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Student Activities
in the A. L. E. E.

The prospects for better and more effective work by
the Student Branches have been greatly increased dur-
ing the past year by the appointment of faculty mem-
bers as official Counselors, authorized by the Board of
Directors a year ago. The Counselors, rfow eighty-
seven in number, are ex-officio members of the Student
Branches Committee and as a consequence the work
during the year has centered chiefly on providing
machinery for coordinating the efforts of the enlarged
membership.

In general the plan in process of development may be
outlined as follows:

1. A committee of Student Activities consisting of
the Counselors, District Vice-president and Secretary
to be organized in ‘each District, with one of the Coun-
selors as Chairman; the principal function of these com-
mittees will be to coordinate student activities in their
respective districts.

2. That each District Student Activities Committee
select each year one of its Counselor members as
official delegate to an annual meeting of the Student
Branches Committee during the Summer Convention
of the Institute.

As part of the above outlined plan for the purpose of
fostering and developing branch activity, the Sections
delegates conference in joint meeting with the Com-
mittee on Student Branches at White Sulphur Springs,
Va., during the Spring Convention of the Institute on
May 21, after full discussion, took favorable action on
the following recommendations to be submitted to the
Board of Directors:

(a) The payment from the Treasury of the Institute
for travel expenses (at the usual rate of 10 cents per
mile one way) for branch counselors and incoming chair-
men of branches for one annual district meeting.

(b) Similar payment of travel expenses of one dis-
trict branch representative, selected by the Student
Activities Committee of each district, to an annual
national meeting held in conjunction with the Sections
Delegates’ Conference at the annual Summer
Convention.

It is understood that the above is applicable only to °

those districts where permanent Student Activities
Committees of Counselors, district Vice-president
and Secretary have heen effected.

In accord with the above general plan very successful

meetings have heen held during the year at several

regional conventions. Student Activities Committees
have been organized as follows:

Distriet No. 1, Boston, May 7, A. H. Timbie, Chair-
man. District No. 2, Cleveland, March 9, H. B. Dates,
Chairman. District No. 5, Madison, May 7, C. M.
Janskey, Chairman. District No. 8, Salt Lake City,
Sept. 6, H. H. Henline, Chairman. District No. 9, Salt
Lake City, Sept. 6, J. A. Thaler, Chairman.

Three very successful conventions of electrical engi-
neering students were also held last spring at Boston,
New York and Swarthmore College, Pa.

While the organization of Student Activities Com-
mittees and the meetings held during the several
district conventions have received most attention, the
general problem of increasing the effectiveness of the
Student Branches has been approached from many
directions. Among the suggestions discussed at the
White Sulphur Springs Convention the following may
be of special interest:

1. Recognition of Student Branch activities by the
faculty as an essential factor in the work of electrical
engineering students.

2. More frequent visits from A. I. E. E. officials.

"3. Better cooperation between Branches and nearby
Sections. Joint meetings, exchange of programs, ete.

4. Presentation of papers by students at regional
meetings of the Institute.

5. Printing of more student papers either as a special
section in the A. I. E. E. JOURNAL or otherwise.

The several suggestions listed above, especially
numbers four and five, should be fully discussed by all
Student Activities Committees in order that definite
action may be taken at the meeting of the Student
Branches Committee during the next Summer Con-
vention of the Institute.

Another part in the year’s work has been to assist
in the drafting of the revised set of By-laws for
Branches recently submitted to and approved by the
Board of Directors.

During the past year the Student Branches Com-
mittee has submitted to the Board of Directors favor-
able recommendation on applications for the establish-
ment of Student Branches at the following institutions:

1. Stevens Institute of Technology, 2. Worcester
Polytechnic Institute, 3. University of Wyoming,
4. Washington and Lee University, 5. Ohio University,
6. Princeton University, 7. University of New Hamp-
shire, 8. Louisiana State University, 9. Akron Municipal
University, 10. College of Engineering of the Newark
Technical School, 11. University of Santa Clara.

1059




1060

The status of general student Fngineering Societies
seeking afliliation with the Institute has heen carefully
considered and on May 21 definitely determined by the
Board of Directors with the adoption of the following
By-law:

“Sec. 59a. An established student engineering society in a
university or teehnical school of recognized standing may, upon
application of its officers and a member of the Institute connocted
with the sehool, and the approval of the Board of Directors,
beecome associated with the Institute. Members of such assoeli-
ated student engineering society may have the same privileges
as enrolled Students of the Institute and v ill be governed by the
same requirements.”’

In adopting this By-law, it was definitely understood
by the Board that in recognizing general student engi-
neering societies in this way, no financial support from
the Institute treasury is contemplated, but that stu-
dents who are members of such societies and who desire
to subscribe to the JOURNAL at $3.00 per year, which is
the same amount as paid by Enrolled Students of the
Institute, may have this privilege; and also, the names
of such affiliated organizations will be printed together
with the list of Student Branches. In other words, the
principal purpose of the By-law istoindicate clearly that
the Institute is ready to cooperate with general student
engineering societies in those Institutions in which it is
not deemed desirable, for one reason or another, to
organize a separate Student Branch of the Institute.

C. E. MAGNUSSON,
Chairman, Student Branches Committee,

Some Leaders
of the A.I E. E.

Arthur William Berresford, thirty-third president of
the Institute (1920-1921), was born in Brooklyn, New
York, in the year 1872. After the completion of his
grade school education, he entered the Brooklyn Poly-
technic Instituteto preparefor his professional career and
was graduated with the class of 1892. He then entered
as Senior at Cornell University, graduating in 1893 with
the degree of M. E. in Electricity.

From 1893 to 1896 Mr. Berresford engaged in the
varied line of occupation inevitable to the beginner of
any profession, his preliminary experience ranging in
scope from work in the car barns of the Brooklyn City
Railway Company—overhauling motors, and ground-
hand on trolley-line construction work, drafting, wiring
and installation—to the fields of sales and invention.
In 1896 he was placed in charge of the testing and design
work of the Ward-Leonard Electric Company and from
that time until 1923 he was closely identified with
electric motor control.

In 1898, in company with two associates, he bought
over the Iron Clad Rheostat Company which, under the
new name of the Iron Clad Resistance Company, they
restored to a sound basis intwo yearstimeand sold it to
The Cutler-Hammer Mfg. Co., which is today one of the
representative heads in the field of motor control.
Entering this company’s engineering department in
1900, Mr. Berresford, within a period of 23 years, be-

NOTKS AND COMMENTS
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came successively superintendent, general manager and
vice-president. His contributions to the prolession
have been largely from a managerial point of view, in
encouraging and instructing many of the men who have
achieved great things for the advancement of the elec-
trical science. During the period of his service with
The Cutler-Hammer Mfg. Co., many intricate devices
were evolved, lending material betterment to modern
steel mill equipment and production, hoisting and
conveying machinery, electrically operated printing
presses, modern electric elevator service and innumer-
able special control problems requiring a high order of
engineering ability.

During the war period, Mr. Berresford was chairman
of the General War Service Committee of the Electrical
Manufacturing Industry and is now past-president of
the Electrical Manufacturers Club and Associated
Manufacturers of Electrical Supplies. He is also a
member of the National Industrial Conference Board,
The American’ Society of Mechanical Engineers, the
Society of Naval Architects and Marine Engineers, the
National Electric Light Association, Society for the
Promotion of Engineering Education, Sigma  Psi,
Milwaukee and University Clubs of Chicago and Mil-
waukee, the Town Club, Country Club and Mohawk
Clubs of Schenectady, the Engineers Club, New York
Athletic Club and Chemists Club of New York. Mr.
Berresford became an Associate of the Institute in 1894,
was transferred to the grade of Member in 1906 and to
the grade of Fellow in 1914. He was a Manager of the
Institute from 1909-12, a Vice President from 1912-14
and President from 1920-21. He also served upon
numerous important committees of the Institute,
including the Executive, Sections, Public Policy,
Meetings and Papers and Edison Medal Committees.
He has represented the Institute upon the John Fritz
Medal Board of Award and the American Engineering
Council, and at the present time is a Vice-President of
the latter organization.

He is now engaged in the field of electrical refrigera-
tion as executive vice-president of the Nizer Corpora-
tion, of Detroit, one of the three units recently merged
to form the Electric Refrigeration Corporation.

A system of budgeting the A. I. E. E. papers for
the coming year was inaugurated by the Meetings
and Papers Committee last year which has proved most
satisfactory in limiting the amount of material accepted
for JOURNAL publication to the number of pages avail-

- able, without exceeding the appropniation allowed for

this purpose. In previous years, In order to keep
within the appropriation, it became necessary to abridge
very drastically quite a number of papers; this year, by

- virtue of the budget system, we are able to publish all

accepted papers either in full or -with eight page
abridgements as prescribed by the Publication Com-
mittee. A similar budget has been prepared for
next year.




Transmission Features of Transcontinental
Telephony

BY H. H. NANCE:

Member, A. 1. E. E.

Synopsis.—In this paper, the various steps in the establish-
ment of the existing network of transcontinental lype circuits and the
transmission design consideralions are reviewed. The discussion
covers the communication channels oblained from transcontinental
type facilities and the bands of frequencies employed, and includes

0. B. JACOBS

Associate, A. I. E. E.

and

carrier-current systems, telephone repeaters and signaling systems.
Mention ts made of special uses of transcontinental lelephone
cireutls, such as the transmission of program malerial for broad-
casting and the (ransmission of pictures. Finally, the maintenance
methods required to keep the system at full efficiency are oullined.

N view of the fact that this convention is being
held in Salt Lake City and that the original trans-
continental telephone line connects this point with

Pacific Coast points and the eastern part of the country
including points on the Atlantic Coast, it was
suggested to the authors that it would be of interest
to present a discussion of the transmission features of
transcontinental telephony at this time.

Since considerable information on this subject has
been covered by previous papers presented before the
Institute, this discussion will be confined to a resumé of
the transcontinental type facilities provided for coast-
to-coast telephone service and some of the general
transmission considerations which are important factors
in determining the design of these facilities.

The opening of the first transcontinental line in 1915,
between New York and San Francisco, marked a new
era In long distance telephony, as this was the first
achievement of successful telephone transmission over
distances materially in excess of 2000 mi. and demon-
strated clearly the practicability of meeting the trans-
mission requirements for a nation-wide telephone
service. Previous to that time, New York to Denver
represented about the maximum distance for telephone
connections and the transmission obtained would not
be considered any too good as judged by the standards
of today. The circuits for the New York-Denver
service had been constructed of copper wire, 165 mils in
diameter (435 Ib. per mile), and were loaded with 250-
milhenry coils spaced about eight miles apart. Re-
peaters, or amplifiers, however, were not used since
methods for applying them to loaded lines, as well
as for their use at more than one point in a connnection,
had not been developed to a practical extent at that
time.

By the time the new line west of Denver was con-
structed, telephone repeaters of new designand improve-
ments in their application to telephone circuits had been
developed so that the difficulty of operating in tandem
and also over loaded lines had been overcome. In-
cluded in these improvements, which were applied
to the new line and also to the existing line from New

1. Both of the American Telephone and Telegraph Co.,
New York City.

Presented al the Pacific Coast Convention of theA. I. E. E.,
Sall Lake City, Utah, Sept. 6-9, 1926.

York to Denver, were new loading coils of a more stable
design, very accurately spaced, in order to provide
uniform 1mpedance characteristics and balancing
networks of simple design for use at repeater points to
match or simulate the impedance of the line. The
repeaters were located about 500 mi. apart so that on a
New York-San Francisco connection, six repeaters were
normally in the eircuit. The transmission loss in a
connection of this kind was about half that in a former
New York-Denver connection and about the same as
that in a former New York-Chicago connection.

Many new developments have been applied to the
transcontinental circuits since the first of these were
placed in service and also to other similar circuits
throughout the country, which have resulted in a
better quality of transmission, including increased
over-all volume efficiency>. Briefly, the outstanding
features of the improved circuits are that they are
non-loaded and that the repeaters and the associated
equipment have improved transmission characteristics.
With the non-loaded circuits, increased speed of propa-
gation and smootherlines are obtained and consequently
they can be operated to give better volume without
increased echo effect. At the same time, transmission
1s further improved due to the better attenuation-
frequency characteristics. Variations in line attenua-
tion with weather conditions also are considerably
reduced.

The transmission improvements in the repeaters
and associated equipment consist chiefly of better
transmission-frequency and impedance-frequency char-
acteristics, which, together with improved balancing
networks, contribute toward better quality of trans-
mission not only from the standpoint of naturalness
but also from that of volume efficiency. Due to the
higher attenuation of non-loaded lines as compared
with loaded lines, a larger number of repeaters is
required on a long non-loaded circuit than on a loaded
circuit of similar length and therefore the importance
of the improvements in the repeaters is correspondingly
greater.

Three telephone circuits were provided by the first
transcontinental facilities, which consisted of four wires

2. Telephone Transmission Over Long Distances, by H. S.
Osborne, Trans. A.I. E. E., Vol. XLII, 1923, p. 984.
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arranged for] phantom operation. The cireuit layout
was planned to provide:(lirect cireuits between strategic
points along the line to facilitate connections to other
trunk routes as well as the handling of the message
traffic between large cities on this route. The longest
direct cirecuit set up was a Chicago-San Francisco
circuit. "There were also direct circuits from New York
to Chicago, Chicago to Denver, Denver to San Fran-
cisco, Denver to Salt Lake City, Salt Lake City to
San Franeisco, ete.

For several years these facilities were sufficient to
handle the long telephone message traffic connecting the
country east of the Rocky Mountains with that to the
west, but by 1923 the increase in traffic requirements
made it advisable to provide additional facilities. After
careful consideration of all factors, it was decided to
provide these partly over the direct route between
Chicago and Denver and thence over a new route to
the south through El Paso and west through Tueson
and Phoenix, Ariz. to Los Angeles. A second route
from Chicago via Kansas City to Denver was already
in existence, so by providing a new route west of Denver,
two separate routes were made available from eastern
points to the Pacific Coast. This was particularly
desirable from the standpoint of service protection, and
furthermore, there was an appreciable volume of traffic
to Los Angeles and surrounding territory for which it
was desirable to provide direct circuits. Toll circuits
were already available between San Francisco and Los
Angeles so that in times of trouble on either the central
or the southern route, the other could be used for con-
nections to both the northern and southern sections
of the Pacific Coast.

Following the construction of the line from Denver to
Los Angeles, the next steps were to provide trunk
routes between New Orleans and Dallas and Dallas
and El Paso which connect to other similar routes at
New Orleans and Dallas, and to the Denver-Los Angeles
route at El Paso. The line across Texas was completed
in 1925 and at the present time transcontinental
telephone connections may be established over an all
southern route.

As a result of further increase in transcontinental
traffic requirements, particularly to points in Wash-
ington and Oregon now reached over the central route
by switching at San Francisco to circuits north along
the coast, there is being constructed a direct northern
route from Chicago through Minneapolis, Fargo, Bis-
marck, Billings, Helena, and Spokane, to Seattle.
When completed, this will provide a third separate
and distinet transcontinental route and will further
insure the continuity of telephone service between the
east and far west.

There are many other important routes throughout
the country carrying ecircuits of the transcontinental
type, as indicated on Fig. 1. Some of the longest direct
circuits radiating from Chicago reach to San Francisco,
Los Angeles, Denver, Dallas, Atlanta, Washington, New

Journaul A. 1. B, [,

York and Boston, while circuits of similar elass radiating
from New York terminate in Minneapolis, Milwaukee,
St. Louis, Kansas City, New Orleans, Atlanta, West
Palm Beach and Havana. Other circuits of corre-
sponding type® connect San Franecisco with Portland,
Salt Lake City, Denver and l.os Angeles, while Ios
Angeles has direct circuits to El Paso and Dallas.

Telephone ecircuits having repeaters at several
intermediate points may be compared to a series of
power transmission lines, each one of which receives
power [rom the originating point or a repeater and de-
livers power to another repeater or to the terminal.
In contrast to power transmission lines, however, the
sections of a repeatered telephone cireuil and the asso-
ciated equipment are designed with the object of causing
power of a complicated nature to be reproduced in form
at a distant point, and the fact that none of the original
power reaches the far terminal is of no concern since
in any event it would be useful only as a means of
transmitting intelligible sounds while it would have no
appreciable value purely from the power standpoint.

While the application of telephone repeaters to
long telephone circuits improves their over-all trans-
mission efficiency, the efficiency from a power trans-
mission standpoint is zero, since none of the original
energy passes through a repeater point. It is fortunate
that the energy losses do not involve large amounts of
power and therefore do not represent an appreciable
economic loss from the power standpoint.

In the early days of the telephone, the only method
of improving the volume efficiency of a telephone line
was to increase the amount of copper; that is, to use
wires of larger diameter. The use of metals of higher
conductivity than copper was clearly prohibitive
because of the cost. But additional increments in
copper result in less and less improvement in efficiency
so that wire larger than 165 mils in diameter was not
used to any important extent.

With the invention and development of the loading
coll and its application to open wire lines, it becamepos-
sible to operate at a higher voltage with a consequent
reduction in line losses. With this method, however,
leakage losses in wet weather are greatly increased,
resulting in considerable variation in efficiency.

The development of efficient amplifying devices and
of circuit arrangements for applying them to two-way
circuits provided the means for Increasing the trans-
mission volume efficiencies of long telephone circuits to
a much greater extent than the older methods. With-
out telephone repeaters but with other parts of a long
telephone circuit unchanged, the delivery at the re-
ceiving end of the amount of power ordinarily obtained
would require startlingly large amounts of power at
other points in the circuit. For example, in the case
of a San Francisco-New York connection, the amount

3. Applications of Long Distance Telephony on the Pacific
Coast, by H. W. Hitcheoek, Traxs. A. 1. E. E., Vol. XLII, 1923,
p-1071.
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of power ordinarily applied at San Francisco would be
required near Harrisburg, Pa. All of the power intro-
duced ordinarily at all points in the line would be
required at a point near Pittsburg. Power sufficient to
light two 20-c. p. incandescent lamps would benecessary
near Chicago, while the power of a five-kw. radio
station would be required near Omaha. The require-
ments continue to rise rapidly until, near Rawlins,
Wyo., a 50,000-kw. generator would have to deliver its
entire rated capacity to the circuit, while at San
Francisco, something in the order of the estimated
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total world production of mechanical and electrical
power would he needed.

Let us suppose, however, that a 50,000-kw. generator
delivered its entire output to the circuit at San Fran-
cisco, and overlook, for the moment, what would happen
to the line if any such amount of energy were applied.
The power received at New York would be of the order
of one five-hundredth of a microwatt, which would have
to flow for about 25,000 years in order to equal the en-
ergy required to light a 25-watt lamp for one minute.

From this it is evident that the economic solution
of the problem of verylong distance telephony does not
lie in the application of large amounts of power at the
circuit terminals, but rather in the use of amplifiers
located at suitable intervals along the line.

NANCE AND JACOBS: TRANSCONTINENTAL TELEPHONY
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In the design of telephone circuits, it is necessary
to consider the three transmission essentials for easy
and natural conversation. These are volume, accurate
reproduction, and freedom from disturbance. The
factors which tend to impair these qualities are attenua-
tion, distortion and noise. In addition, cross-talk
must be so low as to preclude appreciable overhearing
of speech over other circuits.

Fortunately it is not necessary, nor even desirable,
that all of the energy reaching a telephone transmitter
be delivered by the receiver at the other end of the
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circuit, and the characteristics of thehearing mechanism
of the human ear are such that very slight amounts of
distortion and noise do not materially affect the in-
telligibility of received speech energy when the latter
is of reasonable magnitude. In designing long tele-
phone circuits the engineer thus has a small range within
which to work as regards each of the essential factors
for satisfactory transmission.

The attenuation losses in line conductors may be
offset largely by the use of repeaters applied at suitable
points to give transmission gains. The extent to which
such losses can be counteracted in non-loaded open wire
circuits arranged for two-way operation is illustrated
by the present transcontinental circuits between New
York and San Franecisco in which the total attenuation
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is about 165 transmission units! and the total repeater
gain about 153 transmission units.

Distortion results when too narrow a band of fre-
quencies is transmitted, or when the volume of trans-
mission of part of the frequencies within the range
transmitted is materially different from that of another
part of the frequency range. Another form of dis-
tortion occurs when currents which are reflected from
irregularities in a ecircuit are again reflected by other
irregularities and reach the listener as echo currents

T

§ & I
4
i
I =
N TS -

EOUWVALENT-T U

|
i I 1 1
pys K‘r—_ﬁ ! l 4 L ] =T
| T TT 117 . [ 1]
g S IV i i i
o 00 800 /200 600 2000 2400 2800 3200

FREQUENCY

Fig. 2— TRANSMISSION—FREQUENCY CHARACTERISTIC OF
216-M1. REPEATER SECTION OF Non-Loapep 165-M11 Puy SICAL
Circuir

appreciably later than the direct transmission, due to
the longer path traveled.

Distortion caused by a sloping attenuation-frequency
characteristic of a line can be neutralized to a large
extent by designing the telephone repeaters and asso-
ciated equipment to have transmission-frequency
characteristics complementary to those of the line.
As an illustration of this, Fig. 2 shows the attenuation-
frequency characteristic of a typical repeater section
of non-loaded 165-mil open wire, 216 mi. in length,
while Fig. 3 shows the gain-frequency characteristic of

REPEATER AMPLIFICATION ~TU

o a0 800 1200 600 2000 3200
FREQUENCY

F16. 3—AmrLiFicATION—FREQUENCY CHARACTERISTIC OF Li-
PROVED TYPE Two-Way TELEPHONE REPEATER

an improved type of telephone repeater which has been
adjusted for use with the same section of wire. It
will be noted that the attenuation in the line increases
with the frequency and that the repeater gain, which
corresponds to negative attenuation, also increases at
approximately the same rate, so that the result of the
combination of the line and the repeater is a trans-

4. The Transmission Unit and Telephone Transmission
Reference Systems, by W. H. Martin, Trans. A. I. E. E., Vol.
XLIII, 1924, p. 797.

Journnl A, Y. 1§, W,

mission-frequency characteristic that is substantially
flat. The over-all transmission-frequency characteris-
tic of a long circuit composed of several repeater sections
is shown in I'ig. 4, which indieates that practically
uniform transmission is obtained over the range of
frequencies important in speech.

In long repeatered telephone circuits, the time of
transmission from one end to the other becomes an
important factor in determining the transmission
volume efliciency since the seriousness of echo current
eflfects not only is a function of their magnitude com-
pared to the original transmission but also is a function
of the amount of delay involved. For this reason
the speed of transmission over long telephone circuits
must be high as compared with that overshorter circuits,
and the line must he reasonably free from irregularities
that would give rise to echo currents. Also, throughout
the range of frequencies transmitted, the line impedance
must be closely matched by the balancing network on
each side of each repeater. Loaded circuits are in-
ferior te non-loaded circuits with respect to speed of
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transmission and smoothness of impedance-frequency
characteristics. From this, it follows that the volume
of transmission obtainable with loaded facilities is less
than that obtainable with non-loaded facilities of the
same length, when tandem repeater operation is
involved.

Noise and cross-talk are reduced by transposing the
wires at frequent intervals throughout the length of the
line so that each wire of a circuit will be as nearly as
practicable equally exposed to the disturbing influences
which exist, at the same time carefully preserving the
balance between the impedances to ground of the wires
and associated equipment of each circuits. The in-
tensity of the extraneous influences of course should
be controlled and kept within reasonable bounds.
In designing the transposition layout, it is necessary
to take into consideration the effect of each circuit
on the line upon each of theother circuits, including the
phantom circuits, as well as the effect of neighboring

5. Telephone Circuit Unbalances, Determination of Magni-
tude and Location, Ferris and MeCurdy, Trans. A. 1. 15, E. Vol.
XLIII, 1924, p. 1331. '
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power lines. A single series of transpositions which
results in substantially equal exposures of each circuit
to every other circuit on the line is called a transposition
section. In general, one or more sections of this kind
are required for each part of the line that is exposed
to different outside influences. The phantom trans-
positions involve interchanging the positions of the
two pairs from which the phantom circuit is derived.

Fig. 5 shows the power at different points in a New
York-San Francisco connection, when an arbitrarily
assumed power of 1000 microwatts is applied to the
line at San Francisco. It will be seen that the power
is attenuated at the inputs of many of the repeaters to
a value which is of about the same order as that which
reaches the New York end. Therefore, any noise
induced in the circuit at such points may be as strong
when it reaches a terminal of the circuit as it is at the
points where it originates. In some places, the trans-
mission level is even lower than at New York, as at
Beaver Dam; so that noise introduced at such points
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may reach New York at greater than its original
strength. Thus it is evident that from the noise stand-
point, the relative transmission levels at a disturbed
point and at the terminals are of particular importance
rather than the distances from the disturbed point to
the terminals.

Besides providing voice-frequency telephone chan-
nels, the open wires composing the network of “‘back-
bone” telephone circuits are being used to a large
extent for superimposed carrier-current systems¢ as well
as for providing ordinary grounded telegraph facilities.
An example of this is covered by Fig. 6, which shows,
schematically, the various communication channels
obtained from four wires of a group of transcontinental
facilities between Denver and Sacramento. Altogether,

6. Carrier-Current Telephony and Telegraphy, by E. H. Col-

pitts and O. B. Blackwell, Trans. A. I. E. E., Vol. XL, 1921,
p. 205.

NANCE AND JACOBS: TRANSCONTINENTAL TELEPHONY

1065

there are twenty two-way communication channels
operating on these two pairs of conductors, six tele-
phone circuits and fourteen telegraph circuits. A
telephone circuit is obtained from each of the two pairs
of wires, and a third from the combination of these
“side circuits,” to form a phantom ecircuit. The other
three telephone circuits are obtained from a carrier-
current telephone system superimposed on one of the
pairs of wires.

Fig. 6—-Couvunication CuaxzxerLs oN Four WIRES OF
Grour oF TRANSCONTINENTAL FaciuiTies BETweeN DENVER
AND SACRAMENTO

Ten of the telegraph circuits are obtained from a
carrier-current telegraph system superimposed on the
other pair of wires, and the other four telegraph circuits
aredirect current channels derived by ordinary com-
positing arrangements.

In some cases, a similar group of four wires may have
a second carrier telephone system superimposed in
place of the carrier telegraph system, while in other

1ses, a second carrier telegraph system is used in place
of the carrier telephone system, according to the re-
quirements for these types of facilities.

" TFig. 7 shows the bands of frequencies used at present
for communication purposes on typical long open wire

Camers Tig it

Fic. 7—FREQUENCY ALLocaTIONS ON TyPicaL TRANSCONTI-
NENTAL FACILITIES
circuits. The lowest, from zero to about 80 cycles, 1s

employed for the d-c. telegraph. Each telegraph
circuit employs a single wire with ground return, so
that two are obtained from each pair of wires.

The voice frequencies occupy the next higher band
of frequencies, extending to about 3000 cycles. Some
circuits of this type are made efficient at frequencies as
low as 135 cycles to permit the employment of a current
of this frequency for signaling purposes.




1060 NANCE AND JACOBS: TRANSCONTIN|

Above the voice range, each pair of wires may be
arranged for superimposed carrier-current operation,
either telegraph or telephone. The former utilizes
frequencies as high as 10,000 cycles ; the latter, as high
as 28,000 eycles.

The general use of large wire and long repeater spac-
ings is advantageous in the case of very long cireyits,
since this results in a smaller numker of repeaters, and,
In the case of voice frequency circuits, the lesser numker
of echo current paths permits somewhat better over-all
volume efficiencies to be obtained. Carrier systems
involve, at the terminals, largeinvestmentsin apparatus
for converting the vojce frequencies or telegraph signals,
as the case may be, to carrier frequencies, and vice
versa. Thus, in general, the longer the distance to
be spanned, the lower is the cost of the carrier cirecuits
per mile. The longer or “back-bone” circuits are
usually of 165-mil diameter copper, with repeaters
spaced from about 200 to 300 mi. apart, and, con-
sequently, carrier systems have been applied to these
much more extensively than to wires of smaller gage.
In a few of these circuits, however, 128-mil or even
104-mil wire is used through some sections where
repeater spacings and other conditions are favorable.

In carrier-current telephone systems, the frequency
employed for carrier purposes is modulated by the voice
currents, and one of the resulting bands of frequencies
is filtered out from the others and transmitted over the
line. At the terminals of the systems, the various
bands are separated from each other and from the voice-
frequency channels by properly designed filters. In
the latest systems, six bands of carrier frequencies are
utilized, the lower three for transmission in one direction
and the other three for transmission in the opposite
direction, these being combined at the terminals to
form three two-way circuits. The use of separate
channels for the two directions of transmission of each
circuit permits the use of one-way amplifiers the
gains of which are not limited by balance conditions.
At repeater points, the lower bands are kept separate
from the upper ones by filters, and each one-way re-
peater amplifies three carrier channels simultaneously.

In the carrier telegraph system, the fundamental
carrier frequencies are under the control of telegraph
relays and are applied to the line as spurts of high
frequency currents. For a ten-channel system twenty
different frequencies are employed, the lower ten for
transmission in one direction and the upper ten for
transmission in the opposite direction. As in the
case of the carrier telephone systems previously men-
tioned, the group of frequencies transmitted in one
direction is kept separate from the opposite bound
group at repeater points by means of filters and an
entire one-way group of frequencies is amplified by a
similar method.

It is necessary, of course, to convert the received
carrier telephone or telegraph currents to voice fre-
quencies or d-c. telegraph signals, as the case may be.

TAL TELEPHONY Jonraal A, 1, &, B,
In the cuse of the earrier telegraph system the signal
are reluyed in the fortn of ordinary direct-current
telegraph mmpulses 8o that such circuits may be con.
nected to telegruph circuits of other types as desired.

The application of carrier system employing fre-
quencies as high as 28,000 cycles has brought with it
specially difticult problems from the standpoint of
cross-talk.  With these high frequencies, the transposi-
tion spacing requirements become quite stringent
and the number of points at which transpositions are
necessary is greatly increased. In addition, in toll
entrance and intermediate cables, it is necessary
usually to arrange the conductors in such a way that
those used for carrier systems will not Le ad)acent to
each other.

Frequent reference has been made to telephone
repeaters’ and repeater gains. The amplifying element
of a telephone repeater, the vacuum tube, is essentially
a one-way device, and for two-way operation it is
necessary that the output of the element be prevented
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from getting back to the input side and thus setting up
continuous oscillations known as singing or howling.
This is accomplished by the use of two amplifying
elements, each with its input connected at a neutral
point in the output circuit of the other. The neutral
point is obtained in a manner very similar to that em-
ployed in duplex telegraphy by dividing the output
of each vacuum tube between the line and an artificial
line having similar characteristies so that the electrical
center of the output circuit remains at a constant
potential unaffected by the changing currents in the
output circuit itself.

