
missioners or is in general use in
that district.

““The Committee desire to add on this
matter that from the evidence which has been
put before them, as well as their own ex-
perience, they have come to the conclusion
that alternating current supplied to the sub-
stations at a frequency of 50 cycles can be
used for railway purposes without any detri-
ment to railway working.

**In respect to Reference I11.

‘“12. There is only one line of any im-
portance in Great Britain which would not
come under the terms of recommendation
paragraph 11 (i) above, namely, the elec-
trified portion of the London, Brighton and
South Coast Railway system. The Com-
mittee have considered with special care the
very difficult questions introduced into the
problem by the fact that this company long
ago adopted a single-phase alternating-cur-
rent system for its suburban lines, and did so
with a special view to the adoption of a sys-
tem which at that time appeared the only one
admitting of extension from London to
Brighton when this extension became feasi-
ble. The General Manager of the Company
(Sir William Forbes) has come before the
Committee to say that his company con-
siders the extension to be now not only
feasible but urgently desirable.

“13. The Committee is bound to recognize
that if the railway is allowed to electrify its
main line to Brighton on its present system,
there will, of necessity, have to be a change of
locomotives or multiple unit stock in any
cases where other companies’ trains run over
that line, and that to this extent the wished-
for general interchangeability will be inter-
fered with. They recognize, on the other .
hand, that to change the existing suburban
equipment of the Brighton Railway to a
direct-current system would involve a large
financial expenditure, which the railway itself
could not be asked to undertake and which it
would be difficult to justify to the public at
the present time. It has further been stated
to the Committee that the electrification of
the main line is in this case very closely con-
nected with that of the suburban lines on
account of the necessity, on economical
grounds, of using the same rolling stock
throughout.

‘“14. Having all these considerations in
mind the Committee recommend, as the
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course which on the whole has the balance of
advantages:

‘““(i) That the electrical system of work-
ing at present in use, or actually
under construction, on the Brigh-
ton Company’s suburban lines
need not be changed.

*‘(11) That in view of the recent proposals
of the Government as to grouping
of railway companies, the question
of the system on which the L., B.
& S. C. Railway Company’s pro-
posed extensions to the coast
should be carried out is now—in
the event of the Government's
proposals being approved by Par-
liament—one for special consider-
ation from the point of view of
the requirements of through work-
ing and interchangeability of traf-
fic with the other systems forming
part of the proposed Southern
Group. Subject to these matters
receiving the fullest consideration,
and provided the completion of
the proposed extension on the
present system shows a sub-
stantial financial advantage, the
Committee are of opinion that it
should be allowed.”

3. The Committee continued their con-
sideration of the further matters, which, as
stated in the Interim Report, were left over

for subsequent consideration, and have again

had before them representatives of the Lon-
don and North Western Railway, the South
Eastern and Chatham Railway, the Metro-
politan Railway, the London Electric Rail-
ways, the Lancashire and Yorkshire Rail-
way, the North Eastern Railway, the London,
Brighton and South Coast Railway, the
Midland Railway, and the London and South
Western Railway. Mr. Leitch, formerly
the Electric Traction Engineer to the Central
Argentine Railway, also gave evidence, and a
report was received from Mr. George Gibbs,
of Messrs. Gibbs and Hill, Consulting Engi-
neers to the Pennsylvania Railroad and other
railways. The published reports by Com-
missions appointed in Continental countries
to consider the matter of railwav electrifica-
tion have been obtained and placed before
the Committee.

Sir Frank Dyson, the Astronomer Royal,
and Mr. F. E. Smith, until recently the
Superintendent of the Electrical Section at
the National Physical Laboratory, Tedding-
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ton, gave evidence in respect to the effect on
theindicationsof certain magnetic instruments
by the operation of electric traction systems in
the vicinity of the Greenwich Observatory and
the National Physical Laboratory.

Further evidence on the side of the Elec-
trical Contractors has been given by repre-
sentatives of Messrs. Brown, Boveri & Com-
pany, Baden, Switzerland.

The Committee desire to put on record
their indebtedness to the Railway and other
Authorities, as well as to the Astronomer
Royal and the other gentlemen mentioned
above, for their very valuable assistance.

The Committee, having also had before
them the recommendations made by a Com-
mittee of the General Purposes and Public
Safety Department with regard to the clear-
ances to be provided for overhead conductors,
now recommend, in continuation of the
first portion of paragraph 11 (iii) of the In-
terim Report, that regulations in respect to
contact rail collection and overhead collection
of current should be issued covering new
electrical equipment operating on the recom-
mended system.

4. In respect to contact rail collection, it
is essential for the interchange of electrically
operated trains, referred to in the first term
of the Reference, that the contact rails should
be so placed as to enable current to be col-
lected by the same trains both on railways
employing 1500 volts and on those employing
600/750 volts. The top-contact type of rail
is that now generally in use for the present
low voltages; the under-contact type of rail
has also been largely used, and, in the opinion
of the Committee, possesses advantages in
regard to interference by the accumulation of
ice and snow, and also in regard to the ar-
rangement of protection for men working on
the track with higher voltages. Suitably
designed shoes can be run interchangeably
with either the top or under-contact type of
rail. Under these circumstances, the Com-
mittee are of the opinion that the contact
rails employed may have either a top-contact
or an under-contact surface, and they do not
consider it desirable to recommend the
exclusive use of either tvpe, some varieties
of which may be’'the subject of patents, but
think that the choice in this respect should
be left open, subject to the regulations below,
so as not to interfere with such future im-
provements as are likely to be developed in
either or both types.

5. The Committee consider that a stand-
ard position outside the tracks 'should be
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defined within certdin limits for the contact
surface of the contact rails in relation to the
position and level of the running rails, and
desire to recommend that in respect to new
electrically operated lines and extensions to
existing lines the following regulations should
be issued for securing the interchangeability
of running:

(i) The contact surface shall be in the
horizontal plane.

(i) The gauge measured - between the .

center of the horizontal contact
surface of contact rails and the
gauge line of the nearest rail of the
corresponding track shall be 1 ft.,
4 in.

(iii) The vertical height of the contact
surfaces above the plane of the
top table of the running rails
shall be:

(a) for top-contact rails, 3 in.
(b) for under-contact rails, 134 in.

(iv) The vertical height of the contact
rail (including, where required,
the protection over the top of the
rail) above the plane of the top
table of the running rails shall be
such as to provide the necessary
clearance from the load gauges
from time to time in use.

(v) The under-contact rail, where em-
ployed, shall provide for the en-
gagement of the contact shoe being
made from the side nearest to the
running rails.

(vi) Above the level of the under-contact
surface (iii) (b) no .part of the
contact rail construction shall be
"at a less distance than 1 ft., 114
in. from the gauge line of the
nearest track rail, and below the
level of the under-contact surface
(iii) (b) at a less distance than
1 ft., 714 in. from the gauge line
of the nearest track rail.

(vii) The vertical distance between the
under side of any contact shoe in
the free position and the plane
of the top table of the running
rails shall not be less than 114 in.

The Committee recommend further that
existing equipments which do not conform
to the above may be continued in use and
may, subject to the approval of the Minister,
be extended.

6. In respect to overhead collection it is
essential for the interchange of electrically

operated trains, referred to in the first term
of the Reference, that the position of the
overhead live wire and the clearances between
the live wire and the fixed and the moving
structures, as well as the width and operating
range of the collector gear, shall be such that
any train may collect current from all elec-
trically equipped railways.

7. The Committee therefore recommend
that in respect to new lines and new electrical
equipment of existing lines the following
regulations should be issued for securing
interchangeability of running:

(i) The standard clearances, after allow-
ance has been made for curvature
and super-elevation, including any
movements of the live wire or con-
ductors and lateral movements of
the collectors, under any circum-
stances likely to arise, shall be:

(a) Between the underside of any
overhead live wire or con-
ductor and the maximum load
gauge likely to be used on the
line:

(1) In the open, 3 ft.

(2) Through tunnels and under
bridges, 10 in.

(b)) Between any part of the struc-
tures and the nearest point
of any live overhead wire or
conductor, 6 in.

(¢) Between rail level and overhead
conductors:

(1) At accommodation and
public road level cross-
ings, 18 ft.

(2) At places where there is
a likelihood of men in
the conduct of their
duties having to stand
on the top of engines or
vehicles, 20 ft.

(d) Between any part of the col-
lector gear and any struc-
ture, 3 1n. :

The Committee recommend that in the
case of the electrical equipment of existing
lines the dimensions stated in (a) (2) and (b)
may each be reduced to 4 inches as a mini-
mum, that cases of exceptional constructional
difficulty may be considered by the Minister
as special cases, and that existing equipments
which do not conform to the above may be
continued in use.

(ii) The horizontal distance of the con-
tact wire from the plane through
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the center line of the track and
perpendicular to the surface of the
track rails shall be within the fol-
lowing limits:

(a) At a height of 18 ft. above rail
level, 1 ft., 3 in.

(b) At a height of 4 in. above the
maximum load gauge likely to
be used on the line, 1 ft., 9 in.

(ii1) The weight and construction of the
contact wire and supports shall be

suitable for the passage of collectors -

exerting an upward pressure of
from 25 to 40 1b.

(iv) The width of the renewable contact
surfaces of the collectors at right
angles to the track shall not be
less than 4 ft., and the extreme
width over the horns of the col-
lectors shall not exceed 7 ft., 6 in.

The Committee recommend that in the
case of those railways that have already
equipped any or all of their lines with over-
head contact wires which do not conform to
the above recommendations, the employment
of these may be continued in use and may,
subject to the approval of the Minister, be
extended.

8. With regard to the second portion of
paragraph 11 (iii) of the Interim Report
and having regard to the practicability of
further standardization of equipment by
regulations, the Committee desire to confirm
the views expressed in clause 10 of the Interim
Report to the effect ‘‘that such regulations
should put no avoidable difficulties in the way
of the adoption in future, with the approval
of the Minister, of any improvements in
methods or appliances which may from time
to time become avallable with increasing
knowledge and experience,”” and to add that
the Committee do not consider it desirable,
in the interests of railway electrification, that
further regulations (other than those recom-
mended in this report) should be issued for
the time being.

9. With regard to the extended References
I and II, the Committee, after careful con-
sideration, find that:

(i) The evidence given by the railway
companies operating electric rail-
ways indicates that the cases of
harmful effects due to a drop in
potential substantially in excess of
that allowed by Tramway Acts in

GENERAL ELECTRIC REVIEW

Vol. XXV, No. 1

earthed railway conductors have
been few and unimportant, and
readily corrected by the railway
companies themselves on their own
initiative.

(ii) The clauses for the protection of
observatories inserted in the Acts
of railway companies applying for
powers to operate their railways
electrically have had, and continue
to have, a retarding effect on rail-
way electrification. The Com-
mittee having heard in evidence
officers concerned with the observ-
atory instruments likely to be
affected by the operation of elec-
tric railways, are of the opinion
that the interests of observatories
would in any case be sufficiently
protected if the scope of the clauses
referred to were limited to the
portions of electric railways within
the vicinity of the observatories.

(iii) Some railways, by wvirtue of the
wording of their Acts, are under no
necessity to apply for new powers
for electrifying their systems, and
are therefore not placed under the
disadvantages in respect to limi-
tation in the drop of potential by
their Acts as’ in the case of the
other companies.

10. Having regard to these considerations.
and to the views expressed in clause 10 of the
Interim Report, as well as to the difficulties
in imposing any definite limit to the voltage
drop owing to the variety of conditions which
present themselves along different portions of
any railways, the Committee therefore recom-
mend that:

(i) It is not desirable that regulations.
should be issued to limit the drop of
potential in an uninsulated return
conductor on electrically operated
railways.

(ii) In cases where it is found impossible
to dispense altogether with the
present obligations which are im-
posed upon railway companies by
the protective clauses inserted by
the Board of Trade and other
authorities into the Acts of the
companies, these obligations should
be specified definitely in each par-
ticular case.
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Success

HERE is a steadily growing class

of manufacturers who are using

ball bearings on the shafts and
spindles of the machines they build.
And there are a great many who do not
use them. Why is the one class so
keen for them and the other so set
against them? The answer is—because
of their experience with ball bearings.

But why does one class experien e suc-
cess and the other failure? There are
obviously two reasons for this: the
kind of bearings that are used, and the
way they are used.

We have brought about the shift of some pretty
important concerns into the successful class.
And we have used both the above causes in so
doing. We have furnished them with the most
successful bearings, and we have given them the
most successful way of mounting and using them.

We have developed not only a highly successful
bea:ing: we have developed the most successful
system of ball bearing practice or engineering.
Mr. Manufacturer, if you will lay your bearing
problems before us, even if your experience with
ball bearings has hitherto been unsuccessful, we
shall, perhaps be able to initiate you into the
happy guild of successful users, the users of

GURNEY BEARINGS

Gurney Ball Bearing Co.

Conrad Patent Licensee
Jamestown, N. Y.

BALL BEARINGS

18103

KOERTING
Multi-Jet Condensers

Catalog 5-AB

Require NO Air Pump
Require Low Headroom
Have No Moving Parts

Compactness and simplicity in con-
struction eliminate any repairing.

28" Vacuum can easily be obtained.

PHILADELPHIR P*
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WASTE NOT, WANT NOT

The copybook maxims of our childhood
apply to nations as well as to individuals,
and if we were to select a national slogan for
the present year it would be hard to better
waste not, want not. We have been through
some fearful years of waste since 1914, as
years of war must inevitably be, and now the
world as a whole must face some years of
want. Some parts of the world are doomed
to suffer more than others, but all must suffer
in some measure, our economic lives being so
dependent upon trade and to an increasing
extent on foreign trade.

With characteristic energy America has for
some time been raising the danger signal
against waste. Mr. Herbert Hoover was
elected the first president of the Federated
Engineering Societies in November, 1920,
and one of his first acts in this new capacity
was to appoint the Committee on Elimina-
tion of Waste in Industry. The report of this
committee has just been published and Mr.

Hoover in the preface states that the report

reveals facts which may serve as the founda-
tion for advance in American industry. This
is just what we should like to see.

It is an ill wind that blows no good and
there is no reason why the imperative need for
economy during this period of reconstruction
should not lead to permanent economic ad-
vancement in all industries.

Waste is a crime and this crime is a com-
mon vice in all industries and in every walk
of life. The crime of waste is that everybody
loses by it and nobody gains.

It is a crime to throw on the waste pile
things which could be profitably salvaged.

It is a crime to waste steam rather than
use the proper instruments to find where
every pound of steam generated is going
and then stop the waste.

It is a crime to reduce productlon by lack
of proper illumination.

It is a crime to design and manufacture
machines with a multiplicity of complicated
parts where a few simple elements would do
the job both cheaper and better.

It is a crime to build each unit of anything
separately where the number wanted war-
rants reducing all the processes to a manu-
facturing basis for wholesale production.

A multlphmty of standards for the same
thing is wasteful and unpractical and in the
same way gomg to the cost of standardiza-

tion for things of which only a few will be
made is another form of waste.

It is also a crime to stifle and destroy human
energy, new ideas and genius through jealousy
and other factors, the sum total of which is
often called the human element.

We might enumerate the crimes of waste
at great length from the most important
industrial wastes that individually may
amount to millions per year to the waste
in the individual domestic garbage pail,
which though small in the case of each unit
nationally may amount to prodigious figures,
but that would be wearisome. Rather than
do this, we prefer to ask our readers one
question. Why has the electrical industry
grown from nothing to such huge propor-
tions in so short a life? This is the question
which should interest the world to a peculiar
degree today during this reconstruction
period—from the largest manufacturing com-
pany to each individual housewife. The
reason is perfectly simple—because the use
of electrical energy is the greatest economic
factor of modern times.

Who would go back today to the tallow
dip or the oil lamp?

You do not have to waste time to go out
and buy electricity. It is delivered to the
house over wires. There is no waste. It
is at your service every second of every 24
hours. You only pay for what you use.
There is no dirt. There is no labor involved
in its use. It is the cheapest and best and
most efficient light that man has ever devised.

Who would go back to the horse-drawn
tram car? Why are all our city and inter-
urban roads electric roads?

Why are steam railways being electrified?

Why is the electric motor adopted in mill
and factory and house? Human labor is more
expensive today and electricity is the cheap-
est, most efficient and most convenient form
of energy that man has found out how to use.

For a quarter of a century electricity has
been practicing economy and has achieved
more economic results than centuries of prop-
aganda, with only other forms of energy
available, could have equalled.

We are in whole-hearted sympathy with
propaganda for the elimination of waste and
the best way of getting results is the intelligent
and widespread use of electrical apparatus and
electrical appliances. J.R.H.
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Mazda Service and Lamp Inspections
By L. A. HAwkINs

ENGINEER RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY

Service rendered to customers is one of the great assets of large modern business.

to the customer —better than written guarantees.

It is of untold value

Mazda service is rendered directly to the manufacturers

who are entitled to it, but the customers get the benefit of Mazda scrvice wedding scientific research and

development to the production of tungsten lamps.
product.

It insures the latest knowledge being applied to the
As we see it, it exemplifies the spirit of modern big business to give the best available product

to the world at large 'rather than endeavoring to make maximum profits by maintaining standardized

lamps over long pertods of time—notably during the life of a patent.

In other words, Mazda service gives

the best in spite of cost rather than the cheapest to produce.—EDITOR.

Even the casual reader of advertisements
must have noticed how often the word
“service’’ occurs nowadays. An examination
of a recent issue of a technical journal,
picked up at random, showed that of the
thirty full page advertisements it contained,
ten advertised some kind of service.