Fig. 8 shows the equipment at an intermediate
repeater point on one pair of wires of the type used for
transcontinental service. The voice-frequency tele-
phone repeater is shown connected to the line in the
two directions. Each line, with its associated terminal
equipment, is balanced by an artificial line with associ-
ated balancing equipment. The hybrid coil located

7. Teli) hone Repcaters, by B. Gherardi and F. B. Jewett,
Trans. A.LLE. E. Vol. XXXVIIL, Part 11, 1919, p. 1287,
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in the electrical center between the line and artificial
line is the means by which the transmission in the two
directions is separated. Currents amplified by the
upper one-way element pass through the so called
third winding of the hybrid coil and set up voltages n
the line windings. These voltages are of exactly the
same magnitude on both sides of the electrical center
of the coil and cause equal currents to flow in the
line and artificial lines if their impedances balance
each other perfectly. In practise, it is impracticable to
obtain an exact balance due to the presence of un-
avoidable irregularities in the line and its associated
equipment, the effect of which is to reflect energy which
reaches the other amplifier. For successful operation,
however, the average of the two transmission losses
represented by the ratio between the reflected energy
and the applied energy on each side of the repeater,
must be substantially greater than the average
of the transmission gains of the two amplifying
elements.

The line repeating coil is shown in the figure with
the mid-point of the line side indicated as the phantom
circuit tap. The composite set is essentially a filter
which allows the voice currents to pass between the
line and the telephone repeater, while direct currents
and the low frequency alternating currents involved
in d-c. telegraph operation pass between the line and the
telegraph repeaters. It will be noted that the tele-
graph repeaters, also, are arranged for two-way
operation involving the employment of balancing
networks.

The currents of carrier frequencies are prevented by
a filter from reaching the low-frequency equipment but
are transmitted easily through a high-frequency path
in the filter to the carrier repeater. In the latter, for
separating the two directions of transmission, advantage
is taken of the fact that the currents in the twodirections
are of different frequencies so that directional filters
can be used to separate them. The repeaters amplify
the threeone-way channels of a carrier telephone system
or the ten one-way channels of a carrier telegraph
system simultaneously. In order to avoid interaction
or modulation between the various channels, it is essen-
tial that the relatign between the output current and the
input voltage of the vacuum tubes be a straight line
function over the energy range employed in the carrier
system.

Signal currents, also, must be relaved or amplified
on long telephone circuits, just as voice and carrier fre-
quencies are. On some short toll circuits, a signaling
current of about 20-cycle frequency is used, the same
as that for ringing the bells of subscribers’ telephones.
On circuits arranged for d-c. telegraph operation, it
is Impracticable to employ such a low frequency; it
is necessary to use a frequency that will be transmitted
satisfactorily by the circuit. In actual operation, the
signaling channels at the ends of the ecircuits are
arranged usually for 20-cycle operation by means
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of relays which automatically apply higher frequency
signaling currents and receive the incoming signals.

The signaling frequency commonly used on toll
cireuits of medium length is 135 cycles. With this
system, the signals are relayed at least at every other
voice-frequency repeater point since the attenuation
loss at 135 cycles is greater than that over the main
voice-frequency range. In very long circuits, this
results in the necessity for operating a train of relays
at successive points, which delays the transmission
of the signals. To overcome signaling difficulties
on such circuits, a system of ringing, employing 1000-
cycle currents which are transmitted from end to end
of the circuit with the same efficiency as speech currents
of that frequency, has been developed and applied.
The signaling currents are supplied from a suitable
source and are controlled by 20-cycle relays at the ter-
minals. At the receiving end, circuits tuned to the
signaling frequency are employed to amplify and con-
vert the signals to currents which operate relays.
Interference from speech currents is avoided by inter-
rupting the signaling current at the sending end about
twenty times per second, while at the receiving end,
the signals pass through a circuit tuned to 20 cycles.

At some points in a long telephone circuit, it is
necessary to employ cable, as when passing through
a large city. Because of this greater capacity between
wires, cable circuits cause much greater attenuation
per unit of length than open wire circuits, especially
at carrier frequencies. In order to improve the effi-
ciency of the cable circuits they are loaded by means of
inductances placgd at intervals along the -circuit.
The inductances and spaeing are so chosen as to
cause the characteristic impedances of the cable
circuits to approximate closely those of the open wire
circuits over the range of frequencies transmitted.

Circuits of transcontinental type are used often for
special services such as for the transmission of program
material to broadecasting stations® or to points where
such material is desired in connection with a public
address system. As this is essentially a one-way
service and the-programs usually include musie, for
which the best results are obtained by using a wider
range of frequencies than ordinarily is employed for
commercial telephone communication, the two-way
repeaters in the line are replaced by one-way repeaters
and associated equipment for amplifying the currents
and equalizing the transmission throughout the wider
range of frequencies. Programs are transmitted daily
in this manner to a number of broadcasting stations in
the eastern half of the country.

Typical of the larger networks that have been set
up is that for the inauguration of President Coolidge.
Fig. 9 shows the layout arranged for that purpose, which
effectively covered the entire country.

8. High Quality Transmission and Reproduclion of Speech
and Music, by W. H. Martin and H. Fletcher, Trans. A.I. E. E.,
Vol. XLIII, 1924, p. 384.
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On oceasions, a speaker in one city addresses a
meeting in a distant city, the loud speakers at the
receiving end being connected to the transmitting tele-
phone by wire. In some cases, such speeches also are
broadcast from one or more radio broadeasting stations.

Another use made of transcontinental type facilities
1s the transmission of pictures or facsimiles of printed
or written matter, fingerprints and similar material.
The frequencies employed for this purpose are within
the voice range and the currents are transmitted in the
same way as voice currents. Special apparatus is re-
quired, of course, at the transmitting and receiving
ends.

The continuity of the many important services routed
over the facilities used in making up these long circuits
is dependent upon continuous and efficient maintenance
methods and performance. Coordination of the work

NANCE AND JACOBS: TRANSCONTINENTAL TELEPHONY
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including a complete description of the types of equip-
ment and transmission data, are prepared and furnished
to the terminal offices and intermediate repeater
stations. These records are made on cards of conve-
nient size as illustrated by Table I, which is reproduced
from one of three cards containing the data for a
Chicago-San Francisco cireuit.

To insure satisfactory over-all transmission and proper
functioning of the circuit, various tests and inspections
are made at frequent intervals®. Some of the more
important maintenance tests are as follows: insulation
resistance, loop resistance and resistance balance of the
line conductors; measurement of the gain-frequency
characteristic as well as the gain at 1000 cycles, and tube
tests on all repeaters to detect changes in amplification
due to possible changes in the characteristics of the
vacuum tubes or repeater equipment; balance tests at
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ABLE FOR THE INAUGURATION OF PRESIDENT COOLIDGE

of the!different offices is most essential in order to obtain
best results especially on the longer direct circuits
and on those built up by connecting together several
circuits, as there are many variable factors. To
assist in obtaining this coordination, one of the terminal
offices of each circuit is designated as the controlling
office for that circuit and is responsible for the direction
and supervision of tests and adjustments require_zd on
the circuit as a whole. In addition to the duties in
connection with the maintenance of the complete
circuit, each office along the circuit is responsib.le fpr
the proper physical maintenance. of the plant in its
territory. To assist in this maintenance work, ac-
curate records of the circuit make-up from end to end,

each repeater station to check the degree of balance
between the line circuit and its balancing network;
noise and cross-talk measurements; 1000-cycle trans-
mission measurements and transmission-frequency
measurements on the over-all circuit to insure that the
circuit equivalent is maintained within proper limits;
and finally, over all talking and si gnaling tests.

In making many of the measurements, it is necessary
to remove the circuit from service. This would result
In considerable lost circuit time if each of the stations
made the measurements and tests independently. In
order to minimize this lost circuit time, it has been found

9. Practises in Telephone Transmission Work, by W. H.
Harden, Trans. A. I. E. E., Vol. XLIII, 1924, p. 1320.
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TABLE 1.
TOLL-CIRCUIT LAYOUT RECORD
- . O E-552
Gircuit No. 2 Chicago (E) $an Francisco (W) o B _
...................... | Equiv.inTU | Eto W | WtoE | Circuit order 5785 Item 42
................................. : ‘ | ° i SR e
y Meas. Noise Req. i
S?Y;I:;OIC‘hicazo At Chicago Class......... I Rat‘g...... Meas. L 11 | Card issue No. 1 Date 5-22-26
== ) o - |_ | Toll line equipment | |
—|- - ——
| | | For ] | Loss
| Cable or Pair or pin Size of| Load- | On For | other | CX | ) o (Columns)
From To line numbers | wire | ing ILengt;h Equiv.| side SX use I Ringer | Misc. | (9 to 1"1)
1 ‘ 2 | 3 s+ | 5 6 7 8 9 10 11 12 13 14 15
C Chicago I | I _ A | | | 3A | g §
D Morl Park Chg-MP CA 5| 151 19 H—44 | 7.6 3.6 15 \ | | o 7
E Morl Park l MH 28 West TE CA 1 13 | N' 2.2 151 75 A TS | KX 1.1
F P 128 P 328 | Clhg-Omaha 9-10 165 | D 3.8 0.1
G P 328 P 7415 “ v 9-10 165 N 166.3 5.5
HP 7415 | P 7445 «“ “ 9-10 | 165 N 0.7 _0 0
J P 7445 Davenpt | Aer Cable 9 13 | N 0.1 0.0
K Davenpt | P 7415 “« 5 13 | N 0.1 0.0
L P 7445 P 7557 Chg-Omaha 35—-36 165 N 2.1 0.1
M P 7557 | P77a1 I ™ 25-26 | 165 | N 45| 01
N P 12976 P 9047 | Stl-Davpt 5-6 165 N 83 .4 2.8 _ o
P P 9047 Burlington Acr Cable 5 10 | N 05| 0.2 15 A TS I\_)\: 1.1
Q Burlington | P 9047 “ “ 15 13 N 1.0 0.5 75 A TS KX 1.1
R P 9047 P 7930 Stl-Davpt 15—-16 165 N 29 .5 10 |
S | Total | Total |
- Telephone Repeater Data | |CA. &
| - S U — — Mileage [O.W.|O. W
l l Toward W Toward E _—
=~ — = L ~ This 2002.3/2021.2
Gain or Singing point Gain or Singing point | Misc. | company .
\ | | CC step CC step : Other | |
| Net —!| Ring- | Ring- Net company | 644.3
Office i Type | Imp. | Req. | Meas. | Req. | Mcas.! ing ing Req. | Meas. Req. | Meas. —
16 | 17 i 18 | 19 20 21 22 23 24 25 26 27 28 29 30 31 Total 2665.5
T Chicago C [N 3 13 P 24 Net Equivalent
U Morl Pk 2AC N 7.1 17T E 24 7.1 13 P 14 — — _—
V Burlington [21P | N | 12 17 F 24 12 17 F 24 Four-wire section
W KansCy. (21 P N 12 17 F 24 12 17 F 24 Two-wire section
7 Newtn. 21 p N 12 17 E 24 12 17 F 24 Carrier section

desirable in the case of long telephone circuits to set
aside a definite time for making the periodic tests and to
coordinate the work of making the tests under the
direction of the controling office. This testing routine
has been perfected to such an extent that the circuit
need not be kept out of service for more than a few
minutes even in the case of the longest circuits.

The measurements of line resistance, insulation
resistance, and resistance balance are made by means of
Wheatstone Bridge arrangements in the testboards
located at each repeater station and sometimes at inter-
mediate points in a long repeater section. The ampli-
fication, or gain, given by each repeater is measured by
means of a visual reading instrument of the vacuum
tube type located at each repeater station. Balance
between the line and network circuits in each direction
at the various repeater stations is roughly checked
by means of the repeater itself. This is done by dis-
connecting the line and network from one side of the
repeater and connecting the two amplifying elements
of the repeater in tandem, then increasing the amplifi-
cation until the repeater circuit begins to oscillate.
The sum of the calibrated gains of the two sides of the
repeater is a rough measure of the degree of balance
existing between the line and network circuits connected
to the repeater. Measurements of the over-all equiva-
lent of a circuit are made from the terminal offices by

means of transmission measuring sets!® provided with
variable frequency oscillators.

The long telephone circuits in the United States
form a network by means of which many important
points are connected directly to each other, while
practically all large centers may be connected by a
very few switches which rarely involve more than three
such links. Economic use is made of the wires by the
large number of telephone and telegraph channels super-
imposed on the voice-frequency circuits. The plant
composing this network extends over the entire country
and close coordination is essential to insure the best
results both from the technical and the economie
standpoints.

Main arteries of communication have been es-
tablished in this way which bring the widely separated
parts of the country into close touch with one another
and the network is being augmented and extended to
meet the growth in the traffic as it occurs. These
arteries are being developed so that continuous service
can be given by means of the protection afforded by
alternate routes, and they are well maintained to give
efficient service under all the varying conditions
encountered.

10. Methods for Maintaining the Transmission Efiiciency of
Telephone Circuits, by F. H. Best, Trans. A. L. E. E., Vol. XLIII,
1924, p. 423.




Abridgment of
Surface Heat Transfer in Electric Machines with
Forced Air Flow

BY G. E. LUKE*

Associate, A. I. E. E.

Synopsis.—Since the insulation of windings in electric machines
has comparatively low temperalure limits, the problem of cooling
these machines with the most economical use of material becomes
one of major importance. The design of such machines Jrom a
lemperature standpoinl is usually based on {ests of a previously
made similar machine or else is of the cul-and-1ry” type where
such tests are not available.

The predelermination of the operaling temperature depends

INTRODUCTION

HE main factor that limits the capacity of electric

machines is the temperature of the windings. This

temperature limit is comparatively low, ranging
from approximately 100 deg. cent. to 150 deg. cent.,
depending upon the class of insulation and the type of
machine. Air is used as a cooling medium in the great
majority of rotating machines. The heat resulting
from the iron and copper losses of the machine is
conducted to the ventilating surfaces where it is
transferred to the moving air. To conduct this heat
through the solid material and to transfer it from a
surface to a fluid requires a temperature gradient.
Such a flow is shown on Fig. 1 with a radial duct.
From the standpoint of heat transfer from a surface,
air is one of the poorest of fluids. From 20 to 75 per
cent of the temperature rise in rotating machines is due
to the gradient necessary to transfer the heat from the
surface to the ventilating air. This factor is therefore
of considerable importance in the design of an econom-
1cal machine.

Considerable data in the past have been published
concerning heat liberated from surfaces with natural
convection currents, but it has been just recently that
data applicable to electrical machines with forced air
flow have been available. To obtain information re-
garding the rate at which heat is dissipated with high
velocity air flow is difficult since it will depend upon
the particular conditions of air flow as well as the mean
velocity. Experimental results published by various
workers do not agree, therefore, in many cases. The
purpose of this paper is to discuss some of the available
tests and to submit new tests covering conditions of air
flow such as are found in electric machines. The new
data presented also will correlate some of the work
which offhand seemed to be inconsistent.

*Research Department, Westinghouse Electric and Manu-
facturing Co.

Presented at the Annual Convention of the A. I. E. E., While
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available upon request.

a greal deal upon the rale al which the heal losses can be liberaled
from the ventilating surface lo some cooling fluid such as air,
which is considered in this paper. Some dala are available regard-
tng this rale of heat dissipation with forced air conveclion currents;
a comparison of the vartous results published, however, shows Lthem
to be tnconsistent.  The purpose of this paper is lo submat addilional
informulion Lhat should be of value lo the industry and that will
also explain some of the inconsistencies in the past lests.

COMPARISON OF PUBLISHED DATA

Throughout this paper the coefficient of surface heat
transfer will be symbolized (K,) or W/sq. in./deg.
cent., which means watts transferred per square inch of
ventilating surface per deg. cent. difference between
the surface and mean air temperature flowing in the
duct. Thus, in Fig. 1, (K,) for the particular air flow
would depend not upon the minimum air temperature
nor upon the mean temperature as given by the curve
but upon the integrated mean temperature taking into
account the total mass flow. This is the only practical
way of defining (K,) since in any ventilating duct the
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Fie. 1—TEMPERATURE GraADIENT DUE To HEsT FLOW TO
AIR STREAM IN Rapiar Duer

air temperatures and velocities vary greatly at any
particular point.

This coefficient of surface heat transfer is often called
“rate of surface heat flow”’, “dissipation constant’’ and
erroneously, “the emissivity constant’’. It may also be
expressed in other units; the relation of some of these is
approximately as follows:

1 B. t. u. per sq. ft. per deg. fahr. per hr. = 0.00366

watts per sq. in. per deg. cent.

1 Calorie per sq. em. per deg. cent. per sec. = 27.0

watts per sq. in. per deg. cent.

1 Kilo-calorie per sq. m. per deg. cent. per hr. =

0.00075 watts per sq. in. per deg. cent.
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1 watt per sq. cm. per deg. cent. = 6.45 watts per
sq. in. per deg. cent.

A few of the experimental results published by Nusselt,!
Dicksee,? Rice,? and the writer,* giving the rate of sur-
face heat transfer for various air velocities, are plotted
on Fig. 2. In all of these tests the air velocity referred
to is the mean velocity in ft. per min. obtained by
dividing the weight of air, in pounds, passing through
the duct by the cross-sectional area of the duct in
square feet, and by the weight of air in pounds per cubic
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Fic. 2—Surrace HEesT TraxsFER CONSTANT AGAINST
AVERAGE AIr VELOCITY FOR VARIOUS DUcTs OF ATMOSPHERIC
PRESSURE

Curve Author Type

1 Luke! Smooth circular 1% in. Dia. 36 in. long.

2 Luke! Rough circular 14 in. Dia. 36 in. long.

3 Nusselt? Smooth circular 0.866 in. dia.

4 Lulke! Smooth concentric 25 in. by 26 in. dia. 36 in. long.
5 Dicksee? Smooth concentric 3 in. by 53z in. dia. 7 in. long.
6  Rice’ Rough concentric 1.1 in. by 2 in. dia., 5.86 in. long.

feet (0.074). This factor (0.074) is the weight of dry
air in pounds per cubic foot at 25 deg. cent. and at-
mospheric pressure of 29.92 inches of mercury. Thus
the weight of air flowing will be proportional to the
velocity factor.

Curves 1, 2, and 4, given by the writer,* were with air
flowing through ducts such as are found in electric
machines and are called axial ducts. Curve 1 applies
to a smooth brass tube 114 in. in diameter and 36 in.
long, with air flowing through it. Curve 2 is for a
duct similar to Curve 1 except that the surfaces are
rough, since the tube was made by stacking washers
of 0.017 in. varnished iron with a 114 in. inside di-
ameter. Since the punching and stacking varied
a few thousandths of an inch, the inside bore was com-
paratively rough. This increased the coefficient of

1, 2, 3, and 4. See Bibliography,
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friction (f) at least 50 per cent and the heat transfer
(K,) from 20 to 30 per cent. Curve 1 provides a
reasonably close check on the data given by Nusselt
(Curve 3) which were obtained by using a smooth
0.866-in. diameter tube. Jordan® also gives the results
of surface heat transfer constants (K,) with air flow
through smooth tubes which are slightly below Curve 1.

Curves 4, 5, and 6 were obtained with the air flowing
axially between two concentric cylinders. In the tests
made by the writer the cylinders were 25 and 26 inches
in diameter and 36 inches long. Due to the radiation
loss the values are slightly greater than those indicated
by Curve 1. This radiation loss is present in Curves
4, 5, and 6, since the heated surface was the outer
surface of the inner cylinder. This radiation loss is
approximately 0.003 to 0.005 W /sq. in./deg. cent. and
will be independent of the air velocity. Curve 5 by
Dicksee? was obtained with a much smaller heater
cylinder upon which were soldered various numbers of
radial copper fins with surfaces parallel to the air flow.
The values of the heat liberated are about twice those
given for Curve 1. Curve 6 by Rice® was plotted in
terms of mean velocity instead of maximum velocity
by using the mean velocity ratio of 0.85. The values of
heat transfer are comparatively large, being about five
times as great as those of Curve 1 and about 214 times
as great as those of Curve 5.

From past experience in the cooling of electric ma-
chines with free convection currents, values of heat
transfer from the ventilating surfaces have been ob-
tained that are considerably greater than those given by
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Curves 1 to 4. The writer has never obtained such
high values, however, as those given by Curve 6 and
hence additional tests were planned and executed for
the purpose of giving more information concerning
the wvariation of this cooling constant (K,) as in-
fluenced by varied air flow conditions.

EXPERIMENTAL

1. Awr Flow Between Two Parallel Flat Plaotes.
Electric machines are cooled more by radial ventilating
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ducts in the iron core than by any other method. These
ducts range in width from ! 11n.to 1in., 85 in. being the
more common figure. The air flow through them is
very turbulent, due not only to the ventilating spacers
or fingers and the coils but also to the changing cross-
section for air flow. On large bore machines the
change in air velocity due to the radial flow may not be
great. The first test made was to imitate such condi-
tions where a minimum rate of heat transfer is to be
expected.

A sketch of the apparatus is shown on Fig. 3. The
air was supplied by a centrifugal fan driven by an
adjustablespeed, d-c.shuntmotor. Thisfan discharged
into an expansion chamber. The air then passed
through the ventilating duct formed by two hot
plates 8 in. wide by 22 in. long, separated a definite
distance by proper spacers. The hot discharge air
then passed through an outlet duct where its average
temperature was measured.

In all tests on heat transfer with forced air flow the
accuracy of the data depends upon the true mean air
velocity or volume. This volume may be obtained by
using the pilot tube, anemometer, orifice meter, and
other similar methods, but in many tests of this nature
the writer has obtained the best and most accurate
results by using the specific heat method. The volume
was obtained after thermal equilibrium had been
reached from the watts input to the air and the re-
sulting air temperature rise. The watts absorbed by
the air equals the total watts input minus the stray
loss as given by the calibration curve corresponding to
that particular heater temperature. The temperature
rise of the air was obtained by five thermocouples with
the hot and cold junction distributed in the outlet and
inlet air respectively. The accuracy of this method
depended upon obtaining the true temperature rise,
which necessitated a thorough mixing of the hot air.
This 1s accomplished best as shown by allowing the air
to expand on discharge with a baffle placed in the
direct path of the high velocity air, forcing the air to
change its path. This scheme functioned successfully
as shown by temperature traverses of the air with
a single couple. The equation used was

1.765 W,
V = 0.
where
V= cubic feet of air per minute (25 deg. cent.
temperature)
W. = wattsabsorbed by the air
0., = resulting air temperature rise deg. cent.
The average air velocity (v) through the duct, then,
1s
v
0= T
where

v = average air velocity in feet per minute, and

A = cross-sectional area ol duet in sq. ft.

The rate of heat Joss (K,) from the surface for any

given veloeity was determined from the equation

W

K
S (0 ’; )

where

K, surface heat transfer constant in W /sq. in/deg.

cent.,
W, = watts dissipated to ventilating air,
S ventilating surface of duct in sq. in.,
0,

average surface temperature rise ol duct above

intake air deg. cent., and
0. temperature rise of the outlet air deg. cent.

A stray heat loss curve for each spacing was obtained
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Fic. 5—Cunrves ror FLAT PARALLEL PLATE Duct

Size duct 8 by 22 in.

Curve No. 1; (for !-in. spacing)
Curve No. 2; (for '4-in. spacing).
Curve No. 3; (for %-in. spacing).
Curve No. 4; (for 1-in. spacing.)

which gave the watts stray loss for any average plate
temperature. This was made by completely closing
the ends of the duct so as to minimize loss by convection.
The heater input, then, when steady conditions had been
reached, was the stray loss flowing through the heat
insulation. With forced convection the duct was given
a definite spacing and air at a constant velocity was
forced through. The current through the heaters was
adjusted until an average plate temperature of about
80 deg. cent. was reached. When the temperatures be-
came stable all thermocouples and heat inputs were
measured. Direct current was used as the heater
supply. The voltage dropped across the heater,
across a fixed resistance in series with the heater, and
the potentials given by the couples were all measured
with a Leeds & Northrup type K potentiometer. In
this manner tests at various velocities were made for

Jouwrnal A. 1. It K.
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14-in., Y%-in., 34-in., and 1-in. spacings, and (K,) was
calculated as previously shown.

The results of these tests are shown on Fig. 5. These
curves show a slight decrease in (K,) with increasing
duct spacing. The values of the constant are not
materially different from those of Curve 2 in Fig. 2.

In air blast transformers similar ducts between pan-
cake coils are used, the coils being separated by the so
called “wavy” fiber spacers. Such spacers will increase
the turbulency of the air flow and should increase (K.,).
Results obtained with a 34 in.-width duct by the use of
these spacers are shown on Fig. 6. The air velocity was
calculated from the minimum cross-sectional area be-
tween spacers (0.375 in. by 1.25 in.), and the surface
was taken as the product of the minimum clear dis-
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Curve No. 1
3/8-in. duct with 3/8-in. wavy spacers
Curve No. 2
3/8-in. duct without wavy spacers

tance between spacers times the straight line length of
the duct (1.25 in. by 22 in.). This heat loss coefficient
1s 40 or 50 per cent greater than that found in the duct
without wavy spacers. The coefficient of friction (f)
was about 100 per cent greater than that for the duct
without spacers. Curve 1, Fig. 6, shows that the tur-
bulency of air flow was practically the same as that in
Curve 5 of Fig. 2.

2. Auwr Flow wn Radial Duct. The above described
tests were on ducts of constant cross-section. In
radial ducts, however, the cross-section is changing from
point to point along the air path due to the resulting
change in the diameter of the duct. In practise, also,
such ducts will contain irregular spacers (ventilating
fingers) and will be traversed by the conductors. All
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of these factors will tend to produce very turbulent
air flow which should result in a high rate of heat loss.

A sketch showing the cross-section of the apparatus is
given on Fig. 7. The duct proper was formed by sep-
arating two parallel hot plate disks. These plates were
24 in. in outside diameter and 10 in. in inside diameter.
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They were made of resistance wire wound uniformly
on one side of a 14-in. plate; mica was used as insulation
with shellac as the binding cement. The heater and
plate were likewise cemented to a 1-in. soapstone slab
which acted as a heat insulator and also gave rigidity
to the heater plate. Two such plates, properly spaced,
were enclosed in a wooden box which acted as an air
chamber. Ports were provided for attachment to
the fan and discharge duct.

The heat loss constant (K,) was calculated as before,
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the average velocity based upon the cross section in the

middle of the duct and hence corresponds to the section
where the duct diameter is (24 + 10)/2 or 17 in.

). The air velocity used in the curves is
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When ventilating fingers were used the surface of the
fingers was also included.

The results of tests with diverging flow through the
unobstructed radial duet are shown on Fig. 8. The
heat loss constant at a definite veloeity is greater for the
1-in. ducts than for the 14-in. duect which is the reverse
of the case given on Fig. 5. The values are also much
higher due to greater turbulency of air flow. These
g M0 T T Colve for 1
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values are of the same approximate value as that repre-
sented by Curve 5, Fig. 2. The curve of the 34 in. or 14
in. duct, Fig. 8, seems to be out of place. The values
given, however, were rechecked several times.

When ventilating fingers and conductors are placed in
the duct the curves are as shown on Fig. 9. Since the
surfaces of the spacers are also included, the results
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show that they are almost as effective as the duct
surface.

‘Many machines are now ventilated with air flow
erially inward (converging flow) through a portion of
the ducts. The results of such a flow are shown on
Fig. 10. It should be noted that the values obtained
are lower than those obtained with diverging flow;
CurveS:Z, particularly, is materially lower than the
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similar curve on Iig. 8 This fact is to he expected
sinee it is known that diverging air flow will be more
irregular or turbulent than converging flow with the
same axial change in cross-section. Thus the tur-
bulence obtained with Curve 2, Fig. 10, is about the
same as that found in Fig. 6 with a constant cross
section since the rate of heat loss is about the same.

3. Aw Flow between Two Concentric Cylinders.
Mr. C. B. Dicksee,> working in this laboratory, in-
vestigated the heat loss from an air cooled gasoline
engine cylinder with numerous fins attached. Curve 5,
Fig. 2, gives the average results of these tests on a
cylinder with 5 to 40 axial metal fins attached. These
fins extended to the outer cylinder. The heat loss
constant (K,) was independent of the number of fins
used. At the time these tests were made the value of
(K,) was considered high and no reason could be sug-
gested why the heat loss should be any greater than,
let us say, Curve 2.

The writer at that time had tests made with the
smooth cylinder without fins as shown on Fig. 11.
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This test equipment was the same as used in the above
test. The cylinder was supported as shown, with a
square orifice air intake. The average temperature
of the inner cylinder was obtained with thermocouples
as before; (K,) was caleulated as it had been done
previously and the air velocity was caleulated from the
cross-sectional area of the duct.

Curve 2, Fig. 12, gives the results of these tests.
The values of (K,) are a little greater than those ob-
tained on the finned cylinder, Curve 1. In comparing
this Curve 2, Fig. 12, with Curve 4, Fig. 2, a great
difference is observed, although the types of air flow
system are about the same; the main difference is the
length of duct (7 in. and 36 in.).

It has long been known that when air enters a duct of
constant cross section from a larger chamber, a con-
vergence or ‘““vena contracta’ of the air stream will take
place, and later the effective air stream will expand and
gradually assume a stable velocity condition. This
convergence near the entrance of the duct and the
resulting change in velocity beyond the “vena con-
tracta” will result in turbulence and an increase in heat
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loss coefficient (K,). This is evidently the explanation
for the high value of (K,) shown on Curves 1 and 2,
Fig. 12. Since the major part of this effect extends
over only a few inches, this explains why its influence
is small on Curve 4, Fig. 2, with a 36 in. length of duct.

About this time Rice?® published his Curve 6, Fig. 2.
This curve, as previously mentioned, gives values of
(K,) about 214 times as great as those of Curve lor?2,
Fig. 12, and as Rice states, about five times those of
Nusselt.! The explanations suggested were that the
conditions of air flow and heater surface were different.

In order to investigate this inconsistency, the writer
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made tests on the smooth cylinder with a converging
entrance simulating conditions as described by Rice.
This was done by attaching extensions to the cylinders
as shown in the dotted lines, Fig. 11. The results of
this are given by Curve 3, Fig. 12, and show a decrease in
heat transfer instead of an increase. This decrease was
expected since a converging entrance will result in less
air turbulence than asquare entrance.

To check the effect of roughness on the rate of heat
transfer, the above 3-in. cylinder was closely wound with
0.0155-in. diameter enamel copper wire (0.0394 cm.).
This was insulated from the brass tube and the outer
exposed enamel was removed with sand paper. The
resistance of this outer wire surface was obtained with
a wheatstone hridge from which the temperature was
caleulated. The results of these tests were practically
the same as the results of tests made with the smooth
cylinder and line up with Curve 3, Fig. 12, within the
error of test.