Those ten advertisements exemplified the
use of the word in three different ways. First,
and most common, was the service rendered
by the apparatus itself; here the word was
almost synonymous with ‘performance,”
“durability,” or ‘‘reliability.”” Second, there
was the technical service rendered to custo-
mers by the engineering staff of the advertiser.
Third, there was a sales service, implying
convenience to the customer in making a
purchase. In all these uses, the service is
rendered directly to the customer by the
manufacturer, through either his apparatus,
his technical staff, or his sales organization.
The word, to the average reader, has come to
imply something offered directly to him by
the advertiser.

It is probably for this reason that the mean-
ing of ‘*“ Mazda Service, '’ although it has been
many times explained, is still often mis-
understood. Mazda Service is not rendered
directly to the purchaser of Mazda lamps.
Mazda lamps may give to the purchaser a
service of the highest quality, but it is not
Mazda Service. The illuminating engineers
of the manufacturers of Mazda lamps may
stand ready to place their technical knowi-
edge at the service of anyone having a light-
ing problem, but it is not Mazda Service
they offer. The sales organizations of those
manufacturers, through their thousands of
agents, may maintain complete stocks within
convenient reach of evervone, but that is
not Mazda Service.

Mazda Service is rendered, not to the
individual purchaser, but to the manufacturer
of Mazda lamps. The Research Laboratories
of the General Electric Company collect

from all over the world information about the
best materials and processes for lamp man-
ufacture, study that information, and, when
necessary, make tests or investigations, and
then report their findings to each lamp
manufacturer entitled to receive them. In
addition the Laboratories are continually
conducting extensive research and experiment
directed toward the production of better and
more efficient light, and, when a discovery
is made, it too is communicated to all Mazda
lamp manufacturers. That is Mazda Service.

Now it is, of course, obvious that the pur-
chaser of Mazda lamps, though he receives
nothing directly from Mazda Service, does
benefit through the lamp quality that will
result if the manufacturer applies to his
product the information given him by
Mazda Service.

But what assurance has the purchaser that
the manufacturer has made full use of that
information?

Each manufacturer of Mazda lamps is
under obligation to maintain the quality
of his product at the standard set by the
Research Laboratories, under penalty of
forfeiture of his right to use the Mazda trade-
mark on his lamps.

But what check have the Laboratories on
the quality of the product? '

To answer that question is the purpose of
this article.

From the inception of Mazda Service, the
Laboratories have studied the results of
the extensive life tests regularly made at
each Mazda lamp factory, and, on customers’
inspections, at the Electrical Testing Labora-
tories and Bureau of Standards, and have run
many tests to determine the effect on quality
of various details of construction. At no time
could the quality of the product of any fac-
tory deteriorate materially without the knowl-
edge of the Laboratories.

But the Laboratories wished to go much
farther than that. They wished to place
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themselves in a position where they would at
all times know as much about the quality
of each type of Mazda lamp in each factory
as the most fastidious customer could, by
the most searching inspection, learn about
a single lot of lamps.

The Research Laboratories could them-
selves have undertaken the inspection work,
but that would have required the employ-
ment and training of a large number of
inspectors and a staff for compiling the reports.
The Electrical Testing Laboratories, of New
York City, had years of experience in inspec-
tion of lamps for customers and already
possessed a trained force of inspectors and
a staff experienced in compiling reports. To
have the inspection work done for the
Research Laboratories by the Electrical Test-
ing Laboratories would have the additional
advantage that the inspectors would not be
General Electric employees and would there-
fore be obviously unbiased and impartial
among the several lamp interests. Such
an arrangement was accordingly made, and
plans for the inspection work were laid.

First, the Research Laboratories, with the
help of the lamp engineers, drew up a list
of possible defects which should be looked
for in every lamp inspected. Those possible
defects number about 115. The defects
were carefully defined, criteria established,
limits set, and the necessary gages designed
and built. Thus specifications for the inspec-
tion were established as instructions from the
Research Laboratories to the Electrical Test-
ing Laboratories, and the work was begun.

Next a method of scoring each factory on
the quality of its product was devised.
The 115 defects were classified in four groups.

1. Defects which may mar the appearance
of lamps.

2. Defects which may affect the perform-
ance of lamps.

3. Defects which may cause lamps to be
inoperative.

4. Defects which may blow fuses.

Group 1 includes such defects as a mis-
placed label, dirt on bulb or base, poor
etching, a poorly shaped tip, stem shoulder,
or button. This is the largest group, and
includes 51 possible defects, none of which
affects the performance of a lamp.

Group 2 includes such defects as a crooked
base, insufficient basing cement, a badly dis-
colored bulb, a cracked button rod, a filament
out of a support hook, incorrect light center
ength, incorrect overall length. This is

the next largest group and includes 33 possi-
ble defects.

Group 3 includes such defects as a broken
button rod, a cracked bulb, air in the bulb,
a broken filament, a lead not soldered to the
base, a defective filament joint. This group
includes 26 possible defects.

Group 4 includes such defects as a loose
base, a short-circuit between lead wires,
or a lamp that arcs. This group includes
only 6 possible defects.

Next, to each group was assigned an
arbitrary figure as a penalty for each defect
in that group found in inspection. The
relative amounts of the penalties for the four
groups were proportioned as fairly as possible
to the relative seriousness viewed from the
customer’s standpoint of the defects in those
groups. Thus, by multiplying the penalty
for each group by the number of defects in
that group for each hundred lamps inspected,
adding the four products, and subtracting
the sum from a fixed number, a score was
obtained for each factory which with reason-
able accuracy represented the relative quality
of its product. By these scores the factories
could be ranked each month on the quality
of their work.

The scores and ranking serve two purposes
—to call immediate attention to any factory
the product of which requires investigation
and improvement, and to supply the stimulus
of competition in quality to factory super-
intendents and foremen.

The monthly reports compiled by the
Electrical Testing Laboratories from the
weekly reports of their inspectors are rendered
to the Research Laboratories. They comprise
about fifty pages each. First come the scores
and ranking of each factory for the month;
then the subsidiary ranking of each factory
for each group of defects; then a table
giving the change in scores from the pre-
ceding month, showing at a glance which
factories have improved and which retro-
graded; then a recapitulation of rankings and
a graphic plot of the scores for the year
showing the trend of quality through the
year for each factory; then the detailed
report giving the defects per hundred for
each defect for each factory; then a tab-
ulation of the outstanding deficiencies if
any in each factory; then a report of the
results of inspection on defects for which the
criteria or limits are still probationary for
lack of sufficient data to justify the Research
Laboratories in standardizing them, and
which are therefore not yet included in
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the score but are reported to enable the
Research Laboratories to judge whether the
proposed inspectional criteria are fair; and
finally the results of photometric checks for
rating purposes.

Of most general interest is the record of
the trend of quality since the inspections
were initiated about a year ago. In studying
those records, some allowance must be made
for the decrease in production during that
period which has made it possible to increase
the average quality of the work of the oper-
ators by laying off those individuals whose
product was inferior. The effect of this on
the factory scores is in part offset by the fact
that new defects have been added to the
inspection so as to increase the number of pos-
sible penalties.

After all allowances have been made,
the record for the year shows clearly the
beneficial effect of the stimulus supplied by
the inspection and the resulting competition
in factory scores.

For instance, the average scores of all the
factories for January and February were
912 and 927 respectively, 1000 representing
a perfect score; while for November and
December the average scores were 967 for
each month. In other words the deductions
for defects were reduced from an average
total of 8014 in the first two months to an
average total of 33 for the latter two, showing
that during the year the defects were more
than cut in half. In November the lowest
score of any factory was 939, beating the
average of the January scores by 27 points,
and the February average by 12 points. In
December, one factory dropped to 916, but
the others improved enough so that the

" average score was the same as for November,
967.

To get an idea of what such a score means
in terms of quality, suppose 1000 lamps
inspected and one lampfound with a loose base
and two with broken filaments. If the other
997 lamps were perfect, the score for that
lot of 1000 lamps would be 965, two points
below the actual average of all factories for
November and December. If in addition
ten of the lamps were found to exceed the
specified overall length and fifty were found
to have minor defects, such as a tarnished
base or a poorly shaped tip, the score would
be further reduced to 959, an amount equal-
ing the actual average score for all factories
for September.

This illustration is given to show how a
relatively small number of defects, mostly
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of minor importance, pull down a factory’s
score. Of course, actually in 1000 lamps
the variety of defects would be much greater,
and the number of defects of any one kind
would be smaller than in the illustration.

Another way -of viewing the results of
Mazda Service inspection is to observe the
growth in the percentage of lamps above
criticism, lamps in which no one of the 115
possible defects can be found.

In February, only one factory out of twenty
had 90 per cent of its product free from all
defects. Ten of the twenty had less than
80 per cent perfect lamps. One had less
than 60 per cent perfect.

This was not at all a bad record, as will
be realized by anyone who stops to reflect
that the presence of even so minor a defect
as a speck of dirt on the bulb or a tip poorly
shaped will subject a lamp to criticism and

~ prevent its being classed as perfect.