These test conditions, while not exactly the same as
those given by Rice,” are nevertheless very similar.
The dissimilarities. due to size and other conditions
should not he expected to give a value of (K,) of
more than 20 to 30 per cent difference. The results as
given for 4000-ft. per min. air velocity are, however,
0.09 for Curve 3, Fig. 12, and 0.28 Rice’s value, I'ig. 2.
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Such a discrepancy is enormous and the writer’s
opinion is that Curve 6, Fig. 2, is incorrect since it is out
of line with all other tests.
RATE OoF HEAT Loss As INFLUENCED By DUCT LENGTH
It was previously suggested that the rate of heat loss
due to air flowing through a duct will not be constant for
all parts of the duct, even with a constant cross section.
It has been observed in machine design that machines
with short duct lengths, both radial and axial, can dissi-
pate more heat in proportion to the surface than can
large machines with the same type and section of duct
but with longer air flow path. A part of this difference
was believed to be due to the conditions of air flow.
The turbulence caused by the vena contracta at the
duct entrance should cause an increase in heat loss
comparable to that loss where the stream flow was more
uniform. This effect has been masked in many of the
past researches due to the difficulty in obtaining the rate
of heat transfer over any part of the duct. Thus the
work described by Nusselt,! Pohl,® Rice,® Dicksee,? and
Jordan® was all based on an average heat transfer
constant taken over the total length of the duct. The
writert notices this increased heat loss near the duct
entrance but was unable to determine its value ac-
curately because of a variable stray end loss. The
Curves 1 and 2, Fig. 2, were, therefore, based upon the
average heat loss in the middle 14 section of the duct.
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Curve 4 was based on the average loss over the total
duct.

This variation in rate of heat loss with length of duct
has been analytically considered by Latzko.” He
developed a theory of heat transfer as determined by
form and dimension with reference to the turbulency of
flow. His work was based upon the hydrodynamical
principles of fluid flow. No experimental work, how-
ever, was available, and none was submitted to sub-
stantiate the analysis.

The following work was planned in order to determine
this variation in the rate of surface heat transfer with
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duct length and also to cheek ('urve 2, Fig. 2, previously
submitted,

4. Adr Flow in a Circular Axial Duct. This air duct
used was practically a duplicate of that from which
Curve 2, Fig. 2, was obtained. It is called an axial
duct since it was made to imitate such duets found in
the punchings of electric machines. The duet was
114 in. in diameter and 3914 in. long. The inside sur-
face was rough since the duet was formed by stacking
stampings in the form of washers made from 0.017 in.
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0 8 16 24 32 40
X=LENGTH ALONG DUCT IN INCHES
FROM THE ENTRANCE

Fie. 17—Rate or HeaT Loss FROM SURFACE OF A Lawmi
NATED Axr1an Duocr

1'4 in. diameter 39'; in. long
"These dots are for duct with round entrance
XThese dots are for duct with squar> entrance

sheet steel (1 per cent silicon). These stampings were
bolted together by three long bolts running the length
of the duct. A sketch of the construction and details
isgiven in Fig. 14.

Tests were made with a sharp or square entrance and
with a round entrance as shown on Fig. 17. These
values of heat loss (K,) are the actual values obtained at
any particular point along the duct. They verify the
previously given theory that the rate of heat loss against
duct length will be a variable and should be much
higher near the entrance of the duet. For a constant
volume, the loss (K,) is about twice as high for the first
inch of the duct as that found near the middle of the
duct. It should be noted, also, that there is a slight
increase in (K,) near the outlet of the duct. This shows
an increased turbulence and is verified by static air pres-
sure explorations in that region.

The influence of the entrance is shown by an increase
in (K,) with a square entrance over that given with a
smooth entrance. Near the middle of the duct the two
curves are practically the same.
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General Discussion and Conclusioms.  (a).  [Sxpress-
ing the rate of surface heat transfer (K,) in terms of the
average air velocity (v), the following constants for the
equation

4 )n
L1000

are found:

Type of Duct A n
Axial smooth surface const. ¢ross sectjon 0.0167 0 88
Axial Rough surfuce const. cross section 0.0178* 0.93
Axfal Annuluar rmcoth surface const. ¢rosgs section 0.0367 0.75
Rectangular smooth » 10.) Const . croks section 0203 0.82
Rectangular sinooth gin wWivy) Cunst. Cross scction L0298 0.77
Radial 3/ in. diverging low no fingers variable sect. 0365 0 77
TRtadial */4 in. diverging low with fingers variable sect 0367 0.72
Tadial in.converging flow with fingers variablo sect L0310 0.70
Radlal */gin. converging tlow no fingers variabie sect 0204 0.88

This facior will increase as the duet length decreases

These results show a wide deviation in values of (4)
ranging from 0.0157 to 0.0367 and of () from 0.70 to
0.93. In general the indications are that when () is low
the coefficient (A) will be large. The value of (A) of
0.0178 for the axial duct was based on uniform air flow
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RATE oF HEeaT Loss FROM SURFACE OF A LAMINATED
Ax1aL Dter ar Various VELOCITIES

Fie. 18

The.?e cqrves are for duct with square entrance as shown
124 in. diameter 394 ipn. long

which would exist in very long ducts. As shown {in
Test 4, Fig. 18, this constant may increase to about
double this value for very short ducts. Test 3, Fig. 12,
sl_lowed that for such short ducts where very turbulent
air flow is obtained, the influence of friction upon
(KJ. may be negligible. Test 2, Fig. 8, showed that
radlgl ducts with diverging flow and changing cross
section also gave irregular flow and hence high values
for (K,). _With converging flow, however, the values
of (K.), Fig. 10, were much lower, even approaching
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-he minimum values found in Curve 1, Fig. 2. The
-ate of heat transfer (K,) for Test 1, Fig. 5, with a
-ectangular duct of constant cross section is also low
ind indicates a rather uniform air flow.

A general summary of the variation in (K,) is given
n Fig. 23. It shows that the minimum value is given
sy the smooth 114-in. duct, Fig. 2, with regular flow.
The maximum value of (X,) is found in the radial duct,
Fig. 8, with a diverging air flow. This curve is closely
ipproached by axial duets, with a 1- to2-in. duct length.

(b) Test 4, Fig. 18, giving the variation in (K,) at
iy point along the duct explains why many researches
ilong this line have been inconsistent. The majority
»f these tests have been expressed in terms of a (K,)
weraged over the total duct length and since this
ength varied greatly (K,) would also vary as shown by
Mg. 18. This variable factor of duect length is in
srineiple a check of Latzko’s’ analysis. His equations,
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'IG. 23—SUMMARY OF SURFACE HEAT TRANSFER CONSTANT
AcaINsT AVERAGE AIrR VELoCITY FOR VairIoUs Ducts

Average air temperature intake 25 deg. cent.
Average surface temperature 75 deg. cent.
Atmospheric pressure

owever, do not agree in detail with the curves on Fig.
3. According to his calculations, based purely on
rydrodynamical relations, the curves on Fig. 18 should
each thelr minimum value in a length from the entrance

much less than shown.

{elvin of the wall and air.

(¢) Over the range of temperatures used, 25 to 150
‘eg. cent., the rate of heat transfer (K,) at a constant
nass air flow decreases slightly with increasing tem-
lerature; its approximate relation is: (K,) varies as

{
|

1 .
77— where (T.,) is the average temperature

avg

This is in the direction
adicated by Rice,®* Royds, and Campbell,"* but is op-
10site to that given by Nusselt,! Pohl,¢ and Jordan.s

(d)  When air flows through duects of constant cross-
ection and has reached a stable flow the heat transfer
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(K,) will tend to increase with the coefficient of surface
friction. When the air flow is irregular, due to condi-
tions such as entrance or irregular cross-section, (K,)
will be large and may be practically unaffected by sur-
face conditions. With the use of baffies the turbulency
of the air can be greatly increased with an increase in
rate of heat transfer (X,). The increase in static air
pressure drop, however, will be at a greater rate.

(e) A general analysis of surface heat flow con-
stant for a wide range of fluids and gases has been made
by Davis,” Rice,?'®# Nusselt,! Latzsko,” McAdams,
Frost,® and many others. The equations, based upon
the physical properties of fluids and upon frictional and
hydrodynamical relations, were solved mainly by di-
mensional analysis. As a general solution, such work is
valuable. For specific information regarding the heat
transfer covering a definite fluid with definite conditions
of flow, temperature, and the like, however, the above
general solutions may be seriously in error. The workers
listed above have shown that this rate of heat transfer
is a function of the physical properties of the fluid such
as density, specific heat, viscosity, velocity, thermal
conductivity and also a function of the shape and
principal dimension of the surface. The tests sub-
mitted by the writer have shown that this rate of heat
transfer is also a function of the flow lines of the fluid
and in this respect becomes a problem of more than a
single dimension and at least involves a ratio of princi-
pal dimensions. To derive a general solution taking
into account the hydrodynamical conditions in addi-
tion to the above physical properties seems visionary,
at least as regards a practical solution. Thus, for
specific information, which is desired by designing
engineers of electric machines, experimental results
such as submitted on Fig. 23 must be used.

It is also hoped that these specific tests may aid in
forming a basis for a better general solution of this
surface heat transfer problem covering, let us say,
the more restricted field of gas flow which is of great
importance in electrical industry.

The writer wishes to express his appreciation of the
valuable assistance given in the performance of these
tests by Messrs. L. W. Schad, R. R. Sirrs, J. H. Cone,
C. G. Veinott, and E. Steinert.
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Some Graphical Solutions of A-C.. Circuits
Founded Upon Non-Euclidian Geometry
BY F. W. LEL:

Associate, A. I. E. E.

Synopsis.—1.

2

~.

A graphical method for the solution of alternaling-current circuils is developed and discussed.
The application of these transformations is shown graphically by numerous examples.

8. Certain characteristics of circuils are identified which greally stmplify the graphical solutions of circuils.

INTRODUCTION

THE purpose of this paper is to show how, with the
aid of simple functional transformations, it is
possible to obtain a mental picture of the limita-
tions, as well as the influence, of each factor in an a-c.
circuit upon the resultant voltages and currents.
Steinmetz first explained how the influence of the indi-
vidual factors of a circuit may be computed with the
aid of his complex operator. Arnold also indicates how
they may be used for constructing loci diagrams. The
usual representation of an electric circuit is by the
impedance or the admittance diagram; these operate
upon the current or voltage in question and also
determine the relative phase relations and magnitudes
of the voltages and currents in the circuit. The method
of analysis now presented has the limitation of the
admittance or impedance diagrams for its objective.

Fundamentally, this idea embraces the operation
carried out upon a function instead of a particular value.
The function has all particular values as special cases.
Also, if the functional transformations are simple, the
individual operations may be traced after each funec-
tional change has been made. In this particular dis-
cussion the functions are circles and each particular
solution may be followed with great rapidity. The
effect of each functional change may be seen and any
alteration of each particular factor visualized under
various circuit conditions.

The nature of these solutions all have circles for their
functions, but the parts of the circle which are physic-
ally operative may be greatly attenuated by -circuit
limitations. Nevertheless, the circle, has a very well
defined physical, and also a mathematical, relation to

1. The Johns Hopkins University, Baltimore, Maryland.
Presented al the Annual Conveniion of the A. I. E. E.,
at White Sulphur Springs, W. Va., June 21-25, 1926.

the circuit in question. Although the following trans-
formations transform into similar figures, the circle,
as will be seen, is a natural consequence in alternating
circuit modifications. This operation upon a circle
may take various forms; these are best understood
when the equation of a circle is considered.

OPERATIONAL CHANGES

The function for simplicity is taken as an impedance
and 1s represented by Z. It may also, however, take
the value of a voltage, a current, or an admittance, as

conditions require. In Fig. 1, a circle of radius | r|is
shown
The equation of this circle is Z = | 7| ¢’. Every

Fre. 1

point on this circle is uniquely defined; for example,
Z, = |r| &% Thecenter of the circle coincides with
the X X and Y Y axis. Certain operational changes
may be made upon this function Z which will give rise
to another function 1V; for example, a constant complex

value @ = | a | ¢’ may be added to every point upon
the circle shown in Fig. 2.

W=2+a
or

W=a+|r|é" (1)

From Fig. 2, it is seen that the diameter of W is
the same but the center has been shifted for O to O,
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Here it may also be seen that W is a more general
expression for a circle.

Again consider the circle Z = | r | ¢’ but let it be
multiplied by €. The new function W now is
W=2Ze%=|r|? X =70t (2)

This is shown in Fig. 3, the circle has the same

radius as in Fig. 1, but the points have all been dis-
placed by 0, deg.; or the circle has been rotated in a
positive sense.

Had Z been multiplied by | b | €%,
as demonstrated by Fig. 4,

then

W =|r|x|b|e®t? 3)
The original circle Z, having a radius | r |, will change

into circle W, having aradius | r | X | b |, or the product
of the radii. The circle W would also be rotated with
reference to Z by an angle of 6, degrees. Point a
will go into a’, ete.

If a more general equation for a circle had been

Y

g for =0

considered, as Z = a + | 7| ¢’°, where o is a complex
number, as shpwn in Fig. 5, and had Z been multiplied
by b =|b| €, the circle Z would have gone into
W=2Z|b]e" =[|a|e +|r|][|b] %]
|a| |b|ej(0a+0b) o= |T||blej(0—|0b)
=c¢+ |r"]| 0T, (4)
Notice that the circle Z has been moved through an

It
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angle 6, and has also been revolved about its center
by 65 Its new radius ' = |[r| X |b]| and its new
distance from the origin ¢ = |a| X | b/|.

To define a circle, three factors are necessary after a
transformation, viz., (¢) the radius or diameter, (b)
the distance and direction from the origin, and (c) the
value of 8, or its zero reference point.

Another equally important transformation is the

reciprocal of a circle presented by Fig. 6. Z = |r| €’
is a circle about the origin.
Then
1 1 ’ o
Z T or|ée T |¢T (5)

From this equation a new circle arises, having a

radius

1 . .
= ’ with angles taken in the negative sense.

Circle Z will go into circle W and vice versa; point a
would correspond to a’, a circle inside of the unit
circle will fall outside, and a circle outside will fall
inside, upon inversion. The unit circle will invert
into itself but the points on it will not coincide. Should,
however, the center of the circle not coincide with the

origin, Fig. 7, then the inversion will also transform the
circle into another circle.

Here ' .
Z =|a|€%+|r|€’

1 1 . .
W = =|a’le?ta 4 |7 e

zZ o+ |r|é€’
(6)

6 and 0’ bear no linear functional relationship.
This transformation may be proved from similar
triangles upon elemental portions of the two circles.
The angles, however, do not transform uniformly as a



1082

Before the reactance is added the current in the cireunit

1
Z,+ 2.

where, for example, Z. is taken asa 50 per cent power
factor locus.

It is evident that there is a short-circuit current for
Zv. = o, but from the diagram it is seen that this may
not be the maximum current possible in the circuit,.
For a definite range of power factors touching the cir-
cles between a k ¢ and b m ¢ maximum currents greater
than the short circuit current are possible. The inver-
sion of the circles A and B indicates the locus of these
maximum currents which are the straight lines a’ ¢’ and
b’ ¢’. These two lines intersect at ¢’, corresponding to
the intersection at ¢ of the two circles which is the
resonant point in both instances. For this point the

. . 1
IS proportional to - 7 7 and afterwards to -
41 4 L
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ratio of the short-circuit currents corresponding to
’

oc
line impedance Z, and Z, is o 1; for Z. = 0 the

4
7 = 0.5; at 50 per cent power factor leading
a .

. . 0
ratio is
0

om’
it is ok = 0.633.
the loci represent the mathematical possibilities and
the full lines the physical limitations. The points ¢
and ¢’ are the same for any reactances which may have
been added to Z,; hence they may be called invariant
points in the comparison.

Another example is the location of the generator
current locus for a high-tension transmission line, in
this case the 500-mile line published in the JOURNAL
of the A. I. E. E. for September, 1924. Fig. 17 ()
shows the line reduced by the simple reduction formulas
of Dr. Kennelly. It is loaded at a constant power
factor of 80 per cent lagging current at the load. The
equation of the current at the generator is

Here again the dotted portions of
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I + Y, |E/0 . 10

VA
Y Y +

The successive operations which are neces: ary  are
indicated in this equation. The variable Y. is the load
admittance; the other factors are constants which are
indicated as per Fig. 17, (I). "The graphical operations
are accomplished in the order in which equation (1)
is derived and are indicated as follows:

Yioand Y. 4+ Y. [Fig. 17, (1I) |

: and + Z (g, 17, (11I) ]

1
Y.+ Y, Yo+ Y,

+ Y,
+ Z

1 p and 1
Yo+ Y
(Fig. 17, (I1V) ]
‘ 1 .
I B [ —L Yl][Flg. 17, (V) |
e
Yo 4+Y

It will be seen from Fig. 17, (V) that the current Is a
minimum at P. In order to determine the exact value
of load Y. for this minimum current, this value of P
may be traced through each transformation and is
indicated by P on every locus.

From purely physical considerations of this circuit
it is evident that the voltage at open circuit is the same,
irrespective of the value of admittance Y. as gradually
decreased to zero. Also, the voltage at a short circuit
1s zero irrespective of how Y. was increased to infinity.
Hence there are two invariant points in this system
common to any kind of loading, that for open circuit
Y. =Y, and that for short circuit Yo = Y,. All
of the current loci will intersect at these two invariant
points.

DISCRIMINANT LocI

Certain loci may have something common with
other loci which allow the rapid evaluation of a large
number of loci by the use of this locus. A locus which
can be used in this manner may be called a discriminant
locus. For example, suppose it were desired to com-
pute all the generator current loci for all power factors
of loading Fig. (18) and of circuit Fig. 17 (D).

Here are shown various power factors of loading
Y. = 50 per cent leading, Y, = 86 per cent leading,
Y. = 86 per cent lagging, and Y, = 50 per cent lag-
ging as illustrated. It would be, with the above
simple method of current evaluation, rather tedious to
carry through each evaluation as per Fig. 17. From
Fig. 18 (II) it is seen that Y, + Y, produces, for every
power factor, a circle locus 123056 ; this circle has one
point in common for every power factor in addition to
the invariant points Y, and Y.; it is a discriminant
locus. Now by treating this circle as a special type of



Nov. 1926

load and carrying it through as per Fig. (17) a locus of
I is found, Fig. 18, III. All power factors, Y., Y, Y,
and Y, have the points 5, 6, 2 and 3 respectively, on
this circle. Since the current loci must also pass
through Y, and Y, in addition to a point on this locus,
it is possible to draw a new circle through these three
points, for example, point 2, Fig. 18 (IV), to deter-

< Y,
l/ \

ol 2 Locus
X513 PNe

%786 % p.f. g

—_——

Elo

mine the current locus at 86 per cent power factor.
The small shaded area shows the change from 80 per
cent power factor of Fig. 17 to 86 per cent power
factor, or the range of generator current due to change
of power factor at the load. The phase angle of the
current I at the generator and the voltage E/0 can be
obtained directly from the diagram. Because all
current loci have their centers in line M N, this line
is also a discriminant locus. It can be seen from Fig.
18, (V), that a change of load power factor from 50

——————
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\ -t e
N[/ //

- |
X > kg q
Ey Y
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per cent to 80 per cent, leading, corresponding to loci
Y, and Y,, produces a much greater change of current
at the generator than a similar change from 50 per cent
to 86 per cent lagging, or circles Y. and Y..

In order to determine the voltage E. at the load,
the relation )

E.=E/0 —[I.-E/0Y,1Z (10)
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is used, and the transformations are followed as indi-
cated in the equation, (see Fig. 19). All of the genera-
tor current loci of Fig. 18 (V) were operated upon as
indicated in equation (10). The discriminant line
M N of Fig. 18 (V) transforms into the line M’ N’ and
allows a very rapid determination of the voltage at the
load E.. This diagram shows what values of Y. must
be chosen if the system is to have a constant voltage at
the load end in conjunction with a constant voltage at
the receiving end of a transmission line.

The well-known asynchronous machine can be
graphically visualized with these transformations.
The standard circuit of the induction machine is shown
in Fig. 20 (I).

Remembering that the slip

Wy — Wo
gl —— = (11)

(OF]

1 Zy=m 43 Zosmy +jxXe
JE S S AN W

. Elo'e @-jb
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R
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o et
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3 h S

b EATY2TS M Yo
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Ef80 /“/—\\ o

/ R:0’

/
Id/[R-+e R-

u’\iR:-o: .
‘\\lw/

Induction Generator
(1)

Fira. 20

in which w; is the synchronous speed and w, the speed
of the rotor, in the equivalent circuit

Ty
S="Rain (12)
or
Ty
R = ( P >— Ts (13)

where 7, is the rotor circuit resistance and R is the
resistance equivalent to the mechanical load on the
rotor. -

The range of speed, for the induction motor is
0 < wy < w,

for which R varies from 0 to « resistance.
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The range of speed for the induetion generalor is
+ o > 4
for which R varies from rq to

The range of the frequency converter or brake is

o < (J)g < 0
for which R varies from - r, to 0.

Here the eritical locus is R, which has all valuesfrom
+ « to @ with singular points at O and — Ty as
shown in Fig. 20 (II). The effect of adding the pri-
mary and secondary impedance is shown in the line
K L. Upon inversion the circle through the origin is

realized and the points R = 4+ o and R =—- « are
the same point at O.

The current delivered to or from this cireuit is shown
in Fig. 20, (ITI)

we > W,

@ .

1

—— 9
Z\+Zs+ R +Y°]E’O'

The voltage is chosen at 90 deg. to make the diagram

ASURING DIELECTRIC LOSS Journal A, YK, X

simlar to the conventional representation of the
Heyland diagram.

Further application of these methodsto transformers,
generators, filter eircuits, vacuum tubes, ete., is obvious,

once the view point is ascertained.

CONCLUSIONS

This analysis indicates how, with the aid of a few
elementary transformation theorems, the operation of
electric circuits, machinery, and vibrations of all kinds
may be visualized and their limitations and possibilities
discerned without the aid of extensive mathematical
formulas.

It indicates a method for the computation of charts
showing changes upon individual units comprising the
system. It will show, for example, how a system may
be operated with greatest efliciency or flexibility and
what units added to this system will give best results.

The writer wishes to acknowledge the many kind
suggestions of Dr. Whitehead and the careful compari-
sons of the proof by M. W. Pullen.

Standards for Measuring the Power Factor of

Dielectrics at High Voltage and Low F requency'
BY HARVEY L. CURTIS:

Fellow, A. I. E. E.

Synopsis.—This paper points oul the need which exisis in the
electrical industry, particularly in connection with the testing of
high-voltage cables for convenient standards for use in the measure-
ment of dielectric loss. At present most laboratories malke use of
air condensers. In the paper these are classified and certain

sources of error which must be guarded against are mentioned.
Condensers with solid dielectrics would be much more convenient,
more portable, and cheaper, but so Jar none have been produced
which have satisfactory constancy for use as standards at high
voltage.

N any kind of measurement the need of standards is

not apparent until the importance of this kind of

measurement becomes evident. I'or example, stand-
ards of resistance were not needed so long as men were
interested only in electrostatics. It was only when
current electricity became of importance that resistance
standards were developed. Likewise, the recent realiza-
tion by industry of the importance of measuring the
power factor of dielectrics has raised the question
as to whether or not suitable standards can be prepared
and maintained.

At the present time practically all laboratories which
make measurements of the power factor at high voltages
use an air or gas condenser as a standard. It is assumed
that there 1s a negligible loss in such a condenser.
Descriptions of a number of these condensers have

1. Approved by the Director of the Bureau of Standards
of the U. S. Department of Commerce.
2. Senior Physicist, Bureau of Standards.

Presented at the Regional Meeting of District No. 1, of the
A.I1.E. E., Niagara Falls, N. Y., May 26-28, 1926.

appeared in print.* Also a number of concerns, Iin
response to a circular letter, have furnished the author
with descriptions of the condensers which they are
using.* Space does not permit a detailed description of
all of these condensers. However, it is possible to
classify them under certain general headings and thus
indicate the important features of the condensers which
are now being used.

. In all of these condensers, great care has been exer-
cised to so design the condensers that no corona will

3. Shanklin, G. E. Review, Vol. 19, 1916, p. 844. Whitehead
& Isshiki, Trans. A. I. E. E., Vol. 30, 1920, p. 1076. Atkinson,
Electric Jour., Vol. 22, 1925, p. 62. Rayner, Jour. Se. Instru-
ments, Vol. 3, 1925, p. 33. Dawes & Hoover, Jour. A. 1. E. E,
April, 1926, p. 337.

. 4. The following firms have furnished unpublished deserip-
tions:
American Steel & Wire Company.
Electrical Testing Laboratories.
Habirshaw Cable & Wire ( Jorporation.
Safety Cable Company. ,
Simplex Wire & Cable Company.
Waestinghouse Electric & Manufacturing Company.
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occur at the highest voltages at which they are to be
used. This requires that the spacing between the
plates shall be adequate and that the edges of the
plates shall be finished by a curved surface having at all
points a large radius of curvature. If a large room 18
available, these conditions are not difficult to meet.

The condensers may be classified either in regard to
the kind of dielectric or in regards to the shape of the
electrodes. When classified in regard to the kind of
dielectric, the condensers naturally fall into two
classes, (1) condensers using air at normal pressure as a
dielectric and (2) condensers using a compressed gas as a
dielectric. As the dielectric strength of a gas increases
approximately in the same ratio as the pressure of the
gas, the plates of a compressed gas condenser can be
placed relatively close together, decreasing greatly the
size required for a given capacitance. With a pressure
of only 10 atmospheres, the plate separation for any
given voltage need be no greater than with an oil con-
denser for that voltage. Moreover, there are no data to
show that there is any dielectric loss in a compressed
gas. The advantages and disadvantages of a com-
pressed gas condenser in comparison with one using
air at atmospheric pressure is shown in the following
statement furnished by Mr. R. W. Atkinson:

Advantages Disadvantages
Compactness Lack of adjustability
Portability Necessity of maintaining pressure
Cheapness Inaccessibility of electrodes
Constancy Difficulty of designing a gas-

Complete shielding tight, high-tension bushing

Air condensers for high voltage may also be put in two
classes as regards the shape of electrodes, 7. e., those
using flat plates and those using coaxial cylinders.
Those using flat plates may again be divided into those
having a single high-voltage plate and those having
several high-voltage plates. When there is a single
high-voltage plate, most laboratories use two low-
voltage plates, one on either side of the high-voltage
plate. This doubles the capacitance with an increase in
the cost of only 50 per cent. Many laboratories use a
guard plate to shield each of the low-voltage plates of
the condenser.

In the condensers made of coaxial eylinders, two types
are used; those having the high voltage on the inner
cylinder and those having the high voltage on the outer
cylinder. In either case guard rings are generally used
at the ends of the low-voltage cylinder. If the low-
voltage cylinder is outside, it is customary to surround
the low-voltage plate by a metallic sereen which is
connected to the guard rings at the end, thus completely
shielding the low-voltage plate. If the low-voltage
plate is on the inside cylinder, the guards at the end of
the cylinder form a complete shield for this plate.

Certain difficulties arise in the use of air condensers
as standards for power-factor measurements. There is
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often some uncertainty concerning the loss in the leads
which go to the air condenser as well as those which go
to the specimen. In case a substitution method is used,
care must be exercised to see that the loss in the leads is
the same when the specimen is being measured as when
the air condenser is substituted.

If the condenser does not have any guard plates,
then it is important that all the lines of electrostatic
force passing from one plate to the other shall go
through air. Such condensers should be kept well
away from the walls of the room, and the solid insulating
material used to support the low-voltage plate must be
so arranged that the lossin it is negllglble

In condensers using a guard, there is frequently a
large capacitance between the guard and the shielded
plate. If the guard plate is at every instant kept at the
same potential as the shielded plate, then this large
capacitance has no deleterious effect. However, in

very few of the published methods is any provision
made for keeping the voltage of the guard plate the
same as that of the shielded plate.

The effect of a slight difference of potential between
the guard plate and low-voltage plate can easily be
illustrated by reference to the Schering bridge.®* This
bridge, arranged for use with a guarded condenser, is
shown in Fig. 1. The capacitance C, between the
shielded plate and the guard plate is in parallel with the
measuring capacitance C,. The power factor of the
specimen D is given by the equation

27 fR,(Cs + C,)

Hence, if the value of C, is omitted in computing the
power factor, an error is introduced, the magnitude of
which will depend on the relative values of Cs and C,.
For a given sample, the error will increase as E; is
increased. A rough estimate of the value of the ca-
pacitance C, that may be expected in types of condens-
ers now in use indicates that if R, is as much as 1000
ohms, the error would be of the order of 0.01 per cent in
the power factor, whereas if B, 1s 10000 ohms the error
would be of the order of 0.1 per cent.

All other methods of measuring power factor with a

Power Factor =

5. See deseription by Kverett S. Lee, Jour. A. I. E. K.,
Feb. 1925, p. 160.
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guarded condenser are subject to errors of the same
magnitude as those indicated for the Schering bridge.
The current that flows through the capacitance from the
shielded electrode to earth decreasésthe current through
the measuring instrument. Unless special provision is
made to insure that the guard electrode is at the same
potential as the shielded electrode, the errors that may
result in the power factor of the specimen under test
may be quite as large with a guarded condenser as with
an unguarded condenser.

The problem of making power-factor measurements
would be considerably simplified if suitable condensers
with solid dielectric were available. These condensers
could be certified for power factor in a standardizing
laboratory. In order to be suitable, such condensers
must be small enough to be portable and should have a
low power factor which is stable with time and which is
nearly independent of voltage, frequency, and tempera-
ture. No condenser which fulfills these requirements
at high voltages has been produced. A mica condenser
serves admirably at low voltage, but as yet it has not
been adapted to high voltage.

Paper condensers for use on voltages up to 3000 volts
are now a commercial article. Some unpublished
experiments performed at the Bureau of Standards
indicate that their power factor may change with time.
Hence such condensers cannot at present be considered
suitable for standards.

Glass condensers have been used in some cases.
While very stable, the loss with most kinds of glass is
high and there is a large change with temperature.
Such condensers are not suitable as standards. There
are unpublished data indicating that glass having a
much lower loss than ordinary glasses will soon be
available. This offers interesting possibilities for use
in standard condensers.

Clear-fused quartz, often called silica glass, has been
suggested as a suitable dielectric for high-voltage con-
densers. It answers the requirements of stability and
of low dielectric loss. However, the effect on the power
factor of changes in voltage, frequency, and temperature
has not yet been determined. Until a condenser of
this type has been given a complete test, there
will be no certainty that fused-quartz condensers
will make satisfactory standards for power-factor
measurements.

The situation today in regard to power-factor stand-
ards at high voltage in many ways resembles the voltage
situation forty years ago. Then if one wished to mea-
sure a voltage he must himself set up a Daniell cell
which he could use as a standard. Now, practically
every voltage measurement depends directly or in-
directly on values maintained at a standardizing labora-
tory. The change from the first condition to the
second has taken place gradually as new methods of
maintaining standards have been developed, and as
standardizing laboratories have been able to convince

CURTIS: STANDARDS FOR MEASURING DIELECTRIC LOSS

Journnl A. 1. I&. B,

industry that the standards which they furnish are
reliable.