And yet in November, nine months later,
eight out of eighteen factories (two having
closed because of decreased production) had
90 per cent or more above criticism, and not
a single factory had less than 80 per cent.
In December, eleven out of eighteen had over
90 per cent above criticism, and again none
had less than 80 per cent.

It was not wholly the stimulus of rivalry
that produced this remarkable result. The
monthly reports enable the Laboratories
to spot instantly any operation in any factory
that needs attention. For instance, in the
October report, where all factories but one
scored above 940, while one was down to
784, that one factory’s record stood out like
a sore thumb, pointing emphatically to the
need for immediate improvement in the
basing operations in that factory. Less
striking deficiencies show up clearly in the
detailed reports, a study of which enables
the Laboratories immediately to warn the
factory management of any condition which
needs improvement.

It must be admitted, however, that the
factory superintendents, who receive copies
of the weekly reports prepared at the factory
by the Mazda Service inspectors, and who
figure out in advance with keen interest what
their scores are likely to be for the month,
seldom lose any time in correcting any trouble
disclosed by the inspection, so that when the
management, on receipt of the Laboratories’
warning, investigates, it is usually found that
the faulty conditions have ceased to exist.
It goes without saying that this forestalling
of their criticisms is anything but displeasing
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to the Laboratories. It seems to them
to offer the clearest possible evidence
that the Mazda Service inspection is worth
while. :

To an engineer, a diagram often tells more
than many words. The chart reproduced in
Fig. 1 shows a consolidation of the curves of
factory scores for the year, and reveals at a
glance the steady upward trend of quality
and the bunching together of the factories in
the region of high scores.

The chart also shows how the method of
scoring calls instant attention to a serious
defect epidemic at any factory. The first
glance at the chart shows that there was
somiething wrong with one factory in October,
for while all other factories were above 940,
one dropped far down to 784. A reference
to the detailed report gives an immediate

1000

explanation. That factory in October suf-
fered from an epidemic of a heavily penalized
defect—loose bases. Although less than
1 per cent of the lamps inspected had loose
bases, it was enough to produce the result
shown by the score and chart. That same
factory had no loose bases in either September
or November. Had it done equally well
in this one respect in October, its score,
instead of 784, would have been 968.
Through Mazda Service inspections the

- Laboratories acquire immediate and accurate

knowledge of the quality of the current
product of each manufacturer of Mazda
lamps, and they have the further satisfaction
of knowing that the inspection in itself is
an effective aid in maintaining that quality
at the high level that should be and is
implied by the word Mazda.

|
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Fig. 1. Factory Scores on Mazda Service Inspection, J y-D ber, 1921
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The Superpower System as an Answer to a

National Power Policy”
By W. S. MuURRAY

CoONSULTING ENGINEER

The project to develop a superpower system for the region between Boston and Washington was origi-
nated by Mr. Murray during war time, who urged the late Franklin K. Lane, Secretary of the Interior, to make
a survey of the sources of energy in New England and along the Atlantic seaboard as far south as Washington.
In time Congress made an appropriation of $125,000 for this survey, which was recently completed for the
United States Geological Survey by a special staff of which Mr. Murray was chairman. The Survey considers
the economic possibilities of interconnecting existing electric power plants and systems in the zone and the
building of new plants at advantageous load centers. It is estimated that this sytem will effect an annual
saving of over $500,000,000 by 1930, and what is of more importance, the conservation of 50,000,000 tons of
coal. The yearly profit from this development will amount to 33 perc ent of the investment—a highly attrac-
tive return. Two other articles on the significance of the superpower survey are published in this issue, one by
Mr. H. Goodwin Jr., dealing primarily with the industrial features, and the other by Mr. W. D. Bearce.dis-

cussing the advantages that will result from the electrification of 19,000 miles of railroads.—EDITOR.

It sounds like a simple sentence to say:
‘*‘Electricity is the True Agent of Power.”
Nevertheless when a careful analytical con-
sideration of that sentence is made you will
begin to realize that it stands for a great deal
more than those simple words.

Power is the father of all accomplishment—
moral, intellectual, and physical—and elec-
tricity as its agent is one that cannot be
approached by any other. Power has become
a great business in the world, and no business
ever succeeded without good agents. The
nearest approach to electricity as an agent of
power is high pressure water and yet it can be
shown that electricity is fifteen hundred times
better, at least so far as efficiency is concerned,
in the matter of power transmission. We have
arrived at the time when 400,000 to 500,000
horse power can be transmitted 400 miles with-
out incurring too great a commercial loss.

With regard to railways, we are not con-
cerned with the two accepted sybtems of
electrification but we are deeply concerned
with the universal power system from which
they are to receive their energy. Like the
industries scattered throughout the Zone,
each one of them calling for their complement
of power, the railways operating therein must
accordingly have their quota.

The Superpower Zone embraces the terri-
tory existing from Boston to Washington and
inland from the Coast about 150 miles, a total
of about 60,000 square miles. Within this
area there are 23,000,000 people, practically
one fifth of the total population of the United
States, and there are 36,000 miles of railroad
of the heavy traction type. Some of these
rails have already been electrified, as for
example, parts of the New Haven, New York
Central, and Pennsylvania, but this is a very
small percentage of the total. Within the

* Abstract of address before the Schenectady Section of the
A.LLE.E., December 2, 1921.

district there are 96,000 industries, and of these
76,000 require power. Already 4,000,000 kw.
of generating capacity have been installed
within this Zone and produce something over
10,000,000,000 kilowatt-hours yearly.

To complete the Superpower System will
rejuire the interconnection of the power
plants within the Zone. To do this our trans-
mission experts deem it advisable to use a
general zone transmission voltage of 110,000.
In the case of power development extraneous
to the zone and at considerable distance from
it, such as in the Niagara and St. Lawrence
districts, it is deemed advisable to transmit
at 220,000 volts, and one of the prime objects
in mind for the successful and economic han-
dling of such a potential was that such trans-
missions be unhampered with the require-
ment of multiple switching points. In other
words, that the power be transmitted in bulk
from the point of development to a single
point of delivery for distribution within the
Zone.

Let us consider for a moment the recom-
mendation with regard to 60 cycles as a
standard for the Superpower Zone. This
frequency is inevitable as the supporting data
of the report will show, and it means but one
thing; namely, that we must begin to live into
the production and use of high-powered
steam-turbine generators designed for 60
cycles. It has been and it is now my belief
that the single-phase system of electric trac-
tion from an electrical efficiency standpoint is
higher than that of the 3000-volt direct-cur-
rent systems, when there is no intervening
substation between the source of power and
the traction units; but the choice of the trac-
tion system is secondary in importance to
the proper choice of a standard system of
power from which either system of electric
traction'is to derive its energy. In stating
that a frequency of 60 cycles should be se’ected
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for the Superpower Zone, I am fully aware
of the fact that this robs the single-phase sys-
tem of one of its potent aids looking toward
high efficiency, thus bringing the two classes
of electrification more nearly together from
an economical standpoint.

I am glad also to embrace this opportunity
to say that I view with the deepest concern
any tendency toward the recommendation of
individual power systems for railroads. The
public electric utilities should be sole pro-
ducers of power from which railroads should
receive their energy. The public utilities are
in the power business, and know the power
business, and should continue in the power
business; and the railroads are in the trans-
portation business, and should continue in the
transportation business. The electrification of
railroads will be retarded, their costs will be
increased, and their reliability of service will
suffer by the existence and construction of
power plants to supply their individual needs.
Per contra, the electrification of railroads will
be tremendously accelerated when they know
that adequate, cheap, and reliable power is
made available to them by the people in the
power business; and nothing can be made
more patent than that this will be so when,
through multiple power stations and trans-
missions, power can be tapped therefrom at
many points along their lines.

We are on the verge of a great industrial
expansion and the two great arms supporting
it are power and transportation; and we must
therefore develop a system of transportation
which will permit the capacities of railways to
expand to meet the necessity of carrying the
raw and finished products, so that we can
back up the production of the country to meet
the world’s competition.

With regard to coal let us not forget that
while conserving that coal annually it will
mean also the conservation of the labor of
50,000 miners who are literally throwing their
work away while the world is yielding up this
veritable treasure only to be wasted; and let
us not forget that the investment necessary
to a regional plant will effect economies, the
return on which will cover that investment
in three vears.

Reference has been made to the savings
that may be effected through the further
electrification of industry and railroads.
Returning for the moment to the electrifica-
tion of railways, it is shown that the returns
are not so great as those accruing from the
electrification of industry. On the other hand,
11 to 19 per cent or an average of 14.2 for the

electrification of 19,000 miles of track is no
small sum; but the point here to be considered
is the fact that this result is based on the
existing traffic of 1919, to be much enhanced
by immediately succeeding years. The
thought that must be principal with us is that
we must begin now to develop that system of
traction which will permit a facility of expan-
sion to cope with the quick growth of traffic
requirements—and electrical movement is
the only means to that end. We must speed
up our main lines, yards, and terminals, and
there is no hope that steam can accomplish
this on our present limited track service in
the zones where the density of traffic is high.

In the matter of hydro-electric power for
the Superpower Zone, it is a fact that as of
1930 the ratio of hydro-electrically produced
power will only be 21 per cent of the total
to be generated. It is of greatest importance
to note, however, that through the system of
transmission interconnection, the maximum
amount of water power available could be col-
lected and so make each square mile of drain-
age area yield up the greatest number of kilo-
watt-hours. When the power of a single
river is connected to the lines of a single
system, the service factor of the river, espe-
cially those rivers where storage is unavail-
able, can not be made to correspond with the
load factor of the load. Interconnection,
however, of several systems permits diversity
of load application and the service factors of
rivers can therefore be better correlated with
the loads of the several systems.

You may be interested to know how we got
our appropriation from the Government.
It was by a frank statement that the money
would be used to show the people what might
be done if we co-ordinated our power systems.
We explained that we were not asking a dollar
from Uncle Sam to construct the system, that
it should be constructed lock, stock, and
barrel by the private interests of this country,
and we constantly kept in mind that good
saying of President Harding that we should
have ‘‘more business in Government and less
Government in business’ so that you must
eliminate from your minds any thought that
the Superpower System to be constructed will
be owned or controlled by the Government.

There is no instrument that has advanced
so much the possibility of superpower as the
electric utilities. They are the very founda-
tion for the coming existence of superpowerand
they are the logical ones to put it on the map.

We have shown how a large amount of coal,
capital, and labor can be conserved. The
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electric utilities, like many other corporations
through these difficult times, have been
fighting for their very existence. Splendid
management and the observance of every
possible economy is bringing them through
the storm, and out of this good work accom-
plished will arise the Superpower System to
carry on to higher economy and results.
Our only danger lies in the fact that we do
not recognize immediately this great second
period that is now upon us—not coming, but
upon us—in which we can practice the econo-
mies cited. The public service commissions
have a duty to perform in this great move-
ment tdward the elimination of waste and that
will be in rewarding capital by giving them a
proportionate per cent increase in return
wherever it is possible for them by economic
operation to make a reduction in rate. Today,
the bogey as to a permissible cost of money
has been set low. To build such a regional
plant as has been described, one must buy
money just as they have to buy bricks and
machinery and unless a fair return is offered,
capital can not be obtained. It is fair to
assume that the rates on power have been
scaled down by the Commissions to what in
their conscientious judgment is fair and a
fair plea is that additional reward be given to
capital if, through the exercise of efficiency
both-in machinery and management, a further
reduction in those rates can be made.

In the case of the New York, New Haven
& Hartford Railroad, the load factor on that
system is excessively high, due to the high
ratio of passenger tonnage to freight tonnage.
One of the last contracts I made for the New
Haven Road was that with the New York
Edison Company in which a load factor of
70 per cent was guaranteed. In the early days
of 1905 when the New Haven road was
electrified, we had to put 100 per cent of their
dollars into the line, and 100 per cent for power
into locomotives, and 100 per cent into power
stations. In other words, they had to do the
whole thing. Now, when we electrify, let us
eliminate for the railroads the 100 per cent for
the power station; let us eliminate from an
investment point of view the 100 per cent for
the locomotives by standardizing equipment
and securing their purchase through equip-
ment trust bonds and thus leave only 20 to
25 per cent capital requirement on the part of
the railroads for the construction of their
distribution and contact systems. We must
construct these great power stations and
transmission systems so that power shall be
available to the railroads just as it is to us

GENERAL ELECTRIC REVIEW

Vol. XXV, No. 2

when we go over to a socket to turn on the
light in a room, and it must be adequate,
reliable and cheap.

Discussion of Address by W. B. Potter

Mr. Murray mentioned that the return on .
the investment would be something over 14
per cent as the result of the reduction in cost
of operating railroads electrically as com-
pared with steam. That figure is rather
interesting. He mentioned a range between
11 and 19 per cent and I think that these
figures are not so very far from many of the
investigations we have made.

There is, however, another element enter-
ing into the economies of electrical operation
which I think well worth emphasizing. The
value of property.is what you can get out of
it, and if you can increase the amount of
traffic over a railroad by 5 per cent you have
increased the value of the property 5 per cent.
Many of the railroads, in normal times at
least, operate at nearly their full capacity,
and electrification would mean an increase in
the amount of tons they could handle. As to
passenger service, it means trains more nearly
on time. The reliability of electric power is
proved, as compared with steam. While it is
true that each steam unit is an independent
source of power, at the same time broken
down locomotives on the track are quite apt
to interfere with passenger service.

The bringing together of all those little
isolated plants seems to me like bringing
together rainfall into Niagara—both are
waterfalls. One has value, it is true, but of
no particular value to move the industries of
the world. But the bringing together of these
individual power plants, and the creation of
this superpower scheme, makes for the dis-
trict covered by it a unified source for main-
taining industry that could not be met through-
out the world.

If the co-operation of the various interests
involved is as successful in carrying out the
undertaking as Mr. Murray has been in
securing the co-operation of those with whom
he has been associated in the preparation of
this report, we can ask nothing further.

Discussion by A. H. Armstrong

The question of power supply is of first
importance in every proposed railway elec-
trification and I cannot too strongly endorse
the valuable work done by Mr. Murray and
his Commission in their careful analysis of
power requirements and their recommenda-
tions  for the future. Electrical engineers
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must fully recognize the utmost importance
of continuous power for electrified railways,
as no one cause would so quickly discredit the
success of electrifications as unreliable power.

To supply that security against break-
down, which is so necessary to electric rail-
way operation, imposes an almost prohibitive
burden upon the railway company itself, if a
power house containing ample reserve is
installed by the railway company and used
exclusively for its own purpose. The load
factor of an electrified road under favorable
conditions may be as high as 70 per cent but
in many instances where electrification is
fully justified the load factor may fall below
even 40 per cent. If in addition to the varia-
tion in the daily load there is added ample
provision for seasonal variations, such as
grain movement in the fall on our western
roads, and also there are provided reserve
units in addition, it becomes apparent that
the total investment in a railway power
station is so great that the burden of its fixed
charges seriously impairs the economic ad-
vantages of electrification.

Although the first thought of the railway
operator is to look favorably upon an inde-
pendent power supply entirely under railway
control, a study of existing installations dis-
closes the fact that some of our largest elec-
trified roads depend in whole or in part upon
power purchased from public utility com-
panies. This tendency toward the purchase
of power has become clearly defined during
the past few years and indicates the necessity
of adopting a uniform frequency of supply,
in order to benefit to the fullest extent from
the interconnection of power stations and
systems. The recommendation of Mr. Mur-
ray and his Commission that 60 cycles be
recognized as the standard frequency of power
supply in the United States is in full agree-
ment with the trend of sales of turbines and
transformers manufactured by the General
Electric Company during the past ten years,
which clearly discloses the rapid ascendency
of 60-cycle apparatus. However much dis-
agreement there may be as to so-called
systems of railway electrification, electrical
engineers should be in fullest accord as to the
benefits of adopting 60 cycles as the standard
frequency for all future power installations.

Similar action has been taken in many
foreign countries upon the recommendations of
railway electrification commissions appointed
by the Government to study the matter of
electrifying the railways in their respective
countries. In England, France, Belgium,

Holland and other countries a standard of 50
cycles has been adopted for power generation
and transmission, and the distribution of
power at a uniform frequency throughout the
country will constitute one of the greatest
factors in bringing about electrification of
railways. The report of Mr. Murray and his
Commission may therefore be looked upon
as the first serious attempt to bring about
equal benefits in this country by recommend-
ing the standardization of 60 cycles, which is
already so firmly established. Although this
Commission lacks any power to enforce its
recommendations in this respect, it is to be
hoped that the soundness of its findings will
be recognized by all electrical engineers and
every individual effort be made to standardize
a universal 60-cycle power supply.

Discussion by O. F. Allen

The total power so far used, or even con-
templated for the next few years, in the centers
of population of Europe, is so small com-
pared with the tremendous problem Mr.
Murray has studied, there is nothing to say
on that phase of it.

It will perhaps be of interest to you if I
relate one illustration of the European situa-
tion. An Italian railway now electrified
delivers freight to a French railway operating
by steam. I asked the engineer of the French
railway if they were going to electrify under
the existing industrial and economic con-
ditions, and if they could afford to electrify.
He replied: ‘‘We cannot afford not to elec-
trify, as with the electrified lines the Italians
are giving us freight faster than we can
handle it. As we have a contract with them
for several years to run to take the freight we
have either got to double our lines or electrify
them, and it is cheaper to electrify than to
double track.”

eAnother phase over there is that following
the terrible destruction from the war, they
have been able to study the combination of
heavy traction and power plant development.
The two things are going hand in hand. In
France they are building quite ‘substantial
power plants up to over 200,800 kw. each, and
they are laying out 220,000-volt transmission
lines. It is hoped to build them in three to five
years. They are combining so that they can
use all their power plants in all industries, and
arenot seriously considering any plants of small
size. The railroads are considered customers
for power plants as much as other industries.
Theyaretreatedaspartof thepowerscheme.and
this will help railway electrification in France,
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Discussion by H. R. Summerhayes

We have already in New England a super-
power system on a smaller scale: New Eng-
land power companies operating a large
number of hydro-electric stations. The New
England situation is bringing into being an
interconnecting system among many power
companies, operating on a sufficiently large
scale, and showing the practicability of the
system Mr. Murray proposed.