Now it is practically necessary for every laboratory
that wishes to measure power factor at high voltage
either to build an air condenser which is supposed to
have zero power factor or to resort to difficult absolute
measurements. However, if there Is sufficient demand,
standards will be developed and standardizing labora-
tories will put themselves in a position to certify to the
value of the power factor under working conditions.

ESTABLISHMENT OF RADIO
STANDARDS OF FREQUENCY BY THE
USE OF A HARMONIC AMPLIFIER

Scientific Paper No. 530 of the Bureau of Standards,
by C. B. Jolliffe and Grace Hazen, bears the above
title, and describes a method for measuring the ratio of
a radio to an audio-frequency by the use of a harmonic
amplifier. The harmonic amplifier makes it possible
to use harmonics of a very high order from a known
low-frequency source, such as a standard tuning fork.
The method consists essentially of the production of
harmonics of the fundamental frequency of an alter-
nating current by means of the nonlinear characteristics
of electron tubes, the selection of any desired harmonic
by means of tuned circuits, and its amplification to
sufficient power to operate a standard frequency meter
(wave meter). Any harmonic of the source may be
selected, and thus from a known audio-frequency
source a frequency meter may be standardized through-
out its entire range.

The harmonic amplifier consists of two units, one
having a range from 8 to 450 ke, the other from 400 to
4000 ke. The first unit supplies a harmonic which is
used as the fundamental for the second unit. The
harmonic amplifier is given a preliminary calibration,
so that the harmonic multiples can be readily
determined.

A fixed frequency generator, such as a piezo oscillator,
may be standardized with the aid of an auxiliary device
to determine the frequency of the beat note occurring
between a harmonic of the amplifier and the fixed
frequency. The device used for this purpose is a
sonometer. It consists of a steel piano wire mounted
horizontally across two movable knife-edges with a
known tension applied. The beat-note frequency 1is
applied to the wire through a telephone receiver. The
wire vibrates when its frequency is equal to the applied
frequency. The frequency of vibration may be compu-
ted from the length, tension, and mass per unit length
of the wire. Two audio-frequencies may be compared
very accurately by the use of the harmonic amplifier
and sonometer.

Copies of the complete paper may be obtained from
the Superintendent of Documents, Government Print-
ing office, Washington, D. C.



Mercury Arc Rectifiers

BY D. C. PRINCE:
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Synopsis.—Mercury rectifiers have been known for about
twenty-four years, but until the last few years their principles of
operation have not been understood with any certainty, and all are
not yet conclusively proved. In the first part of this paper, the
probable mechanism of the electron source or cathode spot is out-

lined, the source of the various losses is indicated, and the probable
mechanism of arc back, that is, failure to rectify, is described.

The second part of the paper is devoted to the principles of simple
rectifier circuils, while the third shows a variety of rectifiers of
different kinds and sizes.

HE mercury arc rectifier has been known for about
Ttwenty-four years, but, in spite of the length of time

which has elapsed, there are a great many things
about it which are not understood with any degree of
certainty. A good deal has, however, been found out,
especially in the last few years, and since interest in
rectifiers is growing, it may be worth while to go over
some of the principal features so as to get a general
idea of the rectifier and its problems.

Fig. 1 represents a standard, 50-ampere, 100-volt
mercury arc rectifier. This form is shown for pur-
poses of explanation on account of its simplicity.
It consists of an evacuated glass bulb containing, in this
case, two main anodes composed of graphite located in
the anode arms projecting at either side of the bulb; two

ald

Fig. 1—50-AMPERE Low-VoLTAGE RECTIFIER
auxiliary anodes also made of graphite lower down and
on the front of the bulb; a starting anode made of
mercury at the lower right; and a mercury cathode pool
at the bottom.

The principle of operation in its barest essentials
is similar to that of the vacuum tubes used in radio
reception, with which most people are now familiar.
In a vacuum tube a filament is heated until the electrons
in it have so much energy that they are able to break
through the metallic boundary into the surrounding

1. Research Laboratory, General Electric Co., Schenectady,
N.Y.
Presented at the Annual Convention of the A. I. L.

E.,
White Sulphur Springs, W. Va., June 21-26, 1926.

space. If the anode (plate) is positive, these electrons
are attracted toward it and current flows. If the anode
is negative with respect to the filament, the electrons
will be drawn back upon the filament and no current
can flow. Rectifier or check-valve action is thus es-
tablished, since current can be carried in one direction
only. In the high-vacuum rectifier the electrons filling
the space between anode and filament produce a charge
known as the “space charge”’ which tends to drive the
electrons back. This causes a loss which becomes very
high if it is attempted to draw considerable current.

In the mercury rectifier in place of the filament we
have a small, bright, dancing spot called the *cathode
spot’”’ which is the source of the electrons. Electrons
are drawn from this spot to the anodes when they are
positive just as in the high vacuum tube, but when the
anodes are negative they do not constitute a source of
electrons, so that no current can flow and rectification is
obtained. There is some difference of opinion as to
what occurs in this spot. The electrons proceeding
from it strike neutral molecules of mercury vapor and
ionize them; that is, one electron is removed from the
molecule and the remainder of the molecule then has a
positive charge. These positively charged molecules,
called positive ions, are attracted toward the cathode,
and, since they are quite heavy, their striking repre-
sents considerable energy and the spot where they
strike is heated. There is thus some action analogous
to the heating of a filament. In addition to this heating,
the positive ions, being heavy, move slowly, and a large
accumulation of them near the mercury surface pro-
duces a high potential gradient which tends to draw
electrons from the mercury surface at a temperature
lower than that at which they would be able to leave it
if there were no such strongly attractive force. The
electrons drawn out ionize new molecules which heat
the surface of the mercury and draw electrons from it,
so that the process once started is self-continuing
provided the potential necessary to make the current
flow is present. To start the spot in the first place, an
arc is drawn by tilting the tube so that the mercury in
the cathode makes contact with the mercury in the
starting anode. The potential is impressed on the
starting anode through a small resistance. When the
tube is returned to the vertical position, this circuit is
broken and the resulting arc initiates the cathode spot.

Measurements have been made of the current density
in the cathode spot, and it is believed to be of the order
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of 26,000 amperes per sq. n. The heat due to bom-
bardment of the positive ions evaporates a great deal
of mercury. From this and other causes a pressure
1s built up at the cathode spot of the order of two
atmospheres, although the vessel as 2 whole has been
evacuated as perfectly as possible. The large glass
bulb operates as a condenser to condense this jet of
evaporated mercury. The high-pressure vapor is thus
projected into a condenser where the pressure is of the
order of 50 microns, that is, 5/100 of a millimeter.

The temperature of the cathode spot has not been
definitely established. Some authorities give it as
2000 deg. cent., which would be the temperature re-
quired to produce the electron stream by heat alone.
The adhual temperature is probably much lower,
although the amount has not been established.
The potential drop required to maintain the cathode
spot is approximately 10 volts. Approximately half of
this 10 volts is consumed in latent heat of ionization of
the mercury (work function 4.4 v.) and in the energy
of the individual electrons as they escape from the pool.
The remaining five volts appear as heat at the surface
of the mercury pool, about half being used in evapora-
ting mercury while the other half is conducted away
through the liquid mercury in the pool. When the
electrons combine with molecules, either on the walls of
the vessel or at the anodes, the five yolts represented by
their energy are returned also as heat. Such electrons
as combine with positive ions to form neutral mole-
cules in the space give up some of their energy in the
form of the greenish light so characteristic of the
mercury arc rectifier. ;

About four or five amperes are required to maintain a
stable cathode spot. For higher values of current
the area of this spot increases, and above 40 amperes
more than one spot may exist simultaneously. The
spot, or spots, always move very rapidly from place to
place due to the strong blast of mercury vapor and
Impinging positive ions. In order to make a rectifier
operate down to zero load cuirent, the auxiliary anodes
are provided which draw a current of approximately five
amperes so that the cathode spot is maintained in
readiness even though the load is disconnected. These
auxiliary anodes were not provided in some of the
earlier rectifiers, but their provision facilitates many
things and may be considered standard in future
rectifiers both large and small.

The 10-volt cathode drop does not make up the entire
loss. In the high-vacuum tube a drop is produced due
to the presence of the electrons in the space. In the
mercury arc this drop is eliminated by the presence of
the positive lons. Whenever a drop tends to exist at
any point, the electrons are accelerated until they are
able to ionize neutral molecules. The resulting posi-
tive lons are of the opposite sign to the electrons so that
the net space charge is reduced to approximately zero
but does not disappear completely for some drop is
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necessary to replace ions lost by recombination and
collection by the walls.

Fig. 2 shows the form of arc drop curve for a small
rectifier. The two lower curves apply to a tube of the
same general form as that shown. That is, it has short,
straight arms. The lowest curve gives the are drop
characteristic of the bulb cooled only by natural air
circulation. To determine whether the anode area is
important, the current has been collected by one anode,
or by two, and it is observed that the total drop is almost
exactly the same in both cases. The characteristic
drop reduces to a minimum at 10 amperes and then
rises. Below 10 amperes, therefore, it has the nature of
a negative resistance. In order to operate a mercury
rectifier, it is, therefore, necessary to include an im-
pedance sufficient to make the average impedance
positive; otherwise the tendency would be for the
current to rise indefinitely or fall until the are was ex-
tinguished. The rise in the drop beyond 10 amperes
1s due to excessive vapor pressure produced by heat.
The next higher curve which has its minimum at about
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28 amperes was obtained from the same tube merely by
cooling the condensing bulb with a 12-in. desk fan. A
still greater increase can be maintained by more positive
cooling methods such as oil or water. Beyond the
minimum points, although the are drop rises with
increase in current, the response to instantaneous
variations in current is still that of a negative resistance,
so that even though rectifiers are operated beyond the
point of minimum drop, two anodes still ecannot be
paralleled without some impedance to force a division of
current.

The two higher curves on this figure are corresponding
curves for a tube of the same size but having an elbow
in the anode arm. Such a tube will be shown in a later
figure. It appears that Increasing the length of the
path adds a nearly constant voltage drop. Since the
drop in the rectifier is a function of current only, the
capacity and efficiency are greater the higher the
voltage used.

There is naturally a limit to the voltage that can
be applied, and Fig. 3 shows the nature of this limit.
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This figure shows what is known as the “arc back
characteristic” of a 20-ampere glass rectifier with
natural air circulation. It appears thatforany current,
there is 2 maximum voltage which the tube will rectify.
Above this voltage one of the anodes becomes a cathode,
so that the unidirectional conductivity of the device
is lost.

Like the point of minimum arc drop, the current
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at which such a failure or arc back occurs can be in-
creased by cooling. The probable mechanism is
substantially as follows. When the anode is negative,
some of the positive ions will be attracted toward it
and will strike it with considerable velocity. Under
normal conditions very few of these collisions will
produce electrons from the anode. Some few will
be drawn out, however, and these will proceed toward
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the ecathode, ionizing further molecules as they go-
The additional positive ions produced in the neighbor-
hood of the anode will return toward it, and they also
will produce a certain small number of electrons. The
higher the negative voltage on the anode, the more of
these electrons will be produced. The higher the
vapor pressure, the more collisions each electron will
make and the more positive ions they will produce.
Thus a point is reached where, by increasing vapor
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pressure with temperature or by increasing voltage,
so many electrons will be drawn from the anode
that it will become a cathode and rectification ceases.

/\Pr’i mary Vol laqy‘\

Load voltage

Fre. 5—Wave SHaPes OBTAINED WiTH CirculT oF Fig. 4

This covers in a general way the principal phenomena
of the rectifier. Under normal conditions it gives an
almost perfect unidirectional action with a relatively
small drop, so that in circuit determinations we may
neglect all but the unidirectional effects.

Fig. 4 shows the most elementary rectifier circuit.
Power is supplied from any alternating current source
to transformer primary 7T. The secondary T’ is
connected at its terminals to anodes ¢ and a’. In
this case high-vacuum rectifiers are indicated. The
cathodes ¢ and ¢’ are connected together and to the
midpoint of transformer secondary 7T’ through the
load R.

Fig. 5 shows the primary voltage and voltage and
current across load resistance R. During the half-
cycle that anode a is positive, electrons flow from ¢ to a;
that is, current in the usual sense flows from a to ¢ and
returns through R in the direction shown by the arrow.

A-C.Power

Source
M

_ MW MAWMWA__

+ Reactor

I|||MI—4

~D-Clood

) ‘iv
-

—

Anode

“\/
A
4

—

|
N

Startin
|‘ Vo~
Cathode —= Electr oge
!
oo ——
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During the other half-cycle, «’ is positive and current
flows from ¢’ to ¢’ and returns through R in the direction
shown by the arrow, that is, during both of these
half-cyecles, current has flowed in the same direction
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through R and rectification has been obtained. Since
there is no other form of impedance present, the current
through R and the voltage drop across R are both
sinusoidal in form, but, due to the rectifier action, both
half-waves are in the same direction, There would be
no object in supplying rectified current to a resistance,
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so these figures are primarily interesting to show the
rectifier action in its simplest terms.

To remove the current pulsations, an inductance
may be connected in series with the load. Fig. 6 shows
a circuit similar to that of Fig. 4, but including such an
inductance and also including a battery as load in
place of the resistance. A mercury rectifier is shown
instead of the high-vacuum, hot-cathode rectifier.
The inductance prevents the current from falling to
zero, so that the cathode spot is maintained. A
mercury rectifier could not be used in the circuit shown
in Fig. 4 because it allows the cathode current to fall
to zero.

If this smoothing reactor has a large value of induect-
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ance so that the rectified current is held constant,
the various waves have the form shown in Fig. 7. The
sinusoidal primary voltage is impressed through the
transformer on the two anodes a and a’. The cathode
will assume a potential just enough less than the most
positive anode to cause current to flow. The cathqde
potential is shown as trace e.. This cathode potential
is impressed upon the load circuit consisting of the
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storage battery and the reactor. Since the reactor
maintains the current constant, there can be no varia-
tion in voltage across the battery. The entire voltage
variation appears, therefore, across the reactor. The
steady rectified current is shown at ¢,. This current
flows from whichever anode is positive for the moment.
© and 7" are, therefore, the respective anode currents.
Neglecting transformer exciting currents, the trans-
former primary current must be of the same shape as
the secondary. <7, is, therefore, the form of primary
current obtained.

For storage battery charging, it is not necessary to
employ a steady direct current. If the mercury
rectifier is equipped with auxiliary holding anodes
supplied from a separate source, a battery charging
equipment can be arranged as shown in Fig. 8.  With
this arrangement a small current of approximately
five amperes is maintained by an auxiliary transformer
winding. The battery to be charged is then connected
between the midpoint of the main compensator winding
and the rectifier cathode. Current will flow to charge
the battery only while the anode voltages are higher

Fic. 9—MErcury ARrc RECTIFIER SET ror CHARGING

BarreriEs or InpusTRIAL TRUCKS

than the battery counter-electromotive force. Between
times, the cathode spot is maintained by the auxiliary
winding through auxiliary anode reactors which serve
both to maintain the current at a steady value and to
limit that value. This diagram also shows the arrange-
ments for automatic starting. A relay which is nor-
mally closed is connected with its holding coils in the
two auxiliary anode leads. When voltage is thrown
on the rectifier, current flows through the contacts
of this relay to a tilting solenoid and mercury switch
which set up a rocking motion in the tube. A circuit
s also made to the starting anode through a resistance.
As soon as the cathode spot has been formed, the relay
opens the circuit to the starting mechanism, and the
rectifier is then ready for business. It is kept in an
active condition by the auxiliary anodes whether
the load is connected or not, a very desirable state
where an unknown battery which may be badly
sulphated or even open circuited is to be charged.

Fig.9isa photograph of one of these rectifiers.

Fig. 10 is a diagram of a three-phase rectifier. The
transformer windings 7', T,, and T; are connected in
delta and supplied from a three-phase, alternating-
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current source. The transformer secondary windings
t,, {5, and t; are connected so as to form a Y. The
outer ends of the Y are connected to anodes a1, a., and
as. The cathodes are connected through an inductance
L, and the load R to the Y point of the transformer.
Hot cathode rectifiers are indicated although no change
would be involved in inserting a mercury rectifier.

Fig. 11 shows the wave forms obtained by this
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Figc. 10—CirculT DiagraM oF THREE-PHASE RECTIFIER

arrangement. The three-phase or anode voltages are
shown as e,, e, and e;. The cathode follows these in
succession, always assuming a potential sufficiently
below the more positive anode to cause the current to
flow. The total current is maintained constant by the
inductance L so that the drop across the load is the
average cathode potential and is shown at E. Since the
total current is constant as shown at I and current flows
always to the more positive anode, the three anode
currents are as shown in 4,”, 4,”, and 75", each one having
full value of the rectified current for 14 of a cycle.
Since the transformer will not transform direct current,
the transformer primary will carry only the alternating

O pa—

Fic. 11—PRIMARY AND SECONDARY VOLTAGES AND CURRENTS

OF THE RECTIFIER SHOWN IN Fi1g. 10

component of these waves. These components are
indicated as 7,’, 1;/, and 7;’. Combining these currents
in pairs at the corners of the delta gives the three line
currents 2, 15, and 7;. It is observed that both line and
delta currents are not symmetrical. This indicates that
with this connection there are even harmonics of current
present. Even harmonics have an opposite phase
rotation from the normal and so are still more objection-
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able than odd harmonics. Two three-phase rectifiers
may be connected as shown in Fig. 12, however, to form
a six-phase rectifier. With this arrangement, instead of
providing two inductances L, a single compensator or
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12—DouBLE THREE-PHASE RECTIFIER

Fia.

“interphase transformer” can be used provided the two
three-phase rectifiers are connected 180 deg. out of
phase as shown. The resulting six-phase rectifier is the
one which is usually used for power installations.

The foregoing wave diagrams are made on the as-
sumption that there is no inductance in the alternating
circuits. On this same assumption a mercury rectifier
has a perfectly definite voltage ratio. If we have a
rectifier of p phases, the cathode will follow the anode

of one phase for the fraction of a cycle Since

the pulsations are absorbed by the inductance L, the

direct voltage available is the average of a sine wave for

this interval. By referring to Fig. 13, the average

voltage may be obtained by integrating a cosine wave
-7 + T

from to
Y4

This gives a value for the

. O : @ 3
direct-current voltage G = /2 E 7’; sin — . This
general expression gives the light load voltage for a
rectifier of any number of phases. The rectifier in

Fig. 12 was made up of two three-phase units and
therefore has an output voltage corresponding to three
phases.

The perfectly square current waves shown in the
current diagrams could only exist in an inductance less
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circuit, since otherwise it would requireinfinite voltage to
produce an instantaneous change of current. Actually,
therefore, the current does not change instantaneously.
Instead, when the point of the cycle is reached at which
two anodes have the same potential, the current begins
to shift from one to the other Since this shift is
brought about by a sinusoidal voltage dilference he-
tween the two anodes, the changing component of

= /

Fis. 14—GraruicaL REPRESENTATION OF CONDITION ARiIS-
ING FROM THE SUPPOSITION THAT THE TRANSFORMER SHOWN IN
Fi16. 6 HAs LEAKAGE REACTANCE

current will be sinusoidal, and, if the primary impedance
is nearly all inductive, as it usually is, the current will
start to change just as though an alternating voltage
were suddenly impressed on a circuit carrying a direct
current. The condition is shown in Fig. 14. A steady
current 1s maintained at a value I by the inductance
L up to the time t,, at which time there is no difference
of potential between the anodes @ and a’. At this point
the current will begin to change as though it were going
to follow the dotted curves. This curve is exactly the
curve that would be obtained in impressing a voltage
on a circuit of inductance and small resistance; that
1s, it has an axis v which has the decrement factor

—rt

€ L The alternating component has a constant
/X T
Il
Fic. 15—OvurpuTr CURRENT AND VOLTAGE WAVES, SHOWING

ErrFecTt oF 26-DEG. PERIOD OF SHORT CIRCUIT DURING WHICH
CURRENTS ARE TRANSFERRED AND NO VOLTAGE 1s PRODUCED
BY THE RECTIFIER

.

amplitude. Of course, this current cannot continue
to flow, as by the time ¢/, the current to the anode a has
been reduced to zero, and it is prevented from reversing
by the unidirectional conductivity of the rectifier
tube. We are therefore interested in only a part of
this transient curve which takes place between times
to andt’.

During the interval ¢, and ¢’ during which current
flows from two anodes, those two anodes must be at the
same potential. The transformer secondary is thus

PRINCE: MERCURY AR(

RECTINIIGRS Journal AT, ¥, ¥,
in ellect short eircuited for this interval, and there is no
output voltage. This relation is shown in Fig. 15.
1. and ¢,” represent the anode currents. a and o’

Fia.

Fia.

18—50/100-AMPERE, THREE-PHASE RECTIFIER

represent the corresponding anode voltages. The
cathode now follows these lines, and it, therefore, has an
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average value somewhat less than in the case where no Fig. 17 shows a three-phase, 20-ampere glass rectifier.
inductance is present. Fig. 18 shows a 50/100-ampere, three-phase rectifier.
This is the mechanism which acts for rectifier voltage This rectifier is approximately 30 in. high and 1s the
regulation. [Elaborate equations have been worked out largest glass rectifier made by the company before
to give the amount of this regulation, but they will not 1925. The two ratings given are one for natural air
be dealt with at this time.
Leaving now the rectifier circuits, we shall review

S oo

Fre. 22—EarvLy IroN RECTIFIER

Fre. 19—250-AMpPERE GLAss RECTIFIER
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Fra. 24—Cuanracrenrisric Curves oF AN IroN RECTIFIER

Fia. 21—Inrewior or A 100-Kw. RECTIFIER

- _ . cooling and the other for fan cooling. The current
sorlr?lg o{ ('Lh}? forms of rectifiers which haye been made. ratings apply to approximately 220 volts and must be
. Ll};}{ G)s ows the small?st mereury regtnﬁer now made reduced somewhat if higher voltages are used. It is
by the encral Electric Company. This rectifier has a  quite feasible to use voltages as high as 3000 for these
r?]tlf?g of IQ amperes and 300 volts. It has an over- tubes.
all height of approximately 8 in. Fig. 19 shows the new 250-ampere glass rectifier
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developed during the last year. The normal rating is
250 amperes, 250 volts fan cooling. One of this type
was operated in oil at 200 amperes, 3000 volts and
withstood repeated short circuits opened by a high-
speed breaker.

Fig. 20 shows a 100-kw. rectifier now supplying a shop
circuit in the Schenectady works. This rectifier
employs two of the 250-ampere glass tubes. The
interior of it is shown in Fig. 21. From the earliest
days, attempts were made to make rectifiers of iron in

Fia. 25—Tvyr1icaL STREET RATLway Loap
large sizes. Fig. 22 shows one of these early rectifiers
which was modeled quite closely in form after the glass
rectifier. As iron is not subject to the same limitations
as to form, later rectifiers have been made similar to
Fig. 23, which is a photograph of the rectifier shown at
the Atlantic City convention during the fall of 1925.
Fig. 24 shows the characterisite performance of such a
rectifier operating a street railway load. The high
efficiency under light loads is particularly significant as
the load factor of street railways is notoriously poor.
Fig. 25 shows the kind of load factor met in this
service.
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One objection to the iron type of rectifier as usually
constructed is that some leakage always oceurs with
bolted joints, although the amount may be very small.
For this reason, it is necessary to have a vacuum pump
attached to the rectifier, although it need not be
operated at all times. Attempts have heen made to

Fig. 26-—SwmaLL Irox RecrtiFiER with ALn Joints WELDED
avoid the need for a vacuum pump by the use of seals
fused directly to the metal parts. The rectifier shown
in Fig. 23 has no clamped joints between metal and
insulation, and, by the use of well fitted metal to metal
joints, the danger of leakage is greatly reduced. It is
possible to go still further and make rectifiers in which
the sealing is complete. Fig. 26 is a small one of this
kind which showed no indications of impaired vacuum
three months after being evacuated and sealed.

Multiplex Windings

for D-C. Machines

BY CARL C. NELSON:

Enrolled Student

Synopsis.—With the increase in capacity of d-c. machines, the
question of their successful operation has become more and more
important. It is thought that multiplex windings offer creditable
advantages if they are designed so that cross connections can be
suitably applied and the circuils thereby kept balanced, a fealure
which was not given thorough consideration when multiplex windings
were first tried.

This paper describes machines in which the proper design may
be secured when standard construction is used. Both lhe lap and
wave types of windings are considered. The principles are applied
to duplex windings in this paper, bul if so desired they may be
applied also to triplex and other multiplex windings.

A brief description of *‘frog leg vindings,” a recently developed
type of multiplex winding, is also given.

HE use of multiplex windings in large d-c. machines
offers marked improvements provided the windings
can have -armature cross connections properly
applied to them, so that the armature circuits can be
kept balanced; that is, the currents in the circuits may
be kept equal. This result has been successfully ac-
complished with multiplex windings on practical
machines with the ordinary type of cross connections in

1. Massachusetts Institute of Technology.
Presented at the Annual Convention of the A. I. E. E.,
White Sulphur Springs, W. Va., June 21-25, 1926.

a few cases (see references 6 and 7), and it seems
probable that the same good results can be obtained in
other cases.

Multiplex windings have, in general, more parallel
paths and, consequently, less current per coil than the
corresponding simplex windings which are usually used.
Accordingly the current to be commutated is much
smaller and therefore the amount of sparking is re-
duced. The fact that an increase in the number of
parallel paths in an armature winding improves commu-
tation, (other things being equal,) is exemplified by the
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well-known case of an armature which is of such rating
that either a wave or lap winding could be used. The
latter is distinguished by more paths in parallel, more
and narrower commutator bars and better commuta-
tion, as is well known from practical experience. If,
then, multiplex windings, having even more paths in
parallel than the ordinary lap windings, can be safely
used and kept proverly balanced, another step in the
improvement of commutation may be expected. The
advantages to be obtained justify further study and
trial of multiplex windings.

The windings used in practise at the present time
are usually simplex wave, simplex lap, and, occasion-
ally, an eight-pole, duplex wave winding. This is a
very limited assortment.

A number of machines tried in the past with multiplex
windings were not designed properly and armature
cross connections could not be applied suitably. The
desirable condition would be the interconnection of
equipotential points in one individual part of a multi-
plex winding to equipotential pointsin another individ-
ual part of the multiplex winding, and so on. In this
way all the individual parts would be joined together.
In addition, the winding should be so arranged that the
resulting potential distribution on the commutator
would be uniform and the volts per bar would be of a
low value. Arnold has advocated the use of cross
connections and has shown triplex wave windings?
with the cross connections joining equipotential points
of the three individual parts of the winding, which is the
desirable condition. In describing Fig. 12 (reference
7), it is stated that triplex lap windings have been
made with efficient cross connections on one end of the
armature and have operated successfully. Arnold,
however, has not shown duplex lap and triplex lap
windings with simple crossconnections joining theindivi-
dual parts of the winding together. In his early work he
has shown duplex lap windings® so arranged that
equipotential points in the same part of the duplex
windings were joined, thereby giving a potential dis-
tribution on the commutator such that bars in pairs
were at the same potential. This has the same effect
as using half the number of bars and therefore is not
desirable. In his later work, Arnold has shown duplex
lap windings with equalizing rings* both on the front
and back of the windings and with connections from
the front to back joining these rings, thus intercon-
necting the individual parts of the duplex winding.
This method introduces the complication of cross
connections at both front and rear ends of the armature,
and of connectors along the shaft. It would be more
desirable to use the arrangement proposed in this paper,

2. See p. 87, Diec Gliechstrommaschine Arnold—Ila Cour,
Third Edition, 1919, Julius Springer, Berlin.

3.. See p. 177, Die Gleichsirommaschine, Arnold, Second
Edition, 1906, Julius Springer, Berlin.

4. See p. 82, Same reference as 1, and Fig. 14,p.604, Stand-
ard Handhook for Electrical Engineers, Bdition of 1922.
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in which all the cross connections are at the rear end of
the armature.

It is very desirable that multiplex windings be used
where they are successful, since by means of them
d-c. machines can be designed to have as many and as
narrow commutator bars as possible. This results in a
commutator bar in large machines from 3¢ to 3% in.
in width, which is considerably narrower than many n
use. The benefit of the smallest current per circuit as
well as a corresponding improvement in commutation
will thus be obtained.

A preliminary investigation as to the number of
slots and bars and their relations in certain machines
using multiplex windings has been made by the author
in the Electrical Engineering Department of the
Massachusetts Institute of Technology. It is his
wish to duly acknowledge a number of valuable sug-
gestions made by Professor H. B. Dwight of this
department.

The windings used in the figures for purposes of
illustration have been shown as applied to cores with
extremely few slots and should therefore not be con-
sidered as actually, usable windings. This has been
done so as to present clearly the principles which are to
be applied to practical windings. The naming of the
types of windings herein is similar to that used in the
Standard Handbook for Electrical Engineers.

Multiplex windings were proposed in the early
writings on d-c. machines, but little or nothing was said
about cross connections. Where there are four or more
parallel paths through the armature, these are usually
necessary. The cross connections must be made
between points having mathematically the same
voltage, the flux being the same in all poles. This is
provided for in the windings suggested in this paper.

The type of winding proposed is an ordinary multi-
plex winding so arranged that a system of cross con-
nections, all at one end of the armature, can be con-
veniently applied to equipotential points, thereby
joining to one another the individual parts of the
winding® and producing a uniform distribution of
potential on the commutator. These connections
are shown on the diagrams of this article.

The shape of the coils of a duplex lap winding is the
same as that of the coils for a simplex lap winding and
no departure is made from the usual construction. All
the coils for any one machine are of the same size and
shape. The ends of the coils in a duplex lap winding are
connected to bars 1, 3, 5,... .. and so on to all the
odd numbered bars. Another part of the winding
placed in the slots connects to bars 2, 4, 6,.....
and so on to all the even numbered bars. There are
two cases to be considered. In Case I, when the total
number of commutator bars is even, the two parts of the
winding are separate and independent except as they

5. See p. 244, The Dynamo, C. C. Hawkins, Volume I, Sixth
Edition, 1922, Sir Isaac Pitman & Sons, Ltd., London.
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are joined by equipotential or eross connections. A
two-part winding of this type is known as doubly re-
entrant and will be referred to herein as such. It is rep-
resented by the four-pole diagram, Fig. 1, and by the

symbol OO

. In Case II when the number of commutator bars
1s odd and the coil ends are connected to every other bar,
the first part of the winding goes around the armature
and leads into the second part of the winding, which,
after going around the armature, connects to the first

Fi6. 1 (Case 1)~—DurLEx Lap WINDING, DOUBLE RE-ENTRANT

Four poles, 18 slots, 18 bars, 8 paths. Cross connections as shown

Fic. 2 (Case II)—DvprLEX Lar WINDING, SINGLY RE-ENTRANT

Six poles, 27 slots, 27 bars, 12 paths. Cross connections as shown

part, resulting in a continuous winding. This winding
is referred to as singly re-entrant and is represented by

the six-pole diagram, Fig. 2, and by the symbol @

The diagrams show the cross connections joining the
two parts of the duplex lap winding, which is a de-
sirable feature. The commutator potential is shown to
progress fairly uniformly around the commutator,
which is also desirable. To arrange the cross connec-
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tions properly and to secure these results cer-
tain numbers of slots and bars must be used. The
method ol cross connecting,as shown, can be used with
duplex lap windings on the following machines when the
choice of slots and bars is made as indicated in Table A.

TABLE A
DUPLEX LAP WINDINGS
Number| Slots por Total Bars Total | Ro-
of Poles!Pair of Polos| No. Slots | por Slot | No. Bars | entrancy
| .

a. 4| Oddno Kven no. | Odd no. | Kven no. I Double 00
b 6 Odd no Odd no. | Odd no. | Odd no. | Single

c. 8 Odd no. liven no. | Odd no. | ¥ven no. | Double | QO
d. 10 Odd no. 0dd no. | Odd no. | Odd no. Single @
e. 12 | Oddno. | Even no. | Odd no. | Kven no. | Double NoXe)

There may be a cyclical change in the number of
slots per path but this is quite possibly not harmful, for
it occurs with two-circuit windings which operate
successfully. The great improvement in commutating
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F1c. 3 (Case I)~—VoLTs6E DisTRIBUTION DIAGRAM FOR DvurLex
Lar Wixping, DouBLy REENTRANT

Four poles, 18 slots, 18 bars, 8§ paths, (same winding as Fig. 1)

characteristics obtained by having only half as much
current per path to be reversed at one time would seem
to be the important consideration in connection with
this type of winding.

In determining the voltage distribution (see Fig. 3)
th.e developed winding is laid out and a field form as
m.lgh.t naturally be expected is plotted above the
winding. As the voltage in a conductor is proportional
to the flux it cuts, an excellent idea of the voltage dis-
tribution may be secured by summing up the voltages
induced throughout the winding. In doing this, 1t is
assumed that any conductor in a slot generates a voltage
proportional to the flux directly above the center line
of that slot.

Another type of winding is the duplex wave winding
having four paralle] paths through the armature. This
type would give an intermediate step between the sim-
plex wave and the simplex lap winding and although
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the benefits to be derived from the use of this type are
not expected to be as great as those obtained with the
duplex lap winding, certain cases may justify the use of
this type. An eight-pole, duplex wave winding 1s used
rather extensively at the present time and has proven
satisfactory. Such a winding with cross connections
joining equipotential points of the individual parts of
the duplex winding is advocated and shown by Arnold.¢

Cross connections joining the two parts of a duplex
wave winding are possible in certain cases. These
connections should join points having mathematically
the same voltage when all poles have an equal amount of
flux. They can be used on the following machines
when the choice of slots and bars is made as indicated
in Table B. :

TABLE B
DUPLEX WAVE WINDINGS

Number of | Total Bars Total
Poles No. Slots | per Slot | No. Bars Re-entrancy

— - [ . S
f. 8 Even no. | Odd no. | Even no. Single or double ac-
g. 12 Even no. Odd no. Even no. cording to whether
h. 16 Even no. commutator pitch is

Even no. | Odd no. |
! I | odd or even.

Of course these windings must be such that the
commutator pitch, Y, is a whole number where

number of bars + 2
pairs of poles

i

The cross connections in the windings of the above
table will span half the number of poles, or in other
words, they are diametral. When the number of pairs
of poles is odd, such as in the six- or ten-pole machine,
cross connections to equipotential points diametrically
opposite are not possible. This can be explained as
follows: Suppose that the choice of slots is made so that
a point of one part of a duplex winding has a certain
position relative to a pole with one polarity; then a
corresponding point in the other part of the duplex
winding has a position under the influence of a pole of
opposite polarity, a condition which does not lend to
cross connections. It may be possible that six- and ten-
pole, single re-entrant windings of the duplex wave type
would be successful even though they do not have cross
connections.

Triplex windings could be designed on the same basis
as the duplex windings herein described, but only
duplex windings have been treated in this paper, since
they involve the least departure from simplex windings,
and so should be the first to be tried out.

Since the preparation of this article was commenced,
a very interesting paper’ on Iroy Leg Windings by
W. H. Powell and G. M. Albrecht has appeared.
This illustrates the general principles of using amulti-
plex wave winding in the same slots with a lap winding
either simplex or multiplex to a less degree than the

6 See p. 86, Diec Gleichstrommaschine Arnold—Ila Cour,
Third Edition, 1919, Julius Springer, Berlin.

7. P. 345, I'ton and Steel Engineer, September 1925.
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wave winding, so that both windings produce the same
voltage at the brushes and are connected to the same set
of commutator bars. The wave winding connects the
circuits of the lap winding and the lap-wound coils
connect the circuits of the wave winding thereby
producing a thoroughly cross-connected winding. The
name frog leg is used because of the peculiar shape of
the coils which consist of a lap-wound coil and a wave-
wound coil taped together. The advantages obtained
by the authors are. first, better cross connections, and
second, the use of multiplex windings.

In Part III of the above described paper,a triplex
winding with external cross connections as previously
mentioned, and not of the frog leg type, is mentioned as
having been made and operated successfully. If triplex
windings, not of the frog leg type as referred to above,
have been successful, then a duplex winding should also
operate well when the choice of slots has been made
properly and the cross connections applied efficiently
as outlined herein.

It is possible that duplex lap windings with or-
dinary cross connections as shown will give some of the
advantages of the frog leg winding without the com-
plication of having two complete windings in the slots.

ELECTRIC WELDS FOR BUILDING
CONSTRUCTION

A pressure machine capable of applying a load of
10,000,000 1b. was used at the Bureau of Standards in
Washington to determine whether steel girders welded
by electricity can stand stresses necessary in skyscraper
construction, The welds made good. In order to
make the test some steel plates were fabricated by
electric welding into a plate girder 15 ft. long having a
web plate 14 in. thick and 24 in. deep. The flanges were
12 in. wide, one was 134 in. thick and the other 17g
in. thick. A 914-in. cover plate was used on the top
and bottom flanges. Pressure was applied in the
middle of a 131s-ft. span. The web buckled and the
girder had deflected several inches before the electric
welds connecting the web to the top flange failed at the
ends. The welds withstood a load of well over 410
tons which was considered to be the full strength of
the web.

NEW COPPER BEDS DISCOVERED IN
CANADA

According to report received from the American
Consul at St. John, Canada, comparatively high grade
copper ore has been located from recent prospecting
near Elgin, Albert County, New Brunswick, the pre-
liminary examination covering an area of approximately
two square miles. According to official assays the ore
value runs as high as $15 per ton.

Shafts have been sunk over the prospected area and
copper ore discovered in every instance, in most cases
from within 16 inches of the surface and as far down
as diggings were made.



Present Practises in Protection
Annual Report of Committee on Protective Devices'
. €. STONIL. Chairman

To the Board of Directors:

FOREWORD

Because of the many developments during the past
few years within the scope of the Committee on Pro-
tective Devices, it was held desirable to present, this
year, a survey of the present state of the art in the field
of protective devices for power systems, and the follow-
ing annual report has been prepared with this purpose
in view. The Committee has also, during the past
year, given careful attention to the possibilities of
further standardization in the field of protective devices,
and has certain definite recommendations to male.

As heretofore, the work has been carried on by sub-
committees, each under thedirection of its own chairman .
The subjects covered and the chairmen in charge are
as follows:

Automatic Substations. W. H. Millan, Union Elec.
Lt. & Pwr. Co., St. Louis, Missouri.

Current Limiting Reactors. E. A. Hester, Duquesne
Light Company, Pittsburgh, Pa.

Lightneng Arresters. H. Halperin, Commonwealth
Edison Co., Chicago, Illinois.

0l Circuit Breakers. J. M. Oliver, Alabama Power
Company, Birmingham, Alabama.

Protective Relays. J. A. Johnson, Niagara Falls
Power Co., Niagara Falls, New York.

The Subcommittee on Grounding of Systems, which
reported last year, was not continued this year, as it
was felt that it had completed its work, for the time
at least.

Following are some of the more important subjects
dealt with in the report:

Full automatic stations of the. following types are
in successful operation:

Hydroelectric generating stations

Railway substations for city and heavy traction,
as well as interurban service

Edison d-c. substations

Mining and steel mill substations

Alternating-current substations (reclosing breakers)

Synchronous condenser stations.

Mercury arc rectifiers for arc lighting and power

*Committée on Protective Devices:

E. C. Stone, Chairman
F. L. Hunt, Vice-Chairman

W. 8. Edsall, George S. Humphrey, W. H. Millan,

H. Halperin, J. Allen Johnson, J. M. Oliver,

F. C. Hanker, M. G. Lloyd, N. L. Pollard,

S. E. M. Henderson, H. C. Louis, E.J. Rutan,

R. A. Hentz, A. A. Meyer, E. R. Staufracher,
E. A. Hester, H. R. Summerhayes.

Presented at the Annual Convention of the A. I. E. E., al
White Sulphur Springs, W. Va., June 21-25, 1926.

service are now being provided with automatic switch-
ing equipment,

Thorough periodic inspection and maintenance are
essential to the successful operation of automatie
stations.

There is a marked tiend toward the ure of reactors
with insulated conductors, in order to obtain proteetion
from external interfer ence.

Lightning protection on low-voltage circuits (230-115)
in general appears to Le unnecessary. For distribution
circuits up to 6.6 kv., having numerous transformers
connected, satisfactory protection is Leing obtained
from available types of arresters in many cases.

On circuits rated at 73 kv. and kelow, the general
teﬁdency Is to install arresters, usually of the high
discharge rate type. The installation of arresters on
cireuits from 73 kv. to 154 kv. is debatable, but there is
a growing tendency to provide some means to reduce
over-voltages due to lightning. On circuits at 154
kv. and higher, the tendency is to omit lightning
arresters.

The Dufour oscillograph and klydonograph for
measuring transient phenomena are expected greatly to
increase our knowledge of lightningarrester performance
and requirements for lightning protection.

Relative interrupting capacity ratings for oil ecircuit
breakers under various operating duties have been
agreed upon by the N. E. L. A. and Electric Power
Club, and are presented herein.

Progress in the problem of short circuit interruption
is recorded in further short circuit tests on operating
systems, additional testing facilities in manufacturer’s
plants, and improvement in details of design. The
problem still remains one of outstanding importance,
however, and seems far from satisfactory solution.

In relay practise, definite trends are reported as
follows:

a. Integration of entire system into one unit, so
interconnected and relayed that its integrity shall not
be broken by a fault. ’

b. Fault isolation by use of balanced relay systems or
systems responsive to location or specific nature of the
fault.

c. Useof “back-up” protection, in theform of asecond
system of relays to function in case of failure of the
first system.

d. Use of devices for detection of approaching faults
before they actually occur.

The committee has given active attention to the
obtaining of papers for Institute meetings. Reference
1s made herein to a number of important subjects which
should be covered by papers next year.
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AUTOMATIC STATIONS

Survey. A brief survey of the present status of the
automatic station art seems desirable at this time. For
convenience, this survey will be considered under several
pertinent topical headings.

Automatic hydroelectric generating stations have
been the subject of extensive development during the
past three years. Stations containing two 9000-kv-a.
units are now in successful operation, while many
ranging from 100-to 5000-kv-a. are regularly being in-
stalled and operated. Automatic synchronizing has
heen perfected and is now used where large units are
connected to small systems. Governor design has
been improved to meet the rigid requirements of auto-
matic station operation. In fact, practically all small
hydroelectric developments and many moderate sized
ones are now designed for automatic operation and
uniformly successful results are reported.

Railway substations now being purchased are in-
variably automatic with rare exceptions due to local
conditions. They are not only considered standard for
interurhan service but also standard for heavy city
service and electrified portions of steam railroads.
All kinds of service find them economical and reliable
and their use is now being rapidly extended not only by
the installation of new stations but also by the con-
version of existing stations from manual to automatic
operation.

Automatic substations for Edison, three-wire net-
works have now been in successful operation on small
and moderate size systems for over four years. Their
first application to two of the largest systems has just
been-completed. Their success for this class of service
seems assured although more operating experience
is desirable before extensive installations are made on
important projects.

Mining substations now being purchased are all either
completely or partially automatic as individual local
conditions warrant. The various designs offered have
been subjected to operating service for over five
years. As a result the automatic substation is today
considered standard by the electrical profession for the
motor generators and synchronous converters used in
the coal and metal mining industries for electricity
supply.

Steel mills have been the latest industry to adopt
automatic stations. One small installation of partially
automatic-controlled synchronous motor-generators
has been in successful operation over five years.
Another extensive installation of completely auto-
matically-controlled synchronous motor-generators
has been in service almost two years. About eight
additional extensive installations are now in progress so
that it would seem as though steel mill electrical
engineers have started toward adopting automatic
stations as standard for their service.

Automatic feeders for alternating-current supply
constitute by far the largest field for completely auto-
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matic operation. In practical application, the art
is still in an initial state of development. The equip-
ments so far offered have simulated manual practise
with the only improvement of more prompt opera-
tion. Successful a-c. motor-operated mechanisms
are now being applied to the largest oil circuit breakers
thus eliminating solenoids and batteries for reclosing
service. Automatic reclosing relay and oil circuit
breaker combinations are now in operation which
permit clearing transient feeder faults without appre-
ciable service interruption. These so far, however,
have been applied only to moderate sized, relatively
low pressure service, although in one particular case
44,000-volt feeders are being automatically reclosed on
a relatively large capacity power system.

Synchronous condensers for power factor correction
were first made automatic about ten years ago. Only
a few installations have been made but each has been
uniformly successful and the use of this type of auto-
matic switching equipment is spreading with a relative
degree of rapidity.

Mercury arc rectifiers for arc lighting and power
service are now being provided with automatic switch-
ing equipment. The smaller sizes with glass tube
rectifiers have been in service a sufficient length of time
to demonstrate their success. Those for larger units
using metal tanks are just being placed in service so
that next year’s report may contain further data con-
cerning their performance.

Railway signal and automatic train control sub-
stations are the latest addition to the rapidly growing
list of automatic applications. Some of these have been
in successful operation for over three years. Many
are now being installed to furnish power for the opera-
tion of track signals and train control circuits.

Symbols. Symbols for automatic station wiring
diagrams have been attracting increased attention
during the past year. Data which will give the existing
practise are being collected by the subcommittee. It
is then planned to correlate the various symbols, adjust
differences where they exist, and finally prepare a simple,
agreeable set which may be submitted to the Standards
Committee for approval and promulgation.

Nomenclature. Nomenclature for various types of
a-c. reclosing feeders was suggested in the 1925 report.
These suggestions have been before the electrical
engineering public for about a year and no unfavorable
comments havebeen heard or received by the committee.
Instead, it has been found that many of the designers
and purchasers of automatic d-c. feedets have adopted
the proposed nomenclature. It has, therefore, been
presented to the Standards Committee for approval
and inclusion in the A. I. E. E. Standards.

Protection. Recommended protection for railway
and Edison automatic stations with synchronous
converters and synchronous motor generators, as well
as for automatic switching equipment in a-c. feeder
service, was given in the 1925report. Theserecommen-
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dations have been adopted as stundard by the principal
manufacturers and users of these classes of aytomatie
stations. This year there have been developed recom-
mendations for the protection of mining and stee)
mill automatic stations using synchronous converters
and motor generators as well as synchronous condensers
in voltage regulating substations and hydroelectric
generating stations using synchronous generators.
Steel mill substations are quite generally provided
with synchronous motor generators. Some are partial
automatic as when an attendant is constantly on duaty
in the vieinity. Others are completely automatic as
when the stations are non-attended and locked. The
partial automatic stations are similar in design to the
completely automatic ones except that certain protect-
ive and re-starting features are omitted. The items
to be omitted vary from installation to installation so
that it is diflicult at this time to make any complete
recommendation for the partial automatic. For this
year’s report, therefore, consideration will be given
only to the completely automatic synchronous motor-
generators in steel mill service. It is recommended that
these be provided with protective features as follows:
A-c. undervoltage
Severe a-c. overload
Single-phase starting
Excess temperature due to sustained moderate
overload
Imperfect start
Loss of field of a-c. machine
Loss of field of d-c. machine
Reversed phase rotation
D-c. reverse power
Excess bearing temperature
Machine overspeeding
Mine substations are usually equipped with synchro-
nous motor-generators although some stations have
synchronous converters and a few have induction
motor generators, with mercury rectifiers beginning to
be used. The recommended protection for synchro-
nous motor-generators in mine substations is the same
as that for synchronous motor-generators in steel mill
service. Few induction motor-generators are now
being applied and only two or three mercury rectifiers
have been installed in mine service so that recommen-
dations for these are omitted for the time being. For
synchronous converters in mine service it is recom-
mended that protection be given as follows:
A-c. undervoltage
Severe a-c. overload
Single-phase starting
Excess temperature due to sustained moderate
overload
Imperfect start
Loss of field
D-c. overload
Incorrect polarity
D-c. reverse power
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Excess bearing temperature

Overspecding

The protection for automatie hydroelectrie stations
with synchronous generutors and for synchronous con.
denser stations is quite similar.  For synehronous
generators 1n automatic stations, the recommended
protection is as follows:

A-c. undervoltage

Severe u-c. overload

Excess temperuture due to sustained moderate
overload

Single-phase operation

Imperfect start

Loss of a-¢. machine field

Exciter overvoltage

Excess bearing temnperature

Machine overspeeding

Synchronous condensers usually have, in addition, a-c.
undervoltage and single-phase starting protection.
They are usually provided with automatic voltage
regulators so that the exciter overvoltage protection
included for synchronous generators is in that case
omitted.

Storage Batteries. The majority of automatic sta-
tions are not provided with storage batteries. If they
are automatic hydroelectric stations, a small turbine
or waterwheel directly connected to a generator seems
to be the prelerred source of control power. If they
are substations, then the source of power suitably
transformed is used to supply the operating current.

Some designs of automatic stations, particularly those
used for certain classes of Edison service and for all
classes of remote supervision, require relatively small
operating batteries. Practically all types of standard
batteries have been used with an equal measure of
success although some ure better adapted than others
for this service. In general, the batteries are trickle
charged through rectifiers or motor generators. In a
few unusual designs, a motor-generator is provided to
carry the operating load with a battery floated on it for
stand-by purposes.

Oul Cireuit Breakers.  Oil eircuit breakers are used in
automatic stations hetween incoming lines and the
station equipment and between the station equipment
and outgoing lines and feeders. The two applications
require quite different treatment in the selection of the
oll circuit breaker equipment if a maximum of re-
hability is obtained.

When used between the incoming line and the station
equipment, the oil circuit breaker is closed each time the
machine in the station is started and opened each time
it is stopped. Usually such an oil circuit breaker is
operated most frequently to make or break currents less
than its normal continuous current carrying capacity.
However, it may be required to operate from two to one
hundred times each day depending upon the service
conditions.

Oil circuit breakers used between the station equip-
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ment and outgoing feeders are normally closed. They
are opened usually only in case of trouble or to permit
of circuit maintenance. These oil circuit breakers will
consequently operate infrequently. Usvally, however,
when they do operate, they will be called upon to
interrupt currents approximating their circuit inter-
rupting capacity.

In the first case, a so called “one-shot” breaker
suffices if its mechanical parts permit the required fre-
quent operation. In the second case, the circuit in-
terrupting capacity on successive interruptions is the
more important function with the mechanical life of
secondary consideration.

To meet the frequent operating requirements of the
breaker located between the incoming line and the sta-
tion equipment, there have been developed new designs
of universal motor operating mechanisms. Some of
these have been in service in excess of five years.
They eliminate the difficulties experienced with the
older type of operating mechanisms and give a very
much improved automatic station equipment.

For improving the requirement of successive circuit
interruption to clear feeder faults, various schemes have
been approved and are being tried. Double tanks,
slow release of gases, ventilating ducts, and explosion
chambers are all in use with no marked preference
conceded at this time.

Reclosing Cycle. The reclosing cycle used for oil
circuit breakers which protect feeder service in auto-
matic stations varies from application to application.
In one extreme case, each timeafeeder breaker opens, it
is held open until closed from a central operating point;
1. e., 1t 1s closed under the supervision of an operator so
that in case the trouble persists the operator can im-
mediately report the difficulty to a central load dis-
patcher. At the other extreme is the application where
an oil circuit breaker may reclose on a fault five or six
times in rapid succession.

So far as is known by the committee, there are only
two installations where the operation of the breakers is
supervised after each automatic opening and only one
mnstallation where the breakers reclose five or six times
In rapid succession’ on a circuit fault.” By far the
majority of automatic reclosing feeders in alternating-
current service are reclosed two, three, or four times on a
fault before being locked out.

The reclosing cycle having three reclosures before lock
out is almost universally standard. The time intervals,
between reclosures, however, vary between relatively
wide limits. One group of operators, which is rapidly
growing, prefers to havethe breakersreclose immediately
after the first or initial circuit interruption. They want
this time made as short as practicably consistent with
positive relay and oil circuit breaker operation. The
majority of operating companies, however, appear to be
satisfied with a time interval ranging from five to twenty
seconds between the time the breaker opens initially
and the time of the first reclosure. Practically all
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classes of operators are content with automatic re-
closing the second time from fifteen to thirty or forty
seconds after the second circuit breaker opening.
Those who use third and fourth reclosures appear to be
satisfied with a time interval between the second and
third and the third and fourth reclosures of about one
minute each. There are some unusual conditions,
however, where the time intervals between the first
and second reclosure and the second and third re-
closure are even longer, being as much as three minutes
and five minutes respectively, but these are again
unusual.

As a result, it is seen that there is a wide range of
operating adjustments in the automatic reclosing of
alternating current feeder circuits indicating that the
art has not yet become stabilized.

Reiays. Relays of many varieties form the primary
basis on which successful operation of automatic sta-
tions depends. The devices have been the subject
of much study, development and observation in auto-
matic station practise. Relays are used not only for
performing protective functions, but are also used for
controlling operating sequence and as preventatives
against avoidable damage to service and apparatus.

The early designs of automatic stations included
relays which had been developed for use in manual
stations. Gradually, however, most of these have been
replaced by relays or their equivalents specially de-
signed to meet the arduous service and strict regulation
required for automatic station operation. However,
not all of the relays or other similar devices employed in
automatic stations today can be considered perfect.
Service records indicate though, that as a result of relay
development, automatic stations are today equally, if
not more, reliable than the equivalent manual stations.

Inspection. Periodical inspection of automatic sta-
tions is essential to their successful operation. The
frequency and extent of such inspection depends upon
service requirements. Experience indicates that auto-
matic stations provided with rotating machines and
supplying important service should be inspected daily.
Such inspection rarely requires over an hour in the
station after the inspector has become proficient.
For less important service, automatic stations with ro-
tating machines may be inspected weekly while trans-
former stations with reclosing feeders only are in-
spected at even greater intervals. This class of in-
spection serves to detect any tendency for the devices
in the station to change their adjustment or operating
characteristics and prevents unnecessary service
interruptions.

Inspection as thus outlined must not be confused with
periodical maintenance. Quite different personnels are
required for the two sets of functions although where
the automatic stations are small the same staff may
perform both duties.

Most of the systems having several or more auto-
matic stations make it a rule for each inspector to file a
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written report after each inspection of an automatic
station. This report summarizes the work done in the
station together with the observations which have been
made. The reports differ from organization to or-
ganization depending upon local conditions. In general,
however, these reports contain the time and date of the
inspection, together with a list of devices inspected and
comments on any device which requires attention.
In some cases, the reports list the readings of the
counting devices in the station and indicate the number
of operations of the principal functions. Of course,
reports are properly signed and dated and otherwise
identified.

Mawntenance. Periodical maintenance is equally
as important as periodical inspection. The frequency
of maintenance will depend upon the number of
operations the automatic station is called upon to make.
If only six or eight operations a day constitutes the
cycle, thorough examination of the equipment with
such cleaning of contacts and replacing of worn parts as
1s necessary ought to*be made bi-monthly. If several
hundred operations per day is the schedule, then
weekly examination with such maintenance as is needed
is generally recommended.

Maintenance reports are usually prepared on the
moderate size and large systems which use automatic
stations. Their form follows, in general, the inspection
reports mentioned above, except that they may
elaborate on the details of devices which require more
than usual maintenance as well as list the renewal
parts which are installed.

A clear distinction should be made between inspec-
tion and maintenance. One reviews, casually, the
condition of each device or piece of apparatus in the
automatic station. The other should be a minute in-
spection accompanied by such cleaning and adjusting
and replacing of worn parts as the service may require.
Every effort should be made not to confuse these two,
and in many systems the distinction has been drawn
so clearly that inspection is charged to the operating
account while maintenance is charged to the usual
maintenance account.

Records. Records of automatic station performance
are quite necessary for their efficient adjustment and
operation. These records may be divided into two
classes as follows:

1. Records of device and functional performance.

2. Records of station performance.

Device and functional performance records are
usually made chronological and recorded in a log
book kept in the station. Here arelisted the date and
time of the visits of inspectors, maintainers, and others,
with their observations and the adjustments and
changes they may make from time to time in the station
equipment. Brief summaries of the station lo.g may be
prepared and forwarded to a central supervisor from
time to time and from these may be prepared condensed

operating reports.
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Station performance records are usually obtained
automatically by curve drawing or recording instru-
ments and meters. Sometimes the instruments and
meters form a permanent part of the automatic station
equipment. Ofttimes portable curve drawing instru-
ments or meters are used at regular intervals to check
service requirements and station operation. This
portion of the automatic station art is just being devel-
oped and not many definitedata areavailable as a result
of service experience.

Fire Extingwishment. Automatic fire extinguishment
in automatic stations has been considered by the com-
mittee for the past two years. Practically nothing
has been done in automatic stations along this line.
The art of automatic or even partial automatic fire
extinguishment in manual stations is even now just in
the experimental stage. The committee is watching
all installations quite carefully and expects to report
further progress next year.

Remote Supervision. Remote supervision of auto-
matic stations is becoming more and more important.
A number of systems are in the open market and sorhe of
the operating companies have manufactured their own
systems. A general review of the situation was pre-
sented by Mr. Chester Lichtenberg under the auspices
of the Protective Devices Committee at the Midwinter
Convention in New York, February 1926, and reference
is made to his paper for an up-to-date survey of the
situaticn. .

Telemetering. Telemetering i1s just now being de-
veloped particularly for automatic station service.
There are about one-half dozen installations in partial
or complete service, but this, too, is a new development
in the art which will probably serve as the subject of
further comments next year.

Ventilation. Ventilation of automatic stations forms
a very important part of the design of these stations.
In general, automatic stations are smaller than the
equivalent manual stations. Therefore, a less volume
of air is availakle for carrying off the heat generated
in the station. This means that there must be larger
openings provided for the air to enter and leave the
station if the apparatus is to be maintained at a reason-
able temperature. Very thorough studies of this
subject are now keing made by several members of the
Institute and at least one member has promised to
prepare a paper on this important topic for presentation
to the Institute in the near future.

Other Topics. Other topics not yet studied by the
automatic station subcommittee are as follows:

Nomenclature for types of automatic reclosing
a-c. feeders.

Terminology for operations in automatic stations.

Protection against failure of cooling mediums.

Automatic warning of approach of apparatus failure.

Dielectric failure of oil where used as an insulating
or cooling medium.

Loss of oll in transformers.
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CURRENT LIMITING REACTORS

A review of the status of current limiting reactors
in the licht and power industry during the past year
reveals nothing revolutionary either in application or
in manufacture and design. Preceding reports have
indicated a general stabilization of both application
and design practises and these tendencies have become
even stronger. The practise of sectionalizing gener-
ating stations with reactors is on the increase and their
use at other points on the system to localize faults
and reduce short-circuit currents is becoming quite
general.

The practise of insulating the coil conductors is
increasing in popularity, and tests have been made
which show the efficacy of this method of preventing
trouble from external sources.

There is some activity in the development of oil
immersed, steel enclosed reactors, and it is expected
that the next year will show considerable progress.
There has keen one installation of this type of reactor
operating successfully at 66,000 volts for some time.

The mechanical and electrical reliability of reactors
seems to ke quite definitely established in the minds of
operating engineers. Cases of failure due to inherent
weakness continue to occur but with such infrequency
that they may be attributed to accidents of manu-
facture. It is felt that with reasonable care in instal-
lation and inspection for freedom from foreign objects
the reactor may be counted among the most reliable
of electrical equipment. Of the serious tailures which
have occurred recently the greater number may be
attributed to the presence of something foreign to the
reactor.

Out of a total of almost 5000 reactors installed during
the past five years only thirty-seven failures have
keen reported and only a few of these could not be
attributed to something other than defective design or
manufacture. These results were reported by 43
operating companies. Of these 43, 11 reported that no
reactors had been installed during the last five years.

In presenting last year’s report the sukbcommittee
made several recommendations of subjects requiring
Investigation.

The matter of thermal capacity and conductor
cross-section continues to furnish material for discus-
sion. Most operating companies appear to ke speci-
fying a thermal capacity of about five seconds and
require a cross-section having the same carrying ca-
pacity as the cables to which the reactor is connected.
This is a somewhat more liberal allowance than was
usual some years ago where two seconds were allowed
and a smaller cross-section used. It hardly seems
logical to make the reactor the weakest link in the
system and the longer time is the result of the more
general use of the so called “back-up”’ protection.

The two-second idea seems to have grown out of
the fact that this was the maximum allowable time
for relay settings. Should the circuit breaker fail, then
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the reactor was as good a place as any for the short
circuit to burn clear. Now, there is usually at least
one back-up circuit breaker and in the case of extreme
contingency the time may run well above two seconds.

Attention has been given to the matter of providing
reactors with taps and it is the general opinion of the
subcommittee that this is undesirable except in cases of
extreme necessity. It is recognized that occasions will
arise when there is no alternative, as for instance, in
the balancing of feeders, but it is suggested that each
case be made the subject of special treatment. The
manufacturers are willing to supply such reactors on
special order but are unwilling to attempt to make them
a standard product on account of wmanufacturing
diffculties. Finally there is the objection to having
many dissimilar reactors on the system with resulting
chances of confusion.

Under the subject of shielded reactors two general
classifications may be made, first, those having each
individual conductor insulated, and second, those which
are oil immersed and totally enclosed.

The insulated conductor reactor has proven quite
popular and effective and it is predicted that they will
largely replace the bare type on new installations,
especially in generating stations. The number of
failures due to the presence of foreign material is very
likely to show a marked reduction.

There is not a great amount of data available on
oil-immersed, totally enclosed reactors although there
are some in operation. In order that the status of
this type of apparatus may be put before the industry
it is hored to present a paper during the coming
year, covering operating experience and possibilities.