There is a similar situation in the south-
eastern states. While they do not transmit
power from one end of the system to another,
the power generated at one end of the system
may be carried part way and the power gen-
erated at this intermediate point transmitted
further on so that finally the surplus power at
the lower end of the system relieves the
situation at the upper end.

Last year, under the pressure of economic
necessity, that is, because of shortage of water,
a number of the systems surrounding San
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Francisco were hastily tied together by links
of transmission systems and put on one load
despatcher with a resulting saving of a great
amount of fuel.

In the larger system there are still some
engineering problems to be met. One little
difficulty is frequency, and in that I heartily
subscribe to Mr. Murray’s declaration that
60 cycles will be the universal frequency for
the power network. When we come to the
transmission of power it at first appears that
a lower frequency may be desirable for a
straight-away transmission, but in working
out the network 60 cycles may actually be-
come cheaper. It is, surely, preferable on
account of the necessity of standard frequency
and on account of the very much lower cost
of 60-cycle machinery. We must remember
that in the utilization of machinery—motors,
transformers, etc.—in the distribution system,
they represent a much greater investment
than the generating apparatus.

““General Views of Grand Central Terminsl Ares from 50th Street Before and After Electrification”
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What the Superpower Survey Means to the
United States

By H. Goopwin, JR.

CONSULTING ENGINEER, PHILADELPHIA

Mr. Goodwin was a member of the committee that made the Superpower Surve{ for the U. S. Geological

Survey, and is specially qualified to discuss its import. While the investigations o

the Superpower Surve

were to a large extent local, the fundamental economic principles and deductions will apply to almost all
sections of the country; hence the findings and recommendations are of concern to the whole country, and
Mr. Goodwin has elected to discuss its significance from this broad standpoint. —EDpITOR.

The Superpower Survey has been discussed
in its preliminary stages so frequently in the
technical press that it should be necessary
here only to remind the reader of it before
proceeding to the discussion.
very well by the title of the report which has
been issued as professional paper No. 123, of
the U. S. Geological Survey, entitled: “A
Superpower System for the Region between
Boston and Washington.”

The Superpower System is, of course, elec-
trical, a network of moderately high voltage

It is described

supplied by economical generating stations
at strategic points for generation. The
region studied runs inland about 150 miles,
covering the intense industrial area of the
North Atlantic Seaboard. The survey was
made by a special staff under the U. S.
Geological Survey.

But the Superpower Survey was more
than is at first suggested by the title of the
report. It was the first effort to determine
with any real accuracy the power, fuel and
electrical requirements of a large section of
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our country. The tremendous growth of the
electrical industry in all its branches is a
matter of record. The possibilities of the
future have been an open subject for pre-
diction and prophesy by those so inclined.
Some prophets have been so enthusiastic
and have spoken in such glittering generalities
of the ‘“‘unlimited possibilities’ of the elec-
trical future, that those who must supply the
funds for the development have been inclined
to discount the glowing statements. These
financiers have seen other propositions de-
veloped to a saturation unappreciated by
their enthusiastic advocates and have seen
them crumble with the effort at over de-
velopment. So a great progressive move is
made by the Superpower Survey in the
definite study of a large territory to determine
the proper ultimate practical development,
and a plan to reach that development as
soon as conditions will permit.

But any initial, progressive step like this
is more than a local benefit; it is a great step
in advance for the whole country. The un-
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derlying economic principles are the same no
matter what section is considered and the
means for working out those principles will
show greater similarity than diversity of
local conditions would at first make apparent.
So the Superpower Survey should interest
every progressive individual throughout the
length and breadth of our country,

Therefore the title of this article has been
chosen to be: ‘“What the Superpower Survey
means to the United States.” . This title
embraces all that is to be said, though on ac-
count of the size of the subject it is unfor-
tunate that the article cannot include all
that might be said under such a title.

Natural Divisions

Any such proposition as a Superpower
System may for one purpose or another be
dealt with from various aspects: executive,
legal, financial, commercial and engineering.

We should have a full appreciation of
these various aspects, and carry on our work
in any one so as to aid those who are engaged

TABLE I: MECHANICAL POWER SUPPLY EQUIPMENT

Divided by Character of Pow

. ESTABLISHMENTS —— Ml::'\::l SUPPLY EQUIPMENT
acter <
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in theothers. In thislight the Superpower Sur-
vey considered commercial and engineering
matters only. There are details to be worked
out in regard to executive, legal and financial
matters. While there are no insurmountable
difficulties, it will be evident that some matters
could be simplified by proper technical devel-
opment, both engineering and commercial.

It is here then that the report should en-
gage the attention of most. The results of
the Survey should not merely interest us
as finalities; instead, with the breadth of
view which these results will impart, each
one should survey his territory in like manner
to see how the findings may be applied.

The division of the work of the Survey is
a fundamental that was proved to be sound.
Therefore a statement of it is more than
narrative; it is a necessary concept for the
full appreciation of the work accomplished.
There were three sections of the work, viz.:

Railroads

Industries

Power and Transmission.

It was required of the first two sections to
determine the amounts of the railroads and
industries that might be economically elec-
trified and the saving to be accomplished
thereby. Of the third section it was required
to design a system to interconnect the present
utilities and carry the load determined by the
other two sections. It is thus seen that com-
mercial matters were involved in the work
of the first two sections and engineering in all
three.

COMMERCIAL PHASES

From the beginning it was evident that,
regardless of engineering analyses or possible
economies to be obtained, the final supply of
power to any establishment would necessi-
tate negotiations exactly similar to those now
conducted by the new business departments
of the central stations. Therefore, every
effort was made to develop the data in the
best form to aid the central stations in con-
necting the load that it was shown should be
supplied by them.

AND FUEL USED IN FOUNDRIES AND MACHINE SHOPS

er Supply. 1919 Census Data
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How often has a central station desired to
know the amount of load that might pos-
sibly be connected in its particular territory?
Or, lacking that, even the total power in use
in the territory? This is the situation that
presented itself to the Survey, except that
it was magnified for the whole zone. Since
practically none of the central stations could
supply this information other means were
adopted. It was decided to obtain the in-
formation directly from the railroads. But
the industries still presented a great problem.
The last census for manufacturers was that
for 1914. The census bureau was questioned
about the 1920 census then in the process of
collection. The reply was that with the co-
operation of the Survey they believed they
could furnish the information desired.

Industrial Power

The original intention was to get just the
regular information on power and fuel used
by the industries in the Superpower zone.
The work in the census bureau was under the
direction of Mr. E. F. Hartley, Chief Statis-
tician for Manufacturers. He entered into
the proposition with great spirit and ex-
hibited the strongest desire "to make the
census bureau of the greatest commercial
service. The result is that instead of having
just an ordinary summary of the power and
fuel used by the industries, there is presented
in the Superpower report the greatest, in
fact, the only analysis of industrial power and
related fuel use on a large scale that has
ever been made.

As an example, Table I shows the mechan-
ical power supply equipment and fuel used
in machine shops. The report will contain
over fifty such tables, general and detalil,
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covering all branches of manufacturing and
mining. The value of these can be appre-
ciated by a little study of this sample. Table
I shows by the column headings the various
types of prime movers and electrical equip-
ment used, and also the fuel. Looking down
the left side it is seen that all the items are
divided by character of power supply, and
then subdivided by plant size. It is to be
noted that the fuel associated with each
power group is shown separately; for in-
stance, plants operating entirely on pur-
chased electrical power have in this industry
142 establishments with 201 to 500 horse
power. The total rating of the motors is
44,489 horse power.

In these establishments there is used for
other purpose than power production 24,835
tons of anthracite and 58,478 tons of bitum-
inous coal, which is equivalent to 80,778
tons of bituminous total. This table deserves
the study of every man interested in indus-
trial power, so that when the report comes
giving similar tables for all industries he may
be able to grasp them quickly and under-
stand the analyses worked out from them.
From these tables the Survey determined by
analysis and consultation with experts in the
different industries the additional amount of
power that might have been supplied to
each and all the industries.

The tables, of course, apply only to the
Superpower zone, but a thorough study of
them should give a new sense of proportion
useful in any territory. In fact it is probable,
having sufficient familiarity with the special
data for the Superpower zone, that useful
approximations could be made from the
general census tables for the other sections
of the country.

TABLE II: MECHANICAL POWER SUPPLY EQUIPME

Divided by Plant Size.
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Distribution of Industrial Power

But this is not all that the census did for
the Survey and engineers. After each in-
dustry had been analyzed the power was
tabulated by counties, subdivided by plant
size. Table II shows Northampton County,
Pa., as a sample. The division of power
by plant size in each county was only made
for the Superpower zone. But the 1920
census will show for the first time the power
in each county in the United States, tabulated
with the same column headings as Table II.