It has been suggested that your subcommittee consider
theuseof current-limiting reactorswith static condensers
to aid in smoothing out surges, to limit the fuse current,
and to increase the capacity of the condenser. Your
subcommittee feels that, since a reactor considered
in this light becomes a part of a specific device, it
should be studied by the committee under whose
jurisdiction static condensers are placed. The function
of this subcommittee is to study the reactor as an
individual piece of apparatus and its effect on the
system as a whole.

There has been much discussion in the past few
years as to whether the use of reactors actually increases
the duty on oil circuit breakers. In the light of recent
developments and tendencies in practise it would
appear that the duty is actually decreased rather than
otherwise. The fact that the installation of reactors
in a great number of cases makes it possible for the oil
circuit breaker to interrupt the short circuit current
is clear indication that the gain in smaller current
over-balances the disadvantage of a possible higher
recovery voltage. :

There are still two schools on the question of the
efficacy of resistance-shunted reactors. The one side
contends that the resistance is quite effective in ab-
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sorbing the surge voltage while the other maintains
that it has no appreciable effect. There are some of
both types in service and a few tests have been made,
but thus far the results have not been very conclusive.
It is hoped that with the assistance of the Dufour
oscillograph and the Kklydonograph, deseribed in
another section ol this report, some definite settlement
of the question may be obtained. A paper covering
operating experiences with the two types is also
recommended.

Some trouble has been experienced because of ecir-
culating currents in two-winding reactors due to
unbalance in windings. Consideration of this brought
out the fact that it is purely a manufacturing problem
and therefore the concern of the particular manufac-
turer and the user experiencing the difficulty.

The effect of reactors on nearby magnetic materials
has been mentioned as a subject for investigation.
Your subcommittee is of the opinion that this is a fairly
definite thing and that it has been well taken care of
by the manufacturers in the printed specifications
covering each type of reactor. Special cases must be
subject to special attention by the manufacturer.

The arrangement of single-phase reactors on three-
phase circuits and the position of the reactor with
relation to the oil circuit breaker is sometimes brought
up for discussion. This, however, is so often subject
to local conditions that no set rules can be laid down
with reference to physical arrangement. Obviously,
the reactor must be between the source of power and
the circuit breaker whose duty is to be limited but
this again is subject to a great many variable factors
and no standard can be applied.

The problem of standardization in reactors is a
rather difficult one as is obvious from the foregoing
considerations.. Something may possibly be done
on thermal capacity and conductor cross-section and
your subcommittee is now considering this with the
manufacturers.

The wide variety of reactance values and current
ratings now in use 1s rather astonishing and it is sug-
gested that the succeeding subcommittee look into the
possibility of reducing these to some standard basis.
It would seem feasible to standardize certain sizes
with respect to current, voltage, and reactance values,
as has been done with other types of equipment.

In reviewing papers which have been presented
during the past few years a few points were found to be
rather incompletely covered. This suggests the de-
sirability of a few additional papers and the following
are recommended:

1. Status and Operating Experience on Oil Im-
mersed Reactors.

2. Effect of Shunting Resistance in Reducing
Surge Voltages.

3. Further Operating Experience with Insulated
Conductor Reactors.
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LIGHTNING ARRESTERS

General. 1n general, during the past yeur there have
been no radical changes in the fundamental principles
of lightning arrester design, and the efforts of manu-
facturers and operating companies have been directed
mainly to increase in reliability of the arrester and
economy in its use. One modilication is the develop-
ment by a manufacturer of a liquid type of arrester
with an electrolyte, which is claimed Lo have a freezing
temperature of about minus 48 deg. cent.; this develop-
ment has been also accompanied by some changes in the
construction of the arrester. Other recent develop-
ments have been more in the nature of increased rugged-
ness, additional refinements, and increased attention to
special features imposed by operating conditions. The
general tendency is to install arresters outdoors
wherever possible.

For high-voltage networks, it has been found that the
transient overvoltages which appear on the high-ten-
sion side of a transformer may also be induced on the
low-tension side (and lines connected thereto) by
means of electrostatiec induction. This effect varies
with the physical dimensions of the transformers, and
there have been cases for transformers of large dimen-
sions, that the induced voltage on the low tension side
has been high as compared with normal overvoltages
on that side; therefore, it appears that some considera-
tion must be given to reducing such voltages.

Development and Practise. The A. 1. E. E. Stand-
ards state that “a lightning arrester is a device for
protecting circuits and apparatus against lightning or
other abnormal potential rises of short duration.”
In operation the device must shunt or divert the
transient current in a sufficient amount so that the
resulting rise in the voltage will not be above what the
apparatus will withstand. Since maximum shunting
occurs when the impedance of the circuit is zero, it is
evident that the most effective protection during the
transient over-voltage will be secured when the im-
pedance of the arrester and its connections to the
ground 1s minimum.

The earliest efforts in overvoltage protection con-
sisted in providing air-gaps connected between line and
ground and so arranged that when the transient voltage
appeared, the gap would break down and practically
connect the circuit directly to earth. Usually the are
through the arrester would not break until the genera-
tor voltage and resulting system voltage became quite
low. Neglecting the effect of the voltage fluctuation,
this might have been satisfactory on some of the small
systems, especially some years ago when generators of
high impedance were used; but with the larger systems
which have generators with lower impedance, the arc
would be maintained and furthermore there was the
possibility of accompanying high voltages due to what
was in effect an arcing ground. The operating difficul-
ties were so great that later some impedance, usually
resistance, was introduced in the connection to ground
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in order to facilitate the breaking of the arc; but this
reduced the efficiency of the arrester as a protective
device.

The operation of systems with inadequate protection
was found to be impractical on account of many inter-
ruptions of the service, and, as the art developed and the
customer grew to place more and more dependence upon
continuity of electric power supply, greater and greater
efforts were exerted by the operating companies to
eliminate interruptions and large voltage fluctuations.
The persistance of this demand led to the development
of arresters with characteristics which provided a com-
paratively free path for flow of surge current at volt-
ages above the operating voltage, but which did not
permit current in detrimental amounts to flow, except
during overvoltage. This important characteristic
has been descrited as an “electric valve action’” and
arresters of these characteristics are known as ‘‘valve
type’’ arresters.

The earliest of these was the electrolytic arrester,
which, after some modification made through service
experience, had very good protection characteristics.
It had certain mechanical disadvantages, such as the
use of oil and the use of an electrolyte which froze,
and made the arrester practically inoperative at
very low temperatures. There was some expense to
operating these arresters on account of the periodic
maintenance and daily charging during the warm
weather, and, if the arrester was remotely located, then
the expense became considerable.

There is now almost a universal agreement that for a
high degree of protection a lightning arrester should have
ahigh dischargerate, ashortdielectric spark lag, and the
ability to interrupt the dynamic current. Thisisborne
out by theoretical considerations which have been pre-
sented on several occasions and tests and operating data
reported by manufacturing and operating companies.

According to Peek,! “an induced stroke of lightning
may produce a voltage on an overhead line equal to
about 100 kv. per foot of elevation of the wires above
ground. In the average case, thisfactor has been found
to be 30 kv. per foot.” On the low voltage lines, the
line insulation is a smaller portion of the probable usual
voltage induced by lightning than it is for the high volt-
age lines, for instance, on a 220-kv. line without a
ground wire, the ratio of the usual highest lightning
voltage to the insulator spark over voltage is about
1.1 while the corresponding ratio for a similarly designed
70-kv. line would be over two and for still lower volt-
ages, this ratio would become larger. Direct strokes of
still greater severity may be expected occasionally.

The present practise is approximately as follows:

1. Low-Vollage Circuits. Due to the fact that on
such systems lightning arresters are spaced rather
closely, a high individual discharge rate is not as es-

1. Address by F. W. Peek, Jr., at meetling of N. E. L. A,
Overhead Systems Committee, ebruary 11, 1926, Kansas City,
Missouri.
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sential for low-voltage circuits as for high-voltage lines.
A variety of arresters are being used with comparative
success, and among other factors the simplicity of de-
sign is of considerable importance.

Experience on one system has shown that where the
wires of low-voltage secondaries are placed directly
under the wires of higher-voltage primaries, say rated
at four kv. and the length of the secondaries are not,
more than about 600 feet, it has been found unneces-

sary to place arresters on secondaries when the primary

wires are well protected from lightning by means of
arresters connected to them. In the experience on
another system it has been found that secondaries under
1000 feet in length, whether under protected primaries
or not, do not require arresters. Theoretically, there is
some question as to the degree of protection offered to
secondaries by protected overstrung primaries, but
there is no doubt that the general practise of grounding
one secondary wire affords effective protection to the
secondary circuit. Where the length of the secondaries
is longer and there are no wires above them to protect
them, it has appeared necessary to put arresters on the
secondaries in order to obtain protection from lightning.

2. High-Voltage Circuits (0.6 to 154 Kv.). On high-
voltage circuits, the lightning arresters are usually
spaced a great distance apart so that the individual
arrester, to be of any value, should have a large dis-
charge rate which limits to a few types the number of ar-
resters suitable for this purpose. The general tendency
is to install arresters on circuits rated at 73 kv. and less.
The installation of arresters on circuits from 73 kv.
to 154 kv. seems to be debatable, but there is a growing
tendency among engineers to provide some means to
diminish the over-voltages due to lightning. This is
done by either the rearrangement of the phase wires
into a horizontal configuration in order to diminish the
value of the induced voltage from lightning, or by the
use of the ground wires to further reduce the induced
voltage, or both, and also by the use of lightning ar-
resters in order to protect the apparatus and circuits.

3. Extra High-Voltage Lines. There is a tendency
to omit lightning arresters from lines operating at 154
kv. and higher, the main argument being that the line
insulation is able to withstand the induced over-voltages
and the direct strokes of lightning cannot be handled
effectively by existing arresters.

As no arrester will insure an absolute protection
against a direct stroke of lightning, a certain amount of
damage to existing equipment is to be expected, its
amount being dependent upon the degree of protection
provided by a given installation of arresters. The
installation of arresters by operating companies has
been shown by Roper, Atherton, and others to be war-
ranted only on a basis of the improvement and re-
liability of service to the customer, as the cost of in-
stalling and operating an arrester is many times the
revenue that would be lost by the operating com-
panies during the time of interruptions.
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The degree of protection to be selected for each case
depends primarily on the economic considerations, and
the problem can be treated in a manner similar to that
described in an article by A. 1.. Atherton?® As an
example, the Commonwealth Edison Company has
found for business and residential sections with a high
density of load, that on its 4000-volt distribution system,
there is slight advantage in having more than 135 ar-
resters per square mile. The less expensive line types of
arresters are used on the lower voltages, except on im-
portant installations where the larger station type is
installed. Above 50 kv., only the station type ar-
resters are used.

NEwW DEVICES

The outstanding recent event in the field of lightning
arresters has been the application in this country of two
excellent tools for investigations, that is, the Dufour
cathode ray oscillograph and the klydonograph.

The Dufour oscillograph, which is essentially a
laboratory instrument, was constructed in Europe
several years ago, but it was not used in this country
until recently. It will make records of voltage or cur-
rent transients of a very much shorter duration than is
possible by the ordinary vibrating type of oscillograph.
(For further details see Appendix 1.) In the work of
the subcommittee in the past few years, the measure-
ment of the voltage-time curve (see JOURNAL of
A. 1. E. E,, June 1924, p. 575) was recommended as a
basis of comparing various lightning arresters. Until
recent time, there have been no facilities available to
determine this curve experimentally, but now this can
be done with the Dufour oscillograph. This apparatus
also affords a means of determining the relative time lag
of insulations which is also important in the study of
lightning protection.

The klydonograph makes it possible to obtain records
of transient voltages as they appear on the systems.
It makes a record which gives a direct indication of the
polarity and the approximate magnitude of the over-
voltage and an approximate indication of the wave
front of the surge. (Further details are given in
Appendix II.)

Both of these devices will give more definite informa-
tion as to the nature of the surges due to lightning and
other sources, and also determine the effect of lightning
arresters on reducing the surges.

FURTHER WORK

Some further work to be done is as follows:

1. Standardization of technique for using lightning
generators for testing lightning arresters.

2. Determination of voltage-time characteristics
of lightning arresters, including rate of discharge and
the dielectric spark lag.

3. Statistical data of operating experience on high
voltage lines, especially those ranging above about

2., Lightning Arrester Application from the Economics Stand-
point, A. L. Atherton, Traxs. A. I. E. E., 1924, page 581.
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78-kv., should he gathered and correlated for systems
whieh have one or more ol the following conditions
that aflect the amount of the over voltages due to
lightning and the methods of coping with these voltages:
a. Wires of a given line in a horizontal
arrangement.
b. Wiresin other configurations.
c. Lines with and without arresters.
d. Line protected by ground wires (See Peek’s?
article,
e. Lines constructed so that corona acts as
lightning arrester.

DUFour CATHODE-RAY OSCILLOGRAPH

For the first time in the history of the art of light-
ning arrester protection it is possible to secure oscillo-
grams showing the voltage, current, and time relations
of an electrical transient which may occupy a time of
1/100,000,000 of a second or less. This achievement
has been made possible through the application of the
Dufour cathode-ray oscillograph® to the measurement
of transient phenomena encountered in the art of
lightning protection.

This oscillograph makes use of a team of electrons
moving at high velocities which produce a .photo-
graphic impression by impinging directly on the
photographic film located inside of the vacuum chamker.
Since such a beam of electrons can ke deflected by both
electrical and magnetic fields, it is possible to take
volt-ampere curves of any device operating on a
transient by super-imposing on the electron stream
two fields at right angles, one proportional to the current
and the other proportional to the voltage. Such
curves may ke taken in a millionth of a second and give
information on the operating characteristics of ap-
paratus subjected to transients which has not been
obtainable in the past.

If the volt-time or current-time curves are desired,
it s necessary to supply time axis usually perpendicular
to the direction of deflection of the transient. For
very slow speeds this may be conveneintly done by the
use of a moving film. For high speeds the moving
film is impracticable Lecause of the tremendous per-
ipheral velocities involved; therefore, means are pro-
vided to move the electron stream at a uniform rate
across the stationery photographic film. This is done
by the use of a magnetic field whose change of intensity
Is suitably controlled. The upper limit of velocity,
which is about 34 miles per second, is reached because
of the increasing difficulty in timing the unknown
transient 50 as to get the record on the films while the
spot moving at the 34 miles per second rate is tra-

3. Lightning and Other Transienis on Transmission Lines,
F. W. Peek, Jr., JournaL A. I. E. E., August 1924, page 697.

4. The Corona as Lighining Arrester, J. 3. Whitehead.
JourxaL A. 1. E. E., Octoher 1924, page 914.

5. Studies of Time Lag of N eedle Gaps, K. B. MeEachron and
E.J. Wade, Jour~aL A. I. E. E., January 1926, page 46.
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versing a film four in. by five in. in size. The timing
accuracy obtained in usual operation is 50 microseconds.

For phenomena which takes place in 50 microseconds
or less, the time scale must be greatly magnified, which
is accomplished by the substitution of a high-frequency
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field at right angles to the direction of deflection of the
unknown transient. Thus the time taken to cross the
film is determined by the frequency of the source and
films have been taken using a frequency of 1,000,000
cycles, the time to cross the film keing 1/2,000,000 of
a second. :

Frequently it is desirable to draw out the high
frequency wave so as to render the results more intel-
ligible, thus giving a zero line which may be many feet
in length on the four in. by five in. film. This is
accomplished by applying a uniform time motion
perpendicular to the motion of the high frequency
timing wave. The transient being studied also pro-

& Yiopoo Sec = 555 mm (%)

10,000 ~ —

Fig.2

duces its motion in the same direction as that of the
_uniform time motion but is usually very fast in
comparison.

To show the use of this oscillograph of measuring
transient phenomena, a series of films have been
prepared of which four of the most typical films are
shown here. A surge generator, similar to that used
by Peek®, was used to send current impulse of known
characteristics through non-inductive resistance across

6. The Effect of Transient Vollages on Diclectrics, . W. Peek,
Jr.,, Trans. A, 1. K. K., Vol. XXXIV, 1925, page 1857.
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a part of which were connected the leads of the oscillo-
graph. With such an arrangement, the voltage im-
pulse across the -oscillograph leads will be exactly
similar in shape to the current surge in the main cir-
cuit. The first two films were taken on the same wave
front. The first film (Fig. 1) shows the limit of speed
of the ordinary Duddell or Blondel oscillograph. The
second film (Fig. 2) shows the cathode-ray oscillogram
of the same transient and the same 10,000 cycle wave,
the time being such that 1/10,000 of a second equals
55 mm. It should be noticed that no distortion ap-

f‘ -Wave Front

! 50 K.C.Timing Oscillation

— %a,odg Sec.=/600 mm (5#' |
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pears in the transient voltage wave such as found in
the first film due. to inertia effect of the ordinary
oscillograph.

Fig. 4

The second group of films shows the use of the high-
frequency timing wave and the uniform sweeping
motion combined; they were taken on the same tran-
sient. The first of the group (Fig. 8) used the 50,000
cycle timing wave, which represents a multiplying
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factor of 1600 compared with that of Fig. 2. W hen
taking the oscillograms shown in Fig. 4, the timing
[requency was increased to 300,000 eycles and now it
is possible to gel an accurate picture of the wave front
itself. The transients shown on Figs. 8 and 4 can be
replotted on rectangular co-ordinates to eliminate
the distortion eflect of the timing oscillation on the
shape of the wave front; however, such error is usually
so small that it is not necessary. It will be noticed
that there are high-frequency oscillations on the wave
front of the main impulse which are due to reflections
in the connecting leads between the oscillograph
and the impulse circuit. However, in order to measure
these high-frequency oscillations on the wave front,
a timing frequency of 1,000,000 cycles would be neces-
sary and for such conditions, the time required to tra-
verse the film once is but 1/2,000,000 of a second. The
oscillations on the wave front are of the order of 100,-
000,000 cycles and with such timing frequency, it is
possible to get some idea of the wave shape of some of
these oscillations. With Dufour oscillograph a mag-
nification of 30,000 times that obtained with the or-
dinary oscillograph is possible without disturbing
inertia effects.

As may be readily appreciated, from a study of these
films, this oscillograph is destined to be of tremendous
value in the study of transient phenomena since it is
now possible to depict accurately the operating charac-
teristics of any device under the action of an impulse.
Studies which are being made will lead to a determina-
tion of the characteristics of all kinds of protection
equipment, will give information concerning the break-
down of insulation with very short times of application,
and will determine the nature of the overvoltages which
appear on transmission and distribution systems.

KLYDONOGRAFH

The klydonograph’ developed by J. F. Peters is a
surge recorder which utilizes the principle of the Lich-
tenburg figures. When a voltage impulse is impressed
on a terminal in contact with the emulsion of a photo-
graphic plate between it and a grounded metallic plate,
upon development of the photographic plate there will
be a figure which by its size indicates the magnitude
of the voltage impressed and by its appearance indicates
the nature of the voltage, that is, polarity and the ap-
proximate steepness of wave front. This instrument
lends itself readily to application where a continuous
graphic record of transient voltages is desired.

Uses. 1. The use to which the klydonograph is
best adapted is the recording of surges on transmission
lines. Since the range of voltages which may be
applied directly to the klydonograph is from 2 kv. to
20 kv. in order to apply it to high voltage lines, a po-
tentiometer, or multiplier, is necessary. This may be

7. Klydonograph and Its Application lo Surge Investigalions,
J. H. Cox and J. W. Legg, Jour~naL A" 1. E. E., October 1925,

page 1094.
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conveniently accomplished by taking the klydonograph
potlential from the middle plate of two suitably adjusted
air condensers connected between the high tension

conduetor and ground.

2. A klydonograph connected as above to give the
nature of the surge, and another connected to measure
the voltage across a non-inductive resistance inserted in
the ground lead of a lightning arrester will give the
discharge current of the arrester and the nature of
the surge which caused it.

3. The klydonograph may be used to measure
indirectly the abruptness of a disturbance. To do this
on a transmission line the instrument is connected to
measure the voltage induced in an antenna loop.
In the laboratory, the klydonograph is connected to
measure the potentials across a non-inductive resist-
ance and a concentrated |nductance. From these
the frequency of the disturbance may be calculated.

4. By the speed of propagation of the figures on the
plate it is possible to measure time intervals of the order
10 of second. Thus it can be used to estimate the
time lags of spark gaps, insulators, etc.

5. Finally, the klydonograph lends convenience to
all measurements where heretofore spark gaps have
been used. This is for the reason that the klydono-
graph will indicate the correct voltage with one trial,
while a spark gap indicates only minimum values.

Results. 1. Extended field tests have added to
information on the magnitudes of surges duetolightning
switching, arcing ground, ete. On three 120- and 140-
kv. systems, three direct strokes of more than 1,000 kv.
crest value were recorded in one season. Induced
lightning up to 650 kv. was recorded ona 140-kv. system
and exceeding 400 kv. on a 66-kv. line. In general
they were single impulses, and the few oscillatory
records were highly damped. The latter were probably
line oscillations. On a 120-kv. system switching
surges with a maximum voltage to ground of 390 kv.
were recorded, and were rarely oscillatory.

Fig. 5 shows a section of film taken during an actual
test on a transmission line.

OIL CIRCUIT BREAKERS, SWITCHES, AND FUSES

Papers. In 1918, at the Midwinter Convention of
the A. 1. E. E., Messrs. Hewlett, Mahoney, and Burn-
ham presented a paper on The Rating and Selection
of Ol Circuit Breakers. Since then much additional
experience has been gained in the design and operation
of o1l circuit breakers. Factory and field tests have
been conducted, methods of determining short-circuit
current have received further attention, and new
decrement curves have been prepared. Preparation
of another paper bringing this information up-to-date
is very desirable. The three larger manufacturers of
oil circuit breakers have under consideration the prep-
aration of such a paper and it is hoped that this paper
will be available within the next year.

Standardization. Revised sections of the A. I. E. E.
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Standards dealing with Oil Circuit Breakers (number
19) and Disconnecting and Horn Gap Switches (number
22) were adopted in June 1925 and are now available.
The revised Standards cover these subjects more
completely than ever.

As a result of its work during the present committee
year, the Protective Devices Committee recommends
the following additions to the above mentioned section
of the Standards for Oil Circuit Breakers:

a. Rule No.19-102. Add to present rule—“By rated
voltage is meant the voltage from line to line as dis-
tinguished from line to neutral.”

b. Rule No. 19-104. Add to present rule—“By
normal voltage is meant line to line voltage as dis-
tinguished from to neutral.”

c. In referring to interrupting capacity ratings, the
term ‘“arc amperes’ is often used, and should be de-

" fined as—“Ther. m. s. value of the current taken during
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the first half cycle of arc between contacts during the
opening stroke.”

Definitions of Normal (or Working) Voltage, Nor-
mal (or Working) Current, and Interrupting (or Re-
covery) Voltage should be adopted by the A. I. E. E.
A tentative definition of Recovery Voltage, not ap-
proved by the Protective Devices Committee, is given
here as a matter of interest:

Recovery Voltage is defined as the maximum peak value,
measured from normal zero, of the voltage divided by +/2 which
may occur on the live side of the breaker after the interruption
of the arc and before normal voltage conditions are restored,

Attention is called to the following typographical
errors in the revised Standards, Sections 19 and 22:

19-63—use ‘““Isolating” instead of “Isolated.”

22-55—use ‘““Disconnecting” instead of
connection.”

22-59—-second line
cuit breaker.”

“Dis-

incorrect reference to “‘oil cir-
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22.155—second line—incorrect reference to ‘“oil
circuit breaker.”

Future revisions of the A. I. E. E. Standards should
take into account the factors which determine the in-
terrupting duty which may be imposed upon oil circuit
breakers. .No reference to these factors, or so called
“Prescribed Conditions,” is made in the revised Stand-
ards; however, the available fund of information upon
this subject is limited and much further study will be
necessary before definite recommendations can be
agreed upon. Factory and field tests should materi-
ally assist in clearing up this matter. Particular at-
tention is called to a paper by Mr. E. C. Stone on The
0il Circuit Breaker Situation from an Operator’s
View Point, presented at the Annual Convention of
the A. I. E. E. at Saratoga Springs in June 1925 (see
A. 1. E. E. JourNAL, July 1925, page 756). In this
paper some of the factors affecting current to be inter-
rupted and recovery voltage are set forth and discussed.

Standardization of interrupting ratings has progressed
to the point where definité recommendations have
been made for uniform standard interrupting capacity
ratings. The recommended steps of rating, based on
the standard operating duty (2-OCO), for power house
indoor oil circuit breakers at 15,000 volts and below
are given in the following tabulation:

Arc Amperes Rated Volts Arc Kv-a.
2,500 4,500 20,000
2,000 7,500 25,000

- 1,500 15,000 40,000
2,500 15,000 65,000
3,500 15,000 90,000
5,000 15,000 125,000
7,000 15,000 175,000

10,000 15,000 250,000

14,000 15,000 350,000

20,000 15,000 500,000

30,000 15,000 750,000

40,000 15,000 1,000,000

60,000 15,000 1,500,000

100,000 15,000 2,500,000

Definite progress is being made toward recommen-
dations of standard steps of interrupting rating on oil
circuit breakers rated from 15,000 to 220,000 volts.
Standardization of this kind, it is believed, will ma-
terially reduce the present extensive lines of breakers
and great variety of interrupting capacity and voltage
ratings which manufacturers are forced to carry,

‘ultimately leading to reduction in oil circuit breaker

costs.

Progress is being made toward recommendations of
definition of high-voltage fuse ratings. Steps have also
been taken for preparation of a uniform test procedure
for testing the interrupting rating of high-voltage fuses,
similar to the procedure recently prepared for testing
oil circuit breakers.

Research is under way for the determination of rela-
tive accuracy of current transformers and shunts to be
used in connection with oscillographic records of short
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circuit tests; results and recommendations will probably
be available within another year.

Interrupting Capacity Ratings. The following rela-
tive interrupting capacity ratings for oil circuit breakers
have been approved by the N. E. L. A. and the Electric
Power Club:

2. One-unit operating duty . . 100 per cent to 125 per cont
Rating varies between limits given with de-
sign of breaker.

b. Two-unit operaling duty, two-minute interval

(Standard operating duty). ... ... 100 per cent

¢. Four-unit operating duty, two-minute in-

tervals. .. . . e S 70 per cent
d. Four-unit operating duty, one-hall minute

intervals. .. .. 60 per cent

e. TFour-unit operating duty, no time intervals. . .
f. 300-unit operating duty, 15-minute intervals.
g. Four-unit operating duty, sucecessive intervals
of 0, 30, 75 seconds . . P R
h. Iour-unit operating duty, successive intervals
of 15, 30, 75 seconds. ... ... .. .
i.  Three-unit operating duty, one-minute in-
tervals............... ..... 170 per cent
1. With reference to operating duties (d), (e), (g) and (h),
while there are no known limitations which prevent the general
application of these operating cycles to all oil circuit breakers,
still in view of lack of operating experience and possible hazard,
it is recommended that these operating cycles be confined to
breakers having interrupting rating on operating cyecle (b) of not
over 250,000 kv-a. and having voltage ratings of 37,000 and
lower.
2. Zero means no time delay between full open position and
start of closing.
3. The present factor which the operators are using for
operating duty (e) is 30 per eent, but it is the opinion of the
Power Club that 25 per cent is more suitable.

25 per cent
30 per cent

30 per cent
40 per cent

In the above tabulation a unit operating cycle is
understood to consist of a closing of the circuit breaker
followed immediately by its opening without purposely
delayed action.

Oul Circust Breaker Tests. High capacity testing
facilities are now available at the plants of two large
manufacturing companies. Plans are also under way
for several operating companies to undertake a series of
cooperative oil circuit breaker tests, interchanging results
among the companies participating, all tests to be made
according to recommendations of the uniform test
procedure. It is believed that much valuable data as to
oil circuit breaker performance, and conditions affecting
interrupting duty, will be secured from such tests.

General. Improvements in the details of design have
been made by the various manufacturers who are
continuing the development of their oil circuit breakers
on the basis of different design features as follows:

High-speed contacts,

Explosion chambers,

Multiple contacts in series,

Resistance introduced into breaker circuit to reduce
energy released by arc in the breaker,

Various methods of relieving gas pressure.

Armored, or metal clad, switch gear which has been
used extensively in Great Britain and Continental
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Europe has been introduced in this country. The unit
ol metal clad switech gear is the three-phase circuit
breaker with mountings and all auxiharies. TSach unit
contains, within itself, the main oil breaker, bus bars,
disconnecting devices, mstrument transformers, cable
potheads, and necessary minor features. All of the live
conductors involved in this assembly are either im-
mersed in oil or solidly imbedded in insulating com-
pound and the whole is enclosed within grounded metal
casings which form the exterior covering. Discon-
nection is provided by withdrawal, in a horizontal
direction, of the carriage type oil circuit breaker.

The field of truck mounted breakers has heen ex-
tended and high interrupting capacity outdoor hreakers,
up to circuit voltages of 154,000, are now heing built
with this type of mounting.

Working toward a better interchangeability of breakers
of the smaller indoor type, single-pole elements are now
being mounted on trucks and arranged for installation
in a uniformly constructed steel housing; this will
serve in place of the usual cell construction and will
allow a more liberal interchange of elements and, be-
cause of the single- rather than triple-pole element,
will permit a smaller stock of spare units to be carried.
Each element may be controlled by a separate protec-
tive relay, allowing one pole to trip while the other two
remain closed, continuing a single-phase supply over the
circuit which the switch controls.

Another step toward universality is being made by
one manufacturer who is arranging to build certain high-
voltage breakers with provision for interchanging
manual, solenoid, and motor operating mechanisms.

The application of motor mechanisms has been con-
siderably widened to cover a greater number of breaker
capacities and to meet a larger diversity in control
circuits as to a-c. voltage, and frequency, and varying
d-¢. voltage.

Another manufacturer employs high-speed arcing
contacts in high-voltage oil breakers. In the 110,000-,
132,000-, and 187,000-volt breakers the arcing contacts
are of the high-speed hayonet type. A cam in the
guide mechanism of the arcing contacts provides for a
straight line motion of the arcing contact lateh until
the main contacts have parted a pre-determined dis-
tance, when the cam releases the arcing tips from the
latch of the moving contacts. The release of the areing
tip is followed by a quick return to the normal position.
The 25,000-, 37,000-, 50,000- and 73,000-volt breakers
employ finger type high speed arcing contacts. The
main contacts open at a moderate speed and when they
reach a pre-determined separation, the arcing contacts
are released at a high rate of speed. The contact parts
are so arranged as to take advantage of the magnetic
blow-out action of the current-carrying loop of the
breaker. Another class of breakers, used for central
station service, employs the double tank feature, the
purpose being to prevent oil throwing and to provide
additional assurance that a tank will not be burned
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through. Breakers with interrupting ratings up to
1,500,000 kv-a., of the indoor type, are being provided
with the resilient double tank and also each pole unit
is designed in two sections so as to reduce the area which
might be exposed to high gas pressures.