It is interesting to remark that these special
tabulations were made economically possible
by the introduction into the census of manu-
facturers of electrical tabulating machines.

To illustrate the distribution of power
graphically, Fig. 1 shows a map of the section
of Pennsylvania in the Superpower zone.
Indicated thereon by open circles is the total
rating of prime movers and by solid circles
the motors operated from purchased electric
energy. On the completion of the 1920 census
of manufacturers it will be possible to con-
struct such a map for the whole country or
any portion of it.

Growth of Industrial Power

But of course, the load that might have
been carried in 1919 is not sufficient informa-
tion on industrial power. It was not then
connected to central station systems and may
not be till those systems are extended. Also
the Superpower System must be constructed
to care for increases for a number of years to
come. This then brings in the question of
growth of industrial power. The past
growths were determined as a basis. The
curves in Fig. 2 show by solid lines the form
of the growth. The first point of interest is

NT USED IN NORTHAMPTON COUNTY, PA.
1919 Census Data
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that if the central stations (‘‘Purchased
H.P.”) continued to grow at the rate they
have in the past, their load would soon ex-
ceed the total power of all the industries—an
obvious impossibility. The dot and dash
line shows the amount of power that might

GROWTH OF
INDUSTRIAL POWER

Horse power

919

Years
Curves Illustrating Growth of
Industrial Power

Fig. 2.

have been carried at any time as determined
by the Superpower analysis of the industries.
It is the object of the Superpower to have all
this connected by 1930. This means that
the central station curve will continue up
as shown. But look at the *‘Isolated Plant”
curve and note what the result is there. It
means that this curve must turn down and
show a more rapid rate of decrease of power
than the maximum rate of increase. During
the past few years the central stations have
shut down much isolated plant power and
taken practically all the increase, but enough
new plants have gone in so that the total
isolated plant power has been held practically
constant. Now the real fight begins. Iso-

ELECTRIC MOTORS
Operated by Purchased Energy
Total R&:&{.‘s:dﬁnt Number of Establishments
Electric Motors Establishment Reporting No Power
Total Other
HP | _ H.P. |_ R _ l P . -
1 No. | H.P. No. H.P. No. H.P.
' T T o - . o
6379 1392 ' 6379 0 1443 7021 1 51 642 —
|
5192 325 5192 o| 3471 5437 o2z s —
40861 2134 | 40861 0 10038 } 232743 * 7904 | 191882 —
. 52432 3851 | 52432 0 11828 | 245201 ‘ 7977 | 192769 49
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lated plants must be shut down faster than
they were ever put into operation, if the
present rate of growth of the central stations
is to continue. With this condition con-
fronting them, of what immense value are
the data compiled by the census bureau for
the Superpower Survey! How necessary is
it for the central stations to study the sit-
uation most critically and formulate definite
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out the country, from the final census pub-
lications, and a little further comment may
therefore be useful.

Data on the power used by manufacturers
were first collected by the census for 1869.
Since then it has grown rapidly due to two
causes, viz., growth of industry, and growth
of use of power per unit of product. An appre-
ciation of the values of these two factors is
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Fig. 3. Map of Proposed Superpower Transmission System for 1930

plans for procedure! And, be it remembered
this is not for the benefit of the central stations
only, but even more for the industries. For
the central stations it means growth, for the
industries it means economies, because the
determinations of the Superpower Survey
were predicated upon dollars and cents
economies to the industries to be supplied.
Curves similar to Fig. 2 can be plotted
for any states, cities or other areas through-

necessary to a proper understanding of the
curve for a particular territory. Many old
basic industries, formerly strong in the Super-
power zone, most of them heavy power users,
are moving west. At the same time the
‘“finishing” trades are increasing their use
of power to try to keep down costs and
offset the increasing distance to the center
of consumption as it moves west. These
industries have the advantage of an estab-
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lished name and reputation, and in nor-
mal times proximity to the ports for foreign
trade.

The form of the curve ‘‘Purchased H.P."”
is familiar to all central station men. An
understanding of the logarithmic growth in
the past is necessary to a prediction of its
course in the future. Before the ‘‘ Purchased
H.P.” curve started, the central stations were

nature physical, commercial and financial.
All have a cumulative effect and account
for the logarithmic shape of the curve.

The physical factor has been pointed out
above. A 500-kw. central station could not
supply a 1000-kw. industrial load; but as
the size of the station grows to 3,000 kw. to
5,000 kw. or more it is physically possible
to supply the 1000-kw. industrial load, and

—— M e e o]

Fig. 4. Mep of Proposed Superpower Transmisslon System for 1923

in existence supplying street and house light-
ing in all communities of importance. Motors
then became commercially practical to re-
place some of the small engines in use by the
industries. The size of these motors at first
could only be comparable to the lighting
loads, which were small. But the gradual
addition of small units of load built up the
central stations till they could handle larger
loads. The three factors involved were in

that addition makes it enough larger to handle
an even larger load.

The commercial factor acts in a similar
way. The central station must grow to be
considerably larger than an industrial load
before it can generate cheaply enough to cover
the distribution cost. Most larger loads have
been supplied with very little profit at first,
but have increased the total load so that costs
have been reduced, profits increased on the
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smaller loads, and ultimately become profit-
able through the addition of larger loads.

The financial factor is again similar. It is
hard for a new unproven enterprise to obtain
capital. But when it is successfully operating
and the field ahead is apparently large, it
can attract new capital each year in ever
increasing amounts.

New capital is necessary for the physical
extensions for new loads and can be had
if commercial rates are such as to insure a
return. The three factors work together to
produce a curve of ever increasing growth
of central stations till the saturation point is
reached, or those supplying the finances fear
it is approaching. The curves in Fig. 2
show in what a free field the central stations
have been working below ‘‘horse power that
might have been purchased.”” But they also
show that the critical or saturation point
will come very speedily with similar progress
in the next few years. Therefore in these
curves are found justification for the opti-
mist, reason for the conservatism of the
pessimist, and a chart for the guidance of
the true progressive.

In concluding this section it is interesting
to note that the largest industrial establish-
ment, measured by power used, relied entirely
upon purchased power, and several others of
the larger ones were also supplied very largely
by central stations. Also that the industry
of manufacture of electrical machinery was
the most efficient in its use of fuel.

ENGINEERING PHASES
Fundamental Principle

Most fundamental engineering principles
are simple and should be understood by all,
but unfortunately are often clouded over by
the mass of detail that enters into our large
developments of the present day. The
fundamental principle of design of the Super-
power System is the expansion, to cover the
whole zone, of that principle which has made
central stations successful in their particular
territories. This is the principle of unifica-
tion of systems of power supply. While
this has been done in some sections quite
completely there are other sections where
much is still to be desired. The unification
of local systems combined with the general
interconnection throughout a large territory
would make an ideal arrangement.

The Superpower System

The idea of the survey was to determine
the ultimate necessities of the zone and
design a system to meet them. A ten year
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period was decided upon and plans prepared
for 1930. To determine the development of
the system the portion of it that would be
needed and could be built by 1925 was also
decided. Fig. 3 shows the system proposed
for 1930 and Fig. 4 that for 1925.

The interconnecting network has been
based on 110,000 volts. There are a few lines
to be of the highest commercial voltage, and
therefore figured at 220,000 volts. These
latter lines are for bringing power into the
load area from points of economical genera-
tion outside the load area. They are:

A line from Sunbury to Reading to Phil-
adelphia,

A line from Pittston to a switching station
for the upper Delaware water power to
Newark,

Lines from the St. Lawrence, if that water
power is developed some time after 1930.

Three stations are proposed in the anthra-
cite field to use the small sizes of coal, located
at Pittston, Nescopeck and Sunbury. These
are not mine-mouth plants for they must be
located conveniently for good condensing
water, which is rather scarce in this region,
and they must use the small sizes of coal
from many mines. Mine-mouth plants in
the bituminous field were not found prac-
tical as it would be necessary to go too far
west to get condensing water.

Fig. 4 shows that by 1925 the system
should be pretty well outlined but that the
stations would not be developed to full size.

Studying these maps shows that New
York State should continue to hold its place
of industrial prominence. The water powers
of the Adirondacks shown are among those
most easily developed and should supply
economical power to the central eastern
section of that state. This same section is
in the best location to receive later the power
from the St. Lawrence River for further
development. Industrial conditions in this
section are now good, and if housing and
other essentials keep up with power supply,
this section should have a great future
growth. Locations near the Delaware and
Susquehanna water powers also offer at-
tractions for the future, but on account of
the nature of these developments they will
have to be made to care for some large bulk
demands rather than for the gradual develop-
ment of industries near them.

Importance of Distribution

Those keenly interested in distribution
have long lamented the lack of consideration
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that is given to its economics in practically
all central stations. Generation receives
close study and the last 14 of 1 per cent in
efficiency is sought out like the *‘lost sheep.”’
But when the current has been put on the
distribution system, little more concern is
shown for it. It is true that distribution is
a most complicated problem, but all the more
reason for giving it the required attention.

The Superpower zone was not found to be
any exception as regards distribution. The
records for generation were entirely satis-
factory for their purpose, but it was impos-
sible in the time assigned to secure records
of the distribution of energy.

There is no question that power can be
generated in large well located central
stations, and even transmitted many miles
to industrial centers, more cheaply than it
can be generated in even the largest indus-
trial plants. But when it is there it must be
distributed. No matter whether power is
generated or purchased by a central station,
the-distribution is there and calling urgently
for attention. The Superpower Survey in-
vestigations confirmed this for the zone.
So the Survey means an awakening to the
value of exact studies of distribution through-
out the country.

Economies in distribution extend through
every detail from the consideration of the
proper size secondary and transformer to
use for house lighting, through the various
demands of power supply, through the
combinations of apparatus in substations,
through main feeders to the points of bulk
supply of power. Some of these points were
naturally more accented by the Survey than
others, but all need great study at this time.

Substation Practice

The System of the Commonwealth Edison
Company, in Chicago, is acknowledged to be
an example of central station practice ap-
proaching perfection in the fundamentals
and has been studied by most men well ad-
vanced in the art. Yet looking at the other
systems throughout the country, it would
appear that the degree to which combinations
have been carried in Chicago to take ad-
vantage of diversity are almost unappre-
ciated. From one substation which is
supplied by a-c. feeders the company fur-
nishes service for light and power on a-c.
circuits; and through synchronous converters
working in parallel the same station supplies
four railways with 600 volts direct current
through independently metered feeder groups.

The economies in investment and operation
are obvious and sufficient to overcome any
old prejudices against such combinations.

The transmission line of the Chicago,
Milwaukee & St. Paul Railroad is owned by
the railroad. But in the light of experience
the electrical engineer for the road, Mr. R.
Beeuwkes, said at the Pasadena Convention
of the National Electric Light Association
a year ago that he considered it would be
better for the central station to own and
maintain the transmission line. This is an
example of thought and experience from the
other side. If there are fundamental econo-
mies of considerable amount to be effected
by the central station supplying current
at trolley voltage—and it is done in many
cases—surely that principle should becomeone
of usual practice instead of the exception.

In the station of the Commonwealth
Edison Company, referred to above, ad-
vantage is obtained not only from the diver-
sity of the loads but also from the improved
power-factor due to the operation of the
converters. If motor-generator sets were
necessary on account of the trolley current
characteristics, further economy would be
possible by the proper design of the motors.
The motors could be designed for a certain
amount of leading current, so that they
could be used for correction of the sub-
station power-factor, maintaining it at unity.
The fields could then be controlled by auto-
matic regulators set to hold the voltage con-
stant on the a-c. bus for distributing circuits
practically regardless of changes in any of the
loads. This is not an expensive scheme for
there are certain compensating economies in
the construction of the machines.

Automatic Substation Voltage Control

To show by a specific example that such
a system can supply good a-c. service with
properly designed motors and regulating
apparatus, calculations have been made on
a transmission line that is considered as
going beyond the extreme requirements for
the Superpower territory, or in fact for any
territory. The assumed line is 50 miles long
and is to carry 30,000 kw. at GO cycles, with
66,000 volts at the generating station. The
potential at the receiving end is fixed at
60,000 volts. The size of the conductors
has been taken at 500,000 cir. mils. At full
load and unity power-factor the voltage drop
would be 8 per cent in the line, leaving a
small margin for transformer regulation. But
the great point is that the drop can be kept
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constant at all loads and the automatic
regulators will hold the voltage constant
through all fluctuations of load. As the load
drops the regulators would drop the power-
factor, thereby increasing the proportionate

line drop to hold the voltage constant. As:

the load swung on again the regulators
would increase the fields and the power-
factor, thereby decreasing the line drop and
holding the voltage constant. In the extreme
case of no load, the motors would carry
10,500 kv-a. with zero power-factor lagging.
This does not take into account the regula-
tion of the transformers at no load, which
would aid in holding the voltage down to a
great extent, with much less lagging current.
Fig. 5 gives vector diagrams for full load,
part load, and no load, showing how the
automatic regulators will keep the voltage
constant at the receiving substation by
changing the fields of the motors, and so
varying the power-factor.

This study is of great interest, but there is
not space here to go into it further than to
say that all calculations seem to indicate
the necessity of operating a general system
for power interchange at very close to unity
power-factor during full load conditions.
Therefore every piece of synchronous appa-
ratus that can be taken over by the operating
company and operated for the good of the
system as a whole is a direct saving in other
such apparatus. Further, operation at unity
power-factor means that high reactance
transformers can be used without fear of poor
regulation, and may be used to the fullest
extent for the reduction of short circuit in-
tensities, with a consequent reduction in
cost of the switching apparatus required.

In closing this particular item of discussion
it should be noted that these developments
are not purely engineering but have important
commercial features.

Distribution Voltages

The careful study of moderate voltage is
advocated, although it is appreciated that
extra high voltages have a natural fascination.
Doubtless the calculations and construction
of extra high voltage lines are very interesting
but both are simple compared to the com-
plications of calculations and construction for
a comprehensive distribution system.

Some very interesting developments have
been going on in the last few years in connec-
tion with distribution. Since the distribu-
tion of power in the zone is going to be a
cnitical point, as has been pointed out above,
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it is in place here to set forth a few simple
points for consideration.

The *Standards of the A.LLE.E.” give a
series of standard voltages. This standardiza-
tion is very good and has helped immeasur-
ably in the production of apparatus, etc.
But as systems have increased and been
compelled to go up in voltage, it has been
found in many cases that the steps taken
have been too conservative. For certain
reasons some of the voltages now in use will

-probably become more common and standard

for particular sections. It is particularly
important that such standardization be
carried out in the zone.

There is little question that 2,300 volts
will always have a place. With its fullest
development it has a capacity of from 1,000
kw. to 2,000 kw. per circuit either in three
phase or quarter phase. This means that it is
availablefor supplyingall but the largest loads.

Above this there is a whole string of volt-
ages from 6,600 volts to 16,000 volts, which
were considered for many years the highest
voltage safe for. cables. It is in the use of
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Fig. 5. Vector Diagram of Automatically
Regulated Transmission Line

these that many are now finding that they
have been too conservative.

Then there comes a group from 22,000
volts to 35,000 volts. These are the highest
for which standard three-conductor cable
has been manufactured. On account of
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physical limitations it is not likely that much
higher voltages than this will be used gen-
erally in three-conductor cable. On account
of the same limitations there is also little
advantage in the higher voltages of this
group; in fact, the lower ones allow a little
more flexibility of design. All voltages of
cables of this group have a capacity of about
10,000 kv-a., though the lower voltages may
be built for a lower capacity while the higher
ones may not.

It appears then that there is little necessity
for any potential between 2,300 volts and
22,000 volts, and any systems with inter-
mediate potentials should investigate care-
fully before going on with extensions.

The next voltage that stands out is 66,000
volts. It has several distinguishing features.
It is high enough to have a very considerable
carrying capacity, as was shown in the cal-
culation in connection with automatic sub-
station voltage control. It is the highest
voltage for which transformers and switches
are built with solid bushings. (The filled
bushings for higher voltages increase the
cost of switches and transformers tremen-
dously.) Single conductor cable is now avail-
able for this voltage so that transmission
lines may be run underground through the
heart of city districts at this voltage. Other-
wise it is necessary to have a transformer
substation on the edge of the city and use
lower voltage cables for the underground sec-
tion. This not only involves the cost of the
transformer station, but puts definite limits
on the operating characteristics which are not
present when there are no transformers.

Lines operated at 66,000 volts are usually
constructed with suspension type insulators,
but there are many pin type installations
from the early days, and some more recent
ones with enviable records. With the greater
knowledge now had on the subject of design,
many engineers feel that the possibility of
using pin type insulators is a most important
point, and that it should receive the closest
attention. Some of the particular advantages
are: Rigidity, and therefore greater variety
of construction arrangements; narrower right
of way,; better possibility of combination
with towers for holding trolley wires for rail-
roads, so that the railroad distribution
system may be made the same voltage as
other parts of the general distribution system
without a serious compromise or erection
of independent towers on the railroad right
of way; and as a result of all these, a much
lower total annual cost.

It may not be out of order then to consider
why suspension type insulators have been
so generally used on 66,000-volt lines. There
were undoubtedly physical reasons in many
cases. An example of this is the Pittsburgh
case where the whole system has been de-
signed to change to double voltage. But
often it would appear that the psychological
cause has been greater than the physical.
Some one says: ‘‘While we are building
let’s have a real line.” If the ‘‘real line”
includes suspension insulators in their minds,
there is no argument of economy that can
persuade the use of the lowly pin type in-
sulator. Finally, precedent points toward
the suspension insulator as standard practice,
and the advocate of the pin type has to
face criticism as a reactionary. But in the
face 