The multiple series break principle for 4, 6, 8, and 10
breaks is being employed on breakers from 15,000 to
220,000 volts.

Considerable interest has been manifested by a
number of companies in the interrupting capacity of
both high- and low-voltage fuses. Several companies
have tested fuses in the 250- to 600-volt class.

In one series of tests on open-link fuses in sizes from
100 to 1000 amperes, with the fuses both initially hot
and cold prior to test, it was found that in every case
the fuse operation was selective between two fuses of
adjacent current rating, the two fuses being in series
for each individual test.

A series of tests conducted on renewable and one-time
enclosed cartridge fuses indicated that the rupturing
capacity of the fuse is largely a function of the length
of the fuse element and the volume of the cartridge
fuse case. The time for interrupting a circuit was
found to be very selective between fuses of different
sizes. The melting time of the fuse was a direct
function of the thermal capacity of the element and
inversely to the heating effect of the short-circuit
current.

Tests have been made by a number of companies on
high-voltage fuses for protection of transformer banks,
sectionalizing lines, and similar service. Standards
have been fairly well established on the liquid types of
fuses. On the open link expulsion type fuses, a wide
variety of results has been secured.

PROTECTIVE RELAYS

In view of the recent publication of the Relay Hand-
book, this year’s report of the relay subcommittee
consists principally of a resumé and analysis of the pres-
ent status and trend of protective relay practise.

As the publication of the Relay Handbook has given
to the industry a comprehensive picture of the relay
art m detail, this report will refer in detail only to
developments which have occurred since the Handbook
went to press, and only generally to developments
occuring prior to that date.

Present State of Protective Relay Practise. A “relay”
in the electrical art is an automatic device whose func-
tion is to receive information and initiate action in
response thereto. It is estimated that the total number
of types of such devices used in the electric power and
telephone industries alone is in excess of 60,000. How-
ever, this subcommittee, being a branch of the Com-
mittee on Protective Devices, deals primarily with
relays for the protection of power circuits and ap-
paratus. The function of the relay as a protective
device is to receive information of some abnormal
condition and initiate action to correct the abnormal

PRESENT PRACTISES IN PROTECTION

1111

condition, or to disconnect the apparatus or circuit
involved, from the source of energy.

Probably the oldest form of protection in use on
electrical circuits is the fuse. From this developed the
so called “overload” relays designed to act in response
to excessive flow of current. At first these acted
instantaneously, but as power systems, protected by
“overload” relays, grew in magnitude and complica-
tion, it became necessary to differentiate between relays -
in different parts of the circuit by introducing the
element of time. We therefore have today, as our
fundamental system of protection against faults
producing abnormal currents, a system depending on
overcurrent relays with differing time adjustments, such
time adjustment, in general, becoming longer the closer
the generating station is approached. Thishasresulted,
with the enormous and complicated power networks now
existing, in the appearance of various limitations to the
use of this system, due to the fact that the time differ-
entials between relay settings cannot be reduced below
a certain minimum on account of the inherent time
required for relays and circuit breaking devices to
function.

To meet this objection, a second general system of
protection against abnormal current producing faults
has developed, based upon the principle of balancing
out of relay circuits all current except the fault current,
thereby causing the protective relays to function in
response to the fault current alone.

This general idea has crystallized in the system of
protecting individual pieces of apparatus by balancing
out of the relay circuits all current except that resulting
from a fault within the particular piece of apparatus.
There are two methods of applying this principle,
first, by means of a series differential connection in
which the two ends of a circuit are balanced against
each other, and second, a parallel differential system
which may be used where a circuit consists of parallel
paths which may be balanced against each other.

In addition to systems of protection using current
alone, we have a number of systems which depend
upon the use of both current and voltage. Some of
these systems, such as directional ground relaying
systems, use both the fault current and thefault voltage;
others, such as directional current and directional
power systems, utilize the circuit voltage and total
current, and certain other devices, such as the impe-
dance relay, utilize the total current and fault voltage.

It should be observed that we have in the above,
in general, two systems of current relaying, one de-
pending upon total current and time for selective action,
the other depending upon: fault current and location
for selective action.

In addition to protection against faults involving
current, many other abnormal conditions are now
protected against specifically by means of relays, such
as abnormal voltage, temperature, speed, etc., single-
phase operation of motors and generators, cessation of
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flow of oil, water and air for lubrication or cooling
purposes, and other conditions too numerous tomention.
Development of many of these additional protective
devices has been largely accelerated by the advent of
the automatic station, in which, there being no operator
to act in case of trouble, it is necessary to provide
automatic devices.

Trend of Protective Relay Practise. The above
outline of the types of protective relaying systems
now in use, together with the chronological order of
their development, indicates certain quite definite
trends in the protective relay art. These may be briefly
stated as follows:

First: With the development of large interconnected
power systems supplied from numerous generating
sources of varying efficiencies, there appears to be a
growing trend towards the integration of all such sources
into one comprehensive system so interconnected and
relayed that its integrity shall not be broken by the
occurrence of faults.

Second: Since the system of relaying which depends
upon differential timing for selective fault isolation
has not proved sufficiently flexible to promote the
maintenance of the maximum integrity of such systems,
there appears to be a strong trend towards obtaining
such fault isolation through the use of balanced relay
systems, or systems responsive to the location or specific
nature of the fault.

Third: There also seems to be a rather strong trend
towards the use of what may be called “back-up”
protection, or a second line of defense, in the form of a
second system of relays to function in case of failure
of the first system, applied either to the same circuit
breakers as the primary defense, or to others nearer
the sources of energy.

Fourth: There also seems to be a strongly developing
tendency toward the development and use of devices
for the detection of abnormal conditions and approach-
Ing faults before such faults actually oceur.

Summarizing the apparent trend of relaying practise
in general, therefore, it would appear that the tendency
is towards the maintenance of system integrity by the
setting up of three lines of defense:

1. Relays which will detect and give warning of
approaching faults or conditions which may cause
faults,

2. Relays which respond to the abnormal conditions
resulting from the occurrence of faults to isolate the
particular piece of apparatus or circuit at fault,

3. A back-up system (consisting in its commonest
form of overcurrent relays) adjusted with such time
delay as to function only upon the failure of the first
and second lines of defense.

The relay art has played an important part in the
evolution of the modern superpower system and has
itself evolved in sympathy therewith. This evolution
is still going on and must continue to do so. We are
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onfident that it will go on until every requirement
for continuous electrie serviee has besn met.

Developments During the Past Year. A number of
new developments have occurred during the year, most
of which are in the nature of detail improvements
devised to keep abreast of the evolving art. The fol-
lowing specific developments are noted for the purpose
of recording the advances in the art and as information
as to new devices available.

1. Speed indicating relay for apphcation to
automatic stations. Makes separate contacts at defi-
nite per cent under-speed, at synchronous speed and at
definite per cent over-speed.

2. Automatic network relay. For the control
of alternating current network breakers. Connects
transformers to network when capable of supplying
load and disconnects them on reversal of energy flow.
Will operate on magnetizing current of a transformer.

3. Ratio diflerential relay. For the differential
protection of a-c. generators and transformers. Trip-
ping current varies with load, allowing the relay to be
set for close protection at normal loads. Does not
require balancing auto-transformers for transformer
protection.

4. Direct-current polarized relauy. Has inverse
definite minimum characteristics. A complete line is
available including over-current, under-current, over-
voltage, under-voltage, reverse power, polarized po-
tential, and resistunce measuring relays.

5. Duplex impedance relay. A combination of a
directional impedance relay and a ground relay in one
case.

6. Automatic reclosing relay. Has keen modified
to permit any desired duty eycle. Time intervals may
be varied between five seconds and two minutes.

7. Over- and under-voltage relays. Have been
modified by the addition of a voltage adjusting re-
sistor controlled by a pointer and scale. Permits relay
to be adjusted for any voltage within a definite range.

8. An over-voltage relay. The same as existing
over current relay except that a voltage winding has
been substituted for the current winding and certain
other minor alterations.

9. A power directional over-current relay, offering
power directional protection against ground faults, and
against phase-to-phase faults where for any treason
single-phase directional elements are preferred to a
polyphase relay.

10. A network relay for protecting low-voltage a-c.
networks against a faulty distributing transformer or
feeder.

11.  Power directional relays for sensitive pro-

tection against ground faults in grounded neutral
cireuits.

. 12. .Differentia] frequency relay consisting of two
mduct.lon frequency elements arranged in opposition
on a single shaft. For application in connection with
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two circuits that are interlinked by means of a rotating
machine.

13. A phase unbalance relay for use in a polyphase
circuit for protection against faults producing an un-
balancing of currents in the several phases.

14. Synchronism indicating relay comprising an
induction type differential element for preventing in-
terconnection of two systems at one point unless they
are already connected at some other point.

15. Motor-operated timing-relay for controlling
the time elapsing between certain operations. In-
tended primarily for use with automatic reclosing of
circuit breakers.

16. Auxiliary relay. A plunger type relay particu-
larly adapted to automatic switching for introdueing
time in starting up and in shutting down machines.
Can also be used in any a-c. or d-c. circuit where in-
stantaneous pick-up and long time drop-outarerequired.

17. Electrically-reset instantaneous over-current
and auxiliary relays. Equipped with a solenoid for
resetting.

18. Flashing protective relay. Has a heavy wind-
ing for connection from d-¢. machine frame to ground to
protect against flashing or grounding of winding to
frame. Instantaneous.

19. Plunger type trip free relay for use with elec-
trically operated circuit breakers to prevent the breaker
being held closed with over-current in the circuit.

20. Locking relay plunger type. Primarily for pre-
venting a circuit breaker from opening on an exces-
sively heavy over-current.

21. Locking relay. Primarily for preventing the
opening of one circuit breaker due to surge conditions
resulting from the opening of another circuit breaker.

Recommendations. Since the efforts of Institute
Technical Committees are directed towards research,
standardization, and publicity, it is believed that this
subcommittee can be of most service this vear by sug-
gesting a few subjects on which research, standardiza-
tion, .or publicity appear desirabie.

As to research, the following studiesarerecommended :

A. Study of pilot wire transmission line relay
systems employed in Europe, to determine their proper
field of usefulness. It is understood that many suec-
cessful installations are in use and it 1s thought that
American practise may benefit by the investigation
thereof.

B. Study of characteristics of current transformers
at very high overloads. The characteristics of current
transformers at very high overloads are of importance
iIn many 1elay applications, and the information at
present available is somewhat meagre. It is recom-
mended that the manufacturers be urged to investi-
gate this matter and present the information to the
mdustry in the form of papers, or otherwise.

It 1s recommended that standards be formulated and
adopted for the following:
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1. Relay operation nomenclature. The selection
of terms to define the characteristics of relay operation
are very chaotic at the present time, probably no two
companies having the same_ conception of what 1S re-
quired, or using exactly the same terms. In order that
material for publication regarding operating experience
may have a common language of expression it s recom-
mended that standard nomenclature for relay operation
be adopted.

2. Relay acceptance tests. At the present time there
are no Institute standards of overpotential tests,
temperatures, etc., for relays. It is recommended that
such standards be established.

3. Relay designs and ratings. At the present time
there is no purposeful coordination of standard relay
designs among the different manufacturers. This
fact imposes considerable hardship upon the relay users,
in view of the difficulty introduced thereby, of making
relay applications involving relays of different manu-
facturers. It is therefore recommended that, in so far
as appears feasible, standard ratings and operating
characteristic curves be established for the more
common tyvpes of relays.

4. Current transformer characteristics. A. Coordi-
nation between transformers of different types and
voltages: Considerable difficulty arises in the ap-
plication of balanced protection where transformers
of more than one type or voltage rating are involved.
It is recommended that in so far as possible the designs
of transformers of different types and ratings be so
coordinated that differing types can, without serious
difficulty, be used for differential protection.

B. Coordination of characteristics as between
different manufacturers: It is also recommended that
in so far as may be practicable, current and potential
transformer designs of different manufacturers of the
same general type and voltage ratings, be so coordi-
nated that like types will have like characteristics.

As to papers for publication, due perhaps to the
above noted confusion as to nomenclature for relay
operation, there has been little published information
regarding the operation, successful or otherwise, of
existing relay systems. It is therefore recommended
that at a future general Institute meeting, an appropri-
ate amount of time be alloted for the presentation of
relay operating experience. It is suggested that this
presentation might well be made under three general
divisions:

Time differential systems, or systems in which
selectivity is obtained principally by timing.

Current differential systems, or systems employing
various current balancing plans for selective operation.

Voltage differential systems in which the abnormal
voltage conditions resulting from a fault are utilized
to assist selective operation, such as impedance relay
applications.
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In the advancement of the above suggested program
the following sub-subcommittees have been appointed:

. On Relay Operation Nomenclature and
Experience. .

2. On Relay Acceptance Test Specifications and
Standards.

3. On  Current and Potential Transformer
Characteristics.

These subsubcommittees have not had time to com-
plete their work this year, but it is hoped that they will
be continued next year and continue their work to a
useful conclusion.

Appendix
REPORT OF SUBCOMMITTEE ON AUTOMATIC STATIONS
Since the presentation of the Automatic Stations

principal manulacturers and users and is now almost
univerzal. This idea has practically standardized
itsell, but it is felt that these device function numbers
should be transmitted to the Committee on Standards,
who should be urged to accept and incorporate them in
the Standards of the Institute.

Device Symbols. 'The subcommittee also submits a
set of device symbols for use on automatic station
wiring diagrams. These have just been accepted by
the two principal manufacturers and will be used by
them in the future. It is urged that these wiring
diagram symbols be transmitted to the Committee on
Standards for aceceptance and incorporation in the
Standards of the Institute.

WALTER H. MILLAN,

Subcommittee Report this year, three points have Chairman.
MINIMUM PROTECTION
FOR POWER APPARATUS IN AUTOMATIC STATIONS
- | Synchronous Converters 1 _Syn. Motor Gen. Gen. | Cond.
Rwy. Edison Mining Edison Mining Synch. Synch.
Protection 600-volt 250-volt i & indust. 250-volt & indust. | hydro.
— =z . | e |
A-C. Under-voltage......................... o X x X X X X x
A-C.Over-voltage. ..o, X X
Incorrect Polarity......................... .. .. X X X |
Single-Phase Starting...................oooon.. .. X X X X X X
Single-Phase Operation................... .. .. .. X X
Loss of Field, A-C. Machine. .................... X X X X X X
Loss of Field, D-C. Machine.................. ... | X X
D-C.Reverse Power..............cocvvvvvni... X X X X | X
D-C.Overload................................. X ! X X x
Excess Temperature (Sustained Overload). ....... X X | X X X X X
Imperfect Start (Lock-out).................... .. X X X X X X X
Machine Overspeeding (Lock-out)................ X X X X X X
Severe A-C..Overload (Lock-out)................. X | X X X X X X
Grounding Protection (Lock-out)............... .. X | X X x < x
Excess Bearing Temp. (Lock-out).......... . ... .. X X X X X X x

developed on which is submitted supplementary
information, including points as follows:

1. Minimum safe protection of power apparatus in
automatic stations.

2. Device function numbers for use in automatic
stations.

3. Device symbols for use on automatic station
wiring diagrams.

Mimimum Safe Protection. In its reports of 1925
and 1926, the subcommittee presented its recommenda-
tions for the protection of synchronous converters of
railway, Edison, and industrial types; synchronous
motor generators of Edison and industrial types;
synchronous generators (in automatic hydroelectric
applications) and synchronous condensers. These
recommendations have been tabulated and are pre-
sented herewith. It is urged that they be transmitted
to the Committee on Standards with the recommenda-
tion that they be accepted and incorporated in the
Standards of the Institute.

Device Function Numbers. During the year 1924
the subcommittee submitted a set of device function
numbers for use in automatic stations. Through the
efforts of the subcommittee, this was accepted by the

|
|
|
|

ELECTRIC CARS FOR STEAM RAILROADS
Electricity for local passenger service is going to the
ald of steam railways that are not yet ready to com-
pletely electrify their systems. The Boston & Maine,
after a summer’s experience with seven passenger cars
operated by electricity generated on board by a gaso-
line engine, is now installing seventeen more to make
runs of 250 and 300 miles a day covering most of the
main line of the railroad and many of the branch lines.
The new cars are 78 feet long and can seat 88 people
In passenger, smoking and baggage compartments.
The generators on each car are rated at 275 horse power.
Car warmth in winter is provided by water electrically
heated. Quick starting and high speed enable these cars
to run on main lines to do local work between fast

through trains. They reduce the cost of branch line
service markedly.

SEMINARS FORPRACTISINGENGINEERS
In the October JOURNAL 2 paper by Edward Bennett
bear§ the title “Excellent Seminars for Practicing
Englpeers.” “Excellent” should be omitted. The word
was 1nadvertently so affixed to the manuscript by a
reviewer that it appeared to be part of the title.



Status of Electric Lighting in 1926

Report of Committee on Production and Application of Light’
PRESTON S. MILLAR, Chairman

To the Board of Directors:

As required by provision of the By-laws, this report
constitutes a brief resumé of of the progress of the
lighting art, including recent developments in electric
lighting which appear to have significance as indicating
an actual trend in the art.

TLLUMINANTS

In electric illuminants there have been no new de-
velopments of a radical character during the past year.
Among tungsten filament incandescent lamps there has
been developed a new standard line in which the gas-
filled type has been introduced in the 50- and 60-watt
sizes heretofore generally of the vacuum type. These
lamps, standardized thus far from the 15- to the 100-
watt sizes of the 115-volt range, are characterized by

1—Ngw STanNparp LINE oF TUNGSTEN FILAMENT
Lamps
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bulbs of a pleasing contour (Fig. 1), lightly frosted upon
the inner surface, providing a measure of diffusion of
light, while retaining the cleanly, smooth surface hereto-
fore had only in the clear bulb and ‘“‘natural glass”
Jamps. The adoption of this new standard line of
Jamps in place of a variety of types heretofore employed
is a conspicuous example of the principle of simplifi-
cation which the Department of Commerce has
urged successfully and constructively upon industry
in this country.

Arc Lamps. The employment of arc lamps in this
country for general illumination isconfined largely to the
magnetite lamp which continues in successful operation
in some localities, and which in its higher powered form
hds been utilized in several recent installations where
high-intensity street lighting is desired.

For the projection of motion pictures in large houses,

*Committee on Production and Application of Light:
Preston 8. Millar, Chalrman, Kiectrical Testing Laboratories,

80th Bt. & Fast End Ave,, New York
w.T. Blackwel), . ¥. Fowle, ¥. H. Murphy,
J. B. Bryant, 1, O, Hall, Charles 1T, Scott,
W. T. Dempsey, H. H. Highle, B. . 8hackelford,
H. W. Bales, A. B. McAhister, C. J. Htahl,
F. M. Feiker, G. H. Mer: i, G. H. Htickney.

Presented  at the Annual Convenlion of the A 1. E. E.
at White Sulphur Springs, June 21-26, (926.

the high-intensity arc is quite generally used. In
medium-sized theatres carbon arcs, both alternating
and d-c., operating at currents from 30 amperes to 80
amperes, are quite generally in use. A10-to 30-ampere,
horizontal carbon arc used with a reflector instead
of a lens as a condenser has entered into use recently.

Practically all interior motion picture photography
is now done with the aid of electric ares for illumination.
Four types of arc are used: the high-intensity arc (150
amperes), the white-flame arc, the ordinary carbon arc,
and the mercury vapor arc. There is steady improve-
ment in all forms of studio arec-lighting apparatus.

The high-intensity arc has been brought to its highest
degree of perfection in military searchlight work and
is now used universally by both the Army and Navy.

White-flame arcs are still quite generally used in
photo-lithography and color reproduction work.
Improved units are occasionally appearing in this field.

The use of white-flame ares in portrait photography
is increasing and several small, efficient arc mechanisms
are now being used in this field.

Small Gaseous Conductor Lamps. A distinctly new
development is the small gaseous conductor lamp!
devised by Moore for indicator or marker purposes
rather than for purposes of illumination. These
lamps operate at 115 volts alternating-current or
direct-current. They consume about one-half milli-
ampere for the T-4 bulb size, and one milliampere
for the G-10 bulb size, and have an efliciency of
about one-third lumen per watt. The life is said
to be 3000 to 5000 hours. One form of the lamp,
fitted with a G-10 bulb, has an over-all length of
two in. and a diameter of one to one-fourth in. This
is provided with a wire resistance of about 35,000
ohms in the base, which is of the medium screw type.
Another form has a T-4 bulb, an over-all length of about
onetoone-fourthin., and a diameter of one-half in. This
is fitted with a candelabra screw base in which there
is a composition paste resistance of about 70,000 ohms.
The lamps are said to contain neon, helium, and argon
in certain proportions. When excited by electric
pressure at the electrodes, the gas becomes luminous
at the cathode. On direct current, the gas around
only one electrode glows; on alternating current the
gas glows near both electrodes at a frequency depending
upon the supply current.

The lighting and extinction of these lamps is practi-
cally instantaneous. They thus have properties which
are peculiarly desirable for such instruments as strobo-

J ) “ReconL Devolopments of Moore QGasoous Conduetor

Lamnpsg” by Moore and Porter, Transactions, Illuminating Jngi-
neoring Society, eh. 1926, p. 176.
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scopes, synchroscopes, ete. If 230 volts be applied,
they merely glow a little more brightly than on 115 volts.

The two forms of this lamp are illustrated in Icig. 2.
Application of the lamp to an electrie flat iron is shown
in Fig. 3. The small power consumption makes it
practicable to use the Jamp in a wide variety of service
to indicate that the cireuit is alive, or to indicate loca-

Fic. 2—Gaskous Convucror Lamrs ror 115-VoLt Circulirs

tions of switches, polarity of d-c. circuits, ete. For
other applications see paper to which reference has been
made.

. Double Filament Automobile Lamp. The past year
has witnessed the rather extensive introduction of
the double filament automobile headlight lamps. In
ordinary practise the lower filament provides the
principal driving beam. When the upper filament is

3—Gaseous Conpuctor Laump 10 InpIcATE CLOSED
CircvuitT oN FLATIRON
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switched into circuit the beam is depressed by two to
three degrees. A further discussion of this development
in relation to headlight practise appears under a later
section of this report. '

" Prefocusing Lamp Socket. To meet the requirements
for precise location of filaments of incandescent lamps
used in motion picture machines, stereopticons, signals,
ete., there has been developed a special type of base
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and socket which insures correct operating position
for the filament in such apparatus. Fach lamp is
based in an optical jig Lo secure exact filament location
with respect to both axial alignment and light center
length once the projection apparatus is properly fitted.
This device eliminates the necessity of refocusing on
renewing a lamp, and procures for users of projectors
maximum screen illumination.  While this equipment
is not regularly listed by manufacturers it is understood
that it can be procured when desired.
LiGHTING KEQUIPMENT

For Residence Lighting. The trend in luminaries
for home lighting in recent years has been largely in
the direction of the candelabra type of equipment
employing frosted or coated incandescent lamps which
in large part have been without shades and wholly ex-
posed to view. Inilluminating engineering circles this
trend has been regarded as contrary to the public inter-
estin that it hasbrought within the field of ordinary vis-
ion sources of excessive brightness which have produced
glare. With a view to correcting this condition much
educationai work is being done by central stations
and other branches of the industry to impress the publie
with the desirability of properly shading light sources,
and new types and finishes of shades are being made
available by some manufacturers to encourage this
practise.

For Street Lighting. In street lighting equipment
there has been a pronounced trend in the direction of
employment of directive equipment, usually of pris-
matic glass, surrounded by lightly diffusing outer glass
envelopes. The purpose has been to secure a consider-
able measure of favorable redirection of light while
keeping brightness and glare within bounds. A
variety of equipment of this kind has been placed in
service. In some cases effort is confined to redirection
into the lower hemisphere of some of the light flux
which otherwise would be directed upward. In other
cases this has been combined with a latitudinal redirec-
tion along the street of some of the light flux which
otherwise would fall upon building fronts.

ORGANIZED STUDY OF ILLUMINATION

Tllumination and Production. Under the aegis of
the National Research Council an effort is being made
to ascertain some of the relations between changes in
llumination and changes in industrial production.
Investigations to date’ have indicated that improved
illumination has secured industrial advantage in the
way of increased production, diminished shrinkage,
and more favorable working conditions. The purpose’
of the present investigation is, if possible, to ascertain
under independent auspices the.facts in certain repre-
sentative industries. Thus far, the committee having

2. Repprt of Committee to Promote Central Station Illu-
minating Engineering, Lighting Bureau, Commereial National
Section, Presented at National Electrie Light Association Con-
vention, May, 1924, (Table III)
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this enterprise in charge, and operating under the
chairmanship of Professor D. C. Jackson, has engaged
largely in developing methods with a view to the formu-
lation of a procedure and the establishment of systems
of control which when applied to an industry which is
largely dependent upon vision, may be expected to
determine the facts of relationship between illumination
and industrial production.

Street Lighting. A committee of the [Numinating
Engineering Society is endeavoring to develop a method
of appraising the effectiveness of street lighting which
will make it practicable to determine, at least approxi-
mately, the relative merits of two different street
lighting systems. It is an interesting and notable
fact that despite the extensive attention which has been
devoted in recent years to the subject of street lighting,
there is today nothing like consensus among the
leaders of the art as to the best manner of locating and
equipping street lamps and of distributing the light
for purposes of street illumination. If the present
attempt fails in its ultimate object, it may at least
succeed in diminishing the divergence of views among
street lighting engineers. There is included in the
program a project for study of the elusive subject of
glare in street lighting.

ORGANIZED MOVEMENTS FOR THE |IMPROVEMENT OF
LIGHTING PRACTISE

Electric lighting is receiving proportionately more
attention at the hands of electric service companies
throughout the country than has been the case n
recent years. The potentialities of revenue from
increased lighting load and a growing sense of responsi-
bility for making available to the public the benefits
of improved illumination have combined to command
a greater degree of specialized attention to illumination.

Training Course for Lighting Men. At the 1924
Convention of the National Electric Light Association.
a Committee to Promote Central Station Illuminating
Engineering reported upon the importance of the
opportunity in the lighting field afforded central
stations, and described a training course for
prospective central station illuminating engineers
then in course of preparation. This course, under the
joint auspices of the National Electric Light Association
and the Illuminating Engineering Society, was arranged
for the autumn of 1924 and was carried through with
success. It made available to a training group the
kind of instruction which in recent vears had been
given lighting students in training courses by the larger
manufacturers of incandescent lamps, and supple-
mented this by the experience of central station com-
panies who have pioneered in the organization and
operation of lighting service departments and by a
carefully chosen inspection trip.

Selection of Lighting Equipment. A further indication
of central station concern for the improvement of
electric lighting is furnished by action of the Lamp
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Committee of the Association of Edison IHuminating
Companies, which heretofore has funetioned success-
fully in connection with incandescent lamps themselves;
but has not concerned itself with lighting equipment.
It is understood that this Committee has taken cog-
nizance of unsatisfactory lighting conditions in
residences, and has requested the Illuminating Engi-
neering Society to formulate a statement of principles
and perhaps some simple specifications which may
be looked to for the guidance of central stations which
desire to select satisfactory lighting equipment for sale
to the public. It is further understood that the
Illuminating Engineering Society is endeavoring to
comply with this request and has a committee at work
formulating such a statement of principles which may
govern the selection of residence lighting equipment.

Central Station Lighting Departments. Whereasin the
spring of 1924 only nine central station companies were
known to have lighting service departments, today
there are 42 central stations which have such depart-
ments and the number is fast growing. The principal
limitation is the unavailability of trained men com-
petent to organize and operate such activities.

This awakening of central stations to their opportuni-
ties and responsibilities in lighting is of large significance
to the country. Most classes of illumination, and par-
ticularly residence. industrial, and street lighting,
suffer needlessly from ineffective and inappropriate
lighting which fails to take advantageof recentadvances
in the art. The light and power industry can contribute
materfally to the welfare of the country by lending its
great influence to betterment of these conditions. It
is a matter of gratification to this Committee that defi-
nite progress in this direction is indicated by the
developments of the past year.

I. E. 8. and Central Station Lighting Men. During
1925 the National Electric Light Association, in re-
organizing its Commercial Section for greater
effectiveness, dispensed with its Lighting Sales Bureau.
In September, 1925, on the day preceding the opening
of the Illuminating Engineering Society’s annual con-
vention, there was a gathering of central station
lighting men out of which there was evolved a plan
for greater activities in connection with central station
lighting under the auspices of the Illuminating Engi-
neering Society. In this connection it is understood
that there is in course of preparation a Lighting Service
Department Manual which will make available the
experience of central stations which have assumed the
lead irfsuch work. This will include a brief survey of
the lighting field and chapters on the organization of
a lighting service department, its scope, needed equip-
ment, and engineering and commercial features of its
work.

Lighting Demonstrations. Interest in electric lighting
has been enhanced and in all probability practise has
been much improved as a result of demonstrations
made in the elaborate Lighting Educational Centers




118

of the incandesceht lamp manufacturers at Nela Park
and Harrison. So successful have these been that less
elaborate demonstrations have been set up and operated
in a number of cities. Notable among these are
demonstrations in Boston, Chattanooga, Cincinnati,
Detroit, Kansas City, Knoxville, Louisville, Nashville,
Philadelphia, Pittsburgh, and Providence. Others are
understood to be in preparation.

MOTOR VEHICLE LIGHTING

Specifications for automobile headlamp and rear-
lamp performance have been prepared by the Illumina-
ting Engineering Society and revised as of 1922. These
headlamp specifications cover laboratory tests for
headlamps and headlighting devices and prescribe
candle power limits for different parts of the beam.
The headlamp specifications were endorsed in 1922
by the Society of Automotive Engineers, which organi-
zation, however, supplemented its endorsement by
promulgating, within such limits, recommended practise
calling for a higher maximum beam candle power and a
higher candle power in the beam spread to the right
and to the left than is stipulated in the specifications.
The I. E. S. headlamp specifications were approved
as a “T'entative American Standard” in 1922. They
are in use by the Eastern Conference of Motor Vehicle
Administrators in which are represented all the New
England States, (except Massachusetts) New York,
New Jersey, Pennsylvania, Maryland, Delaware, Vir-
ginia, District of Columbia, Ontario, and Quebeec.
The specifications are also in force, either wholly or
in part, in Ohio, Wisconsin, Iowa, Utah, Nebraska,
Texas, California, and Oregon. Also they are recom-
mended in the “Uniform Act Regulating the Operation
of Vehicles on the Highways” prepared under the di-
rection of Secretary Hoover in the National Conference
of Street and Highway Safety.

The rear lamp specifications developed by the
Illuminating Engineering Society cover the general
relation of the lamp and license plate holder and the
quantity and uniformity of illumination upon the
license plate. At the present time the rear lamp speci-
fications used by the State of Massachusetts are
substantially in accord with those prepared by the
INluminating Engineering Society.

During the past year the Automotive Lighting
Association has prepared specifications covering stop
and direction signals and the depressed beam from con-
trollable headlights or auxiliary driving lights. Sub-
sequently somewhat different specifications for
depressed beam lighting have been formulated tenta-
tively by the Illuminating Engineering Society’s
Committee on Motor Vehicle Lighting. The matter
also 1s understood to be under consideration by the
Eastern Conference of Motor Vehicle Administrators.

A further advance made in the practise of the
Eastern Conference of Motor Vehicle Administrators
1s a requirement for excellence of headlamp construction
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not formerly imposed. Another forward step was
taken by the National Conference on Street und High.
way Salety in formulating a Uniform Vehicle Code
intended to promote uniformity of regulatory action
in the several stutes. »

The depressible heam, [ast coming into use in motor
car lighting, 1s a step in the direction of securing the
advantages of the desirable headlighting characteristic
required by the specifications now in general use with
the element ol advantage otherwise secured through
dimming. [t is a step further in the direction of doing
away with the disadvantage inherent in each practise,
measurably avoiding the glare to which the approaching
driver is subjected under the first practise and the
hazard of passing vehicles with lights dimmed involved
in the second.

The depressed beam has become a practicable device
through the development of a lamp having twin
filaments, one placed 9/64 in. above the other and
suitably coordinated with lens or reflector elements.
By switching from one filament to the other, the beam
is depressed by from two to three deg. in a simple,
positive, and easily applied manner.

Although but few of these devices as thus far de-
veloped are understood to have been approved by the
Eastern Conference, more than 20 car manufacturers
have adopted such equipments for their new ecars.

Research. As a result of discussion following the
1925 Conference on Street and Highway Safety, a
Joint Steering Committee on Headlight Research has
been formed by the Society of Automotive Engineers
and the Illuminating Engineering Society.

The first objective of the Committee is to stimulate
and guide experimental research directed toward the
determination of the most satisfactory methods of
automobile headlighting and, in accordance with the
results of research, to formulate a code of recommended
practise with respect to headlight equipment, adjust-
ment, and use.

A program has been projected by the Comniittee
including collection of data on visibility of objects
under various conditions, experimental studies of
visibility under conditions of actual driving, collection
of data on quality and condition of lamps as used and
the possibilities of bettering them, and a demonstration
of the lighting which various automobile manufacturers
consider most satisfactory for all-around use.

Relation to Street Lighting. In this connection it
may be interesting to observe that the Committee on
Street Lighting of the Illuminating Engineering Society
is of the opinion that urban streets ought to be suffi-
ciently well lighted to make it practicable to do away
entirely with powerful headlights on automobiles, as 1s
!:he practise in New York City, and to a limited extent
In some other cities. It is held that streets which
support considerable traffic ought to be sufficiently
lighted to make this practicable, and that where such
condition exists, the safety and convenience of all
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concerned will be promoted. The Committee 18
engaged in establishing street lighting minima
above which it can feel confident in recommending the
abolition of headlights.

RESIDENCE LIGHTING

One of the serious obstacles to the provision of better
lighting in the home is the general lack of adequate
outlets and the apparent difficulty and expense of
making additions.

In the 1925 report of this Committee, reference was
made to the Red Seal Campaign which undertakes to
establish a minimum limit of adequacy of wiring ac-
cording to the needs of each community. This plan
has been adopted by nineteen different local electric
leagues operating in six hundred and seventy-six
communities and reaching nearly ten million people.
One manufacturer is undertaking to establish a nation-
wide standard of quality and adequacy, and it is
probable that others will follow along similar lines.
It is therefore becoming the fashion to provide suitable
wiring.

Although home-lighting equipment is still being
selected with the main emphasis on the artistic features
of metal werking, with inadequate attention to the
artistic and utilitarian values of the illumination itself,
there yet seems to be a slow but general progress toward
a better understanding of the merits of good lighting.
The more common use of such terms as ‘‘shaded lights”
indicates the trend.

ScHOOL LIGHTING

Preliminary tests have been made for the city of
Newark, New Jersey, to secure an indication of the
guantity and character of artificial light desirable for
special public school classes of pupils having defective
. vision.

Observations of reading and writing suggested 15-ft.

candles, or about 50 per cent more than ordinarily.

recommended. Comparison seemed to show semi-
indirect and direct lighting, with large diameter
diffusing glassware, to be equally acceptable, when
supplementing daylight.

RAILWAY LIGHTING

The first edition of a Manual of Lighting Practise for
Railroads has been practically completed by the Asso-
ciation of Railway Electrical Engineers.

The following topics have been covered: Funda-
mentals of Illumination and General Design, Design
Data, Railway Shop and Roundhouse Lighting, Office
and Drafting Room Lighting, Freight and Passenger
Station Lighting, Warehouse and Pier Lighting, Yard
Lighting, and Car Lighting.

3US LIGHTING

The 12- to 16-volt systems are rapidly displacing
the six- to eight-volt systems formerly used in bus
lighting. A 2l1-c. p. incandescent lamp in an S-11
bulb designed for 300 hours of life has been standardized
particularly for this purpose. It is interesting to note
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that some of the modern double-deck motor coaches
have as many as 42 lamps for interior lighting. Special
types of enclosing units and opal glass reflectors have
been developed for motor coach lighting. Enclosing
units are being used in the majority of new buses.

ILLUMINATION OF RAILROAD CLASSIFICATION YARDS

The employment of flood lights for illumination of
railroad classification yards is becoming general. The
Committee on Illumination of the Association of
Railway Electrical Engineers reported that in 1924,
35 railroads had 90 yards equipped with an aggregate
of about 2100 flood lighting units. Since that time
the practise has been extended, notable recent installa~
tions being in the Selkirk Yard of the New York
Central Railroad and the Markham Yard of the
Illinois Central Railroad. .

The necessity for adequate and proper illumination is
enhanced by the introduction of the so-called mechan-
ical car-retarder system for controlling the speed of
cars in the gravity type of classification yard since the
operators of such equipment must have a good view
of the entire yard from their control towers.

The above mentioned Committee has received a
report from one railroad covering operating records
of yards for several months before and after equipment
with flood lighting, there previously having been
no artificial illumination in the yard. This showed
an increase of 15.5 per cent in number of cars handled at
night with a decrease of 21 per cent in the average cost
of damage suffered by cars and with entire elimination
of personal injuries attributable to inadequate illumina-
tion during the months in which the records were
studied.

LIGHTING FOR ADVERTISEMENT

Electric signs and illuminated displays are a
constantly growing factor in the advertising field.
There has been within the last year a noted increase
in the diversity of form of such displays together with
a more rational design of the illuminated pattern based
upon new engineering information.

SiGNAL LIGHTING

Traffic Signal Lighting. With the large increase in
the use of electric traffic signals, there has come fortun-
ately an approach toward uniformity of practise in
their use. Red quite generally now means ‘‘Stop”
and green means “Go”’. Amber signifying ‘“Caution”
is employed in many cities for the assistance of the
pedestrian.

A lens, a glass reflector, and an incandescent lamp
are the usual equipment for each signal. Styles of
signals are becoming more nearly uniform. Flexibility
of control for isolated units and for large interlocked
installations is a feature of the latest developments.
A centrally controlled progressive system of signal
operation has been developed and placed in operation
in Chicago, which is greatly expediting the flow of traffic
through the ‘“Loop” district. Many of the signals




1120

installed in the past have not been sufficiently bright
to have the necessary attention value when seen against
the sky near the sun. Experience indicates that this
1s a subject to which considerable attention must be
given to insure the efficacy of the signal under all
conditions.

The proper solution of the traflic problem in any

given case requires real engineering analysis.
. With the multiplication of traffic signal lights, there
comes a possibility of confusion which merits further
study. Red traffic signal lights are sometimes placed
atelevations of not more than 10 ft. above the roadway;
there are red tail lights; and sometimes red stop lights
on street cars and port running lights on motor buses.
In some districts there is also a red signal at fire alarm
boxes. Police patrol stations and building exit markers
further complicate the situation. This 1s a matter
which clearly requires care and attention if we are to
avoid complexity of signal lights which may result in
confusion and increase the accident hazard.

The 1926 Conference of Street and Highway Safety,
taking cognizance of the above described situation in
regard to traffic signals, adopted by majority vote a
recommendation that yellow be employed as a rear
lamp signal for motor cars.

Razlway Signal Lighting. Progress is reported in
the development of electric signals both to replace the
kerosene lamp for night use and to serve as a full color
signal both day and night. The development has
involved specialized design of lamp filament and bulb,
of optical system, of a universal accurate focusing
mechanism, and of means for directing the light as
desired.

Aviation Lighting. After much experimentation,
particularly on the part of the United States Air Maijl
Service, it appears that the following is likely to become
general practise in aviation lighting: a 500,000,000-
¢. p., high-intensity arc searchlight, visible in clear
weather for 150 mi., is located every 250 mi. along the
route. Every 25 mi. between these beacons are located
60-ft. steel towers supporting a 24-in. rotating beacon,
employing a 30-volt, 900-watt, tungsten filament lamp.
This beacon has a beam c. p. of approximately 7,500,000,
and in clear weather is visible for 75 mi. The beam is
elevated at an angle of one to one-half deg. above
the horizon, and rotates at a speed that provides a
flash every 10 seconds. In very hilly or mountainous
sections, routes are marked with smaller beacons
consisting of four automobile headlamps equipped with
12- to 16-volt, 21-c. p. tungsten filament lamps. These
beacons are rotated at a speed of 10 rev. per min.

The boundaries of the principal landing fields are
marked by 60-c. p. series lamps spaced 150 ft. apart
around the edge of the field. Emergency landing field
boundaries are marked by two-c. p., three- to four-volt
lamps, 28 of these being connected in series around the
boundary of the field. They are operated from gasoline-
electric equipments. Each fitting has a relay which
introduces an equivalent resistance into the ecircuit
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in case of a lamp failure. [t is usual to place a number
of flood-lighting equipments along two sides of the field
to illuminate it for landing purposes. These have 120-
deg. Fresnel lenses and are equipped with 900-watt,
30-volt, tungsten filament lamps. To some extent 10-
kw. ribbon filament lamps are also used in very large
Fresnel type lenses for flood lighting landing fields.

With the development of commercial flying it is
probable that there will arise requirement for well
defined routes and landing fields. The total lighting
load at a typical air mail field is 88 kw.

A NEW APPLICATION OF LIGHT

The transmission by wire or wireless of actual scenes
or so-called “television” is understood to have heen
accomplished experimentally. With the aid of the
photoelectric cell and the Moore gaseous conductor
lamp it has been found possible to use relatively simple
apparatus for the transmission and reception of pictures
within the interval imposed by the human eye as a
requirement for sustained vision. It is expected that
this new art will be brought to commercial development
at a relatively early date.

ILLUMINATION NOMENCLATURE AND SYMBOLS

Nomenclature, abbreviations, and symbols in the
Ullumination field are now fairly well fixed in this
country. The report of the Committee on Nomen-
clature and Standards of the Hluminating Engineering
Society, having been submitted some time ago to the
procedure of the American Engineering Standards
Committee, was adopted as an “American Standard.”

ILLUMINATION ITEMS IN THE PROCEEDINGS

Under the auspices of this Committee there have
appeared In the proceedings from time to time brief
articles designed to keep the membership posted as to
signiﬁcantdevelopmentsinthelightingﬁeld. Evidences
of appreciation having been received, this practise
1s being continued and may be recorded as a supple-
mentary activity of this technical committee.

CONCLUSION

The Committee on Production and Application of
Light, having thus reviewed the field of lighting within
its purview, is in a position to report to the Institute
that electric lighting is undergoing a sound and whole-
some development under the influence of forces largely
commercial in character but greatly beneficial from a
public point of view.

The Illuminating Engineering Society is intent upon
developing the science and the art of illumination and
1s making measurable progress in its activities. Asso-
ciations of manufacturing and operating interests are
contributing notably through progressive engineering
and business development which derives adequate
sanction from the fundamentally favorable considera-
tion that every improvement in equipment and practise
in the lighting field is mutually advantageous to the
commerecial interests and to the public.



Fire Protection of Water-Wheel Type Generators
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Synopsis.—In recent years, much atlention has been given lo
fire protection of lurbo gemeralors, resulting in a trend towards
closed ventilating systems and the use of inert gas to smother com-
bustion. Waler-wheel type generators are not so well adapted lo
this method of protection. In waler-power plants, water is the
most readily available means for fire extinguishment, but its in-
discriminale use through perforated pipes or nozzles may cause
damage equal lo that of the fire.

The present paper describes a system of fire prolection for waler-
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wheel type generators which is designed to limit both fire and waler
damage {o the section of the generator immediately adjacent to the
point of ortgin of the fire. This is accomplished, first, by air
bafiles which control the flow of ventilating air around the armature
end projections, and second, by the use of fusible sprinkler heads
which permit the application of the water solely to the region of the
fire. The means for preventing and detecting fires tn such generalors
are also outlined. Tests made during design to establish the effective-
ness of the scheme and devices used are also described.

HE problem of protecting generators against fires
Tof internal origin is closely associated with that of

their ventilation. This is obvious from the fact
that the cooling medium ordinarily employed, namely,
air, contains the oxygen required to support combustion.
This fact has been recognized in that one method
employed for extinguishing fires in generators is to
control the composition of the atmosphere within the
ventilating system. In closed ventilating systems,
such as are now becoming standard for steam turbo
generators, this may be accomplished in various ways.
For instance, the fire may be permitted to burn until
enough of the oxygen contained in the closed ventilating
system is used up so that the remaining gases will
no longer support combustion, or an inert gas such as
carbon dioxide may be admitted to the ventilating
system in sufficient concentration to lower the free
oxygen content to a point where combustion will stop.
A third method which has been proposed is to maintain
at all times in the closed ventilating system an inert gas,
such as hydrogen, as a cooling medium instead of air.
Methods of protection, however, which have been
worked out for steam-turbine-driven generators are not
in general applicable without modification to water-
wheel type generators.

The purpose of this paper, therefore, is to point out
certain factors involved in the problem of fire protection
of water-wheel type generators, and to record the
principles and devices employed-in the fire protection
of the 65,000-kv-a. Niagara generators.

Let us therefore first catalog some of the essential
points in which water-wheel type generators differ from

steam turbo generators from the standpoint of fire
protection.

1. Water-wheel type generators are of relatively
large diameter. This means that the armature wind-
ings occupy a considerable circumferential length.
For instance, in the 65,000-kv-a. generators to which
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Eleetric Co.,

reference was made, the circumferential length of the
armature windings is approximately 75 ft., whereas in
turbo generators the diameters are small and the
windings concentrated into a much smaller space.
The significance of this fact is that it ought not to be
necessary to burn up a whole winding, say 75 ft. long,
on account of a fire starting at one point.

2. Water-wheel type generators are usually of open
construction and employ an open system of ventilation
as contrasted with the closed systems now usually
employed with turbo generators. It is, indeed, be-
coming more common to employ semi-enclosed systems
of ventilation for water-wheel generators in which
either the air inlet or air outlet is enclosed, but it is
seldom that both inlet and outlet are enclosed, and no
case is known to the writer where a completely closed
system of ventilation with air coolers is employed with
a water-wheel generator, although such a case may exist.

3. In turbo generators it is now usual to employ
forced ventilation in which the air is moved by an
external fan and directed in definite paths through the
generator ventilating ducts. In water-wheel type
generators, however, a natural system of ventilation is
usually employed in.which the air is moved by means of
the natural blower effect of the generator rotor, some-
times assisted by fan blades attached to the rotor, and
sometimes, also, by an external blower the only func-
tion of which, however, is to bring the air to, or remove
it from, the generator. This method usually results in
a considerable circumferential motion of the air around
the armature windings, particularly about those por-
tions of them which project beyond the iron core.
These end projections are frequently insulated with
inflammable materials, and on account of this and their
extent and exposure to the whirling air currents, they
constitute the principal element of fire hazard in the
generator. In many cases of fires which have occurred
in generators of this type, it has been the experience that
a fire originating at one point of the circumference has
been communicated very quickly throughout the entire
circumference of the generator through the agency of
these whirling currents of air. When this occurs, it
usually results in the loss of the entire winding, if, in-
deed, damage does not also result to other parts of the
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structure. In large machines this involves a very
considerable direct loss which, however, is usually
exceeded by the cost of the loss of use of the machine
while repairs are being made. The latter is of especial
significance in hydroelectric plants where it is unusual
to find spare capacity available.

Figs. 1 and 2 are cuts made from photographs of the
results of fires in the armature end projections of two
horizontal-shaft water-wheel type generators. Both
of these started from faults in the armature coils, and
within a few seconds after starting, the flames had been
swept completely around the circumference of the
machine. Eye-witnesses state that within one minute

LE

Figs. 1-2—EFrrEcT oF Wuirrixg Az CURRENTS ON FIRE IN
Exp WinbiNgs oF GENERATORS

after these fires started, the iron shields covering the
end projections of the armature windings were at white
heat. One of these fires occurred in a machine with
completely closed ends and the other in one with par-
tially closed ends, but the results were the same in both
cases.

In view of these considerations, it would appear that,
whereas in steam turbo generators the most promising
element with which to work for fire protection is the
composition of the ventilating atmosphere, in water-
wheel type generators the directing of the ventilating
atmosphere in its passage through the machine appears
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to offer the most promising opportunity for the control
of fire.

In any complete system of fire protection there are
four necessary elements:

1. Prevention; that is, means should be provided to
prevent, whenever possible, the starting of a fire.

2. Control; that is, assuming that a fire has started
in spite of preventive methods, means should be pro-
vided to confine the fire to as small an area as possible.

3. Detection; means should be provided for
promptly detecting the presence of a fire, and it is
desirable that such means should also give an indica-
tion of its location.

4. Extinguishment; a fire having occurred, means
for its prompt extinguishment should be provided.

PREVENTION

The only inflammable material bullt into a generator
is the insulation. The use of non-combustible insu-
lation, if that were possible, would therefore be the
best fire preventive. Even Class “B” insulation as
now employed, however, contains a considerable
amount of inflammable material used as a binder, and
the requirement for flexibility often dictates the use
of fibrous or Class “A’” materials on the armature end
projections. Generator windings often also accumulate,
between cleanings, considerable quantities of oily dirt
of an inflammable nature, so that even the use of fire-
proof insulation cannot always be depended upon to
make a fire impossible.

Generator fires are usually caused by insulation
breakdown. One obvious means of fire prevention,
therefore, is to use a high factor of safety in the insu-
lation of the windings.

Should a failure occur, however, the next obvious
thing to do is to disconnect the generator from the
system and remove its excitation as quickly as possible.
This is best accomplished by means of differential
relay protection in a manner now well understood and
almost universally used. Such a differential relay
system should be sensitive, and, from the fire prevention
standpoint, should be arranged to de-energize the ma-
chine as promptly as possible. Reference is made to the
recent'y published Relay Handbook for details of such
applications.

CONTROL

In spite of all that may be done in the use of fire-
resisting nsulation, in preventing insulation failures
and in de-energizing the machine in the event of a
failure, a fire may nevertheless occur. In one case
known by the authors, a stubborn blaze was initiated
in a mica-insulated generator winding by an insulation
breakdown on over-potential test with a 50-kw. testing
transformer equipped with an Instantaneous trip.
Owing to the energy stored in the magnetic circuits of
Fhe generator, it is impossible to de-energize a machine
Instantaneously, and the writer therefore sees no reason
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to believe that even the differential relay system will
necessarily prevent the starting of a fire.

Assuming, therefore, that a fire may be started, the
next problem is to prevent such a fire from spreading,
or in other words to confine it to the smallest possible
zone. Here appears the virtue of controlling the direc-
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tion of flow of the ventilating air as it passes the genera-
tor windings. The minimum fire-spreading effect
will result if the air currents are directed radially
through the generator winding with complete suppres-
sion of the circumferential component of the movement.
The requirements for cooling, of course, necessitate that

JOHNSON AND BURNHAM: FIRE PROTECTION OF GENERATORS

1123

some air shall be allowed to pass through and around the
armature windings. Through the core, ventilating
ducts are provided for this purpose. It has been cus-
tomary, however, to permit the air to flow about the
projecting ends of the armature colls in any manner
which might result from the chance arrangement of the
parts without any specific provision for guiding it in any
particular direction, radial or otherwise. The result
has been the production of a large circumferential
component of air velocity in the neighborhpod of the
armature end projections.

To rectify this condition, the idea was conceived of
placing between the rotating field and the armature
end projections a stationary structure of some sort for
the purpose of guiding the air currents in a radial direc-
tion through and between the armature end projec-
tions. Such a structure might be of a number of differ-
ent forms, such as, for instance, a perforated wall, or a
series of vanes which might be of any required shape,
or an arrangement of baffled passages. After con-
siderable study of these three alternatives, an arrange-
ment of passages between two inclined walls was
adopted for the 65,000-kv-a. generators. Figs. 3 and
4 show the application of this scheme of air control to
the two makes of 65,000-kv-a. generators installed by
The Niagara Falls Power Company, and Fig. bis a
reproduction of a photograph showing the baffles in-
stalled at the lower ends of the coils in one of the genera-
tors. In order to prevent the generation of eddy cur-
rents in these baffles due to their presence in a strong
varying magnetic field, they are made of insulating
material. -

The effectiveness of these baffles in directing the air
through the end windings is very marked, the hurricane
of air usually found about the armature end projections
in conventional machines of this type being entirely
absent from the machines equipped with these baffles.

The effectiveness of the radially directed air currents
in preventing the spread of a fire was demonstrated by
means of tests on a full scale model of a small section of
one of these generators. These tests will be hereinafter
described, and seem to indicate that by this means a
fire may be confined to a circumferential length of
not over two ft.

DETECTION

A fire having been started, it is, of course, desirable to
detect its presence immediately, and since we have now
found means of confining a fire to a small section of the
winding, means of locating it in the machine are also
desirable. In the case of the 65,000-kv-a. machines,
the heated ventilating air is collected in a steel housing
which surrounds the armature frame and is thence
blown out of the building by means of separate motor-
driven blowers. This arrangement would lend itself
very readily to a system of smoke detection involving
the use of a photo-electric cell. Such a system has not,
however, been installed. Various detectors based on
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abnormal temperatures might also be employed; one
device suggested consists of a fuse wire carried around
the generator and arranged to give an indication upon
being fused at any point. Another possible device
would be a vapor tension thermometer with its bulb in
the form of a long slender tube extending completely
around the machine. This would indicate the maxi-
mum temperatures at any point throughout the length
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of the tube. A third system of giving the indication of
the presence of a fire is the use of sprinkler heads in
which case the means of detection and of extinguish-
ment are combined. With any system the provision of
hand holes at frequent intervals about the circumfer-
ence of the machine is desirable both for the purpose of
locating the fire and for allowing access to it by means of
hand extinguishers or a fire hose. The combination
of sprinkler heads and hand holes was used in the 65,000-
kv-a. generators (Fig. 6).

EXTINGUISHMENT

A number of mediums are now available for extin-
guishing fires in electrical apparatus, the principal ones

F16. 6—H anp HoLEs axD SPRINKLER HEADs AT Tor oF 65,000-
Kv-1. GENERATOR

being water, steam, carbon dioxide, carbon tetra-
chloride, “Fire Foam,” and the well-known soda acid
extinguisher. These may be applied in various ways;
for instance, soda acid, “Fire Foam,” and carbon
tetrachloride are usually applied by hand or portable
tank extinguishers. Water or steam may be applied
through a hose; or water, steam, ‘“Fire Foam,” and
carbon dioxide may be applied through permanent

piping.
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In the case of the 65,000-kv-a. generator at Niagara,
the means provided for extinguishnrent consist, first, in a
series of hand holes giving access to the windings for
the use of hand or portable extinguishers or water hose.
There is also installed at suitable points near the arma-
ture end projections, a series of sprinkler heads con-
nected by piping through a manually-operated lever
valve to a source of water under pressure. This
sprinkler pipe is arranged to be maintained under air
pressure with a contact-making gage adjusted to sound
an alarm upon the reduction of this pressure through the
blowing of a sprinkler head (Figs. 7, 8, 9, and 10).

It has been ascertained by means of tests upon the
above mentioned model that a fire can be maintained
for a considerable length of time under the system of
air control installed in these machines without spreading
appreciably beyond its point of initiation, so that upon
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occurrence of a fire, the operator has ample time to
determine its location by inspection through the hand
holes. Having located the fire, the operator is in-
structed to attempt its extinguishment first by means of
hand or portable extinguishers using carbon tetra-
chloride or “Fire Foam.” Should these prove in-
sufficient, he can employ the soda acid extinguisher, or
if his judgment indicates the necessity, he can turn
on the water in the sprinkler system by means of the
above mentioned lever valve. In this event the
application of the water will be limited to one or two
sprinklers which will have opened immediately adjacent
to the fire, so that the water damage will be confined to
as small a portion of the machine as possible.

If the use of carbon dioxide for fire extinguishment
is perfected to a point where it is applicable to machines
of this type, there would appear to be no reason why
the general system of protection installed in these ,
machines would not be readily adaptable to its use.
It would appear that the baffles between the rotor and



armature coils might be of material assistance toward
the effective use of carbon dioxide.

DETAILS OF INSTALLATION ON 65,000-KV-A.
' GENERATORS

These are shown in Figs. 7,8, 9, and 10. The air
baffles are constructed of bakelized canvas or asbestos
supported by suitable castings with radial vanes forming
passages for the cooling air.

The sprinklers are of modified standard design and
are enclosed in baskets of sufficiently fine wire mesh
to retain the loose parts resulting from a blow-off.

Separate piping systems are provided for the top and
bottom ends of the armature windings with separate
alarm signals so that a fire may be immediately located
with respect to the two ends of the generator.

The manually-operated control valves shown in Figs.
9 and 10 are normally sealed in the closed position”and
" are so arranged that any leakage of water into) the
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sprinkler piping which may take place is caught in a
sump and may be periodically drained off. The open-
ing of the valve for draining the sump will automatically
test the alarm system by lowering the air pressure in
the sprinkler system.

The air valves through which compressed air is
supplied to the sprinkler pipes are of the needle type
and may be kept slightly open so as to automatically
maintain the air pressure so long as all sprinkler heads
are intact. Upon the blowing of a head, the pressure
will drop due to the throttling effect of the needle valve
and the alarm will be given. J

The contact-making pressure gage is of standard
design arranged to close a contact upon a drop in pres-
sure to a predetermined value. Any desired form of
alarm can be used.

TESTS

Before adopting the above described system of pro-
tection for the 65,000-kv-a. generators, a series of
tests was made to determine the best type and ar-
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rangement of sprinklers, to determine whether the
temperatures produced by a fire would be sufficient to
operate standard sprinkler heads, and whether the air
control devices proposed would be effective in confining
the fire to a small area.

The first series of tests was taken to determine the
following points:

Fig. 9—ARRANGEMENT OF HANDLES oF THREE-WaY VALVES
AND CoNTaCT-MaKING PRESSURE GAGES

Fic. 10—SEcTIONAL VIEW OF GENERATOR
Showing relative location of end windings, connections and sprinkler.

A—sprinkler, B—stator coil, C—stator connections, D—fire bafllers,
E—stator frame, F—air inlet

1. Location of sprinkler heads with respect to
generator windings.

2. Design of sprinkler-head deflector.

3. Design of screen to catch links or parts which
fly out from sprinkler heads when they operate.

It was impossible to make the proposed tests on one
of the 65,000-kv-a. generators; therefore it was desirable
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to make the conditions under which the tests were to be
taken as near like actual conditions as possthle.

Fig. 10 shows a section of the generator with location
of sprinkler head as originally estimated to be
approximately correct. Fig. 10 also shows the relative
locations of‘the stator-coil end windings, stator con-
nections, and fire baflles, and also shows the relatively
small amount of space above the electrical parts in
which to locate the sprinkler heads.

In order to see exactly how water would spray {rom
the sprinkler heads under different conditions, a dummy
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F16. 11—DummyY SECTION OF GENERATOR USED IN THE WATER-
Spray TEsTs

A—Sprinkler, B—stator coil, C—screen, D—beaver board

section of the generator was made up in the form of a
‘wooden box as shown in Fig. 11. This box represented
at full scale one of the generator sections in which a
sprinkler head was to be located. The length of the
box represented the length of one of these sections
measured on the circumference of the generator at the
air-gap. On account of the size of the 65,000-kv-a.
generators, the air-gap did not vary far from a straight
line in the length of a section being considered ; therefore
for our test purposes, the box was made without
curvature.

The ends of the box represented the barriers to be
placed between sprinkler heads. Side pieces made of
beaver board were fastened to the ends of the box, and
on each a stator-coil end projection was drawn in its
relative position as shown in Fig. 11.

A screen was placed across the front of the box as
some such protection would be needed in actual prac-
tise to keep the links of an operated head from dropping
down into the generator windings. Medium-weight
wire screening was used, having five wires per in.
each way, it being found by trial that links from the
sprinkler heads would not go through mesh of this
description, while they would go through mesh having
wires of the next greater standard spacing.

In this first set of tests no fire was used, as the princi-
pal object was to determine how well water would be
sprayed into the generator windings and connections
under different conditions. As fires in generators
usually occur in the stator-coil connections or stator-
coll end projections, it was necessary in the tests to
find an arrangement in which water would reach these
parts effectively.

Before taking the tests it was quite obvious that
water could be sprayed in large quantities on the
stator windings and connections directly in front of the
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sprinkler, but it was not certain just what position of
sprinkler head and type of deflector would give the
best water distribution over the entire area to be con-
sidered. IFrom IMig. L1 it can he seen that the area to
be covered was much longer than it was wide, but it
was just as important that the water reach the coils
al the ends of a section, or in other words, that it reach
coils midway between two sprinklers, as it was to reach
the coils directly in front of the sprinkler.

In the sprinkler tests, over two dozen different special
deflectors were used, and several locations of sprinkler
and angle of spray were tried. The water pressure,
also, was varied to determine the effect of such a change
on the water distribution.

Under each test the water distribution was observed
and rated in five ways as follows:

1. Distribution and distance water sprayed directly
in front of sprinkler head.

2. Amount and distribution of water sprayed onto
beaver boards at side.

3. Amount and distribution of water backward
into box.

4. Amount of water to reach upper corners at each
side of box.

5. Spray of water in general.

Regarding the location of sprinkler head and angle of
spray, the best results were obtained with the sprinkler
head tilted down 45 deg. from horizontal and located
in the box so that the center of the sprinkler-head
deflector was five in. from the back and three in.
from the top of the box.

.
Fic. 12—StaNDARD SPRINKLER HEAD Usep 1N FIRE PROTECTION
oF BuiLpiNgs

If the.sprinkler head was tilted more than 45 deg.
from horizontal, an undue amount of water was sprayed
into the box; and if the angle was made lessthan 45 deg.,

a larger portion of water than necessary was sprayed
out directly in front.

Fig. 12 shows a common type of sprinkler head as
generally used in fire protection of buildings. It will
be noted that the deflector used at the top of this sprink-
ler has projections or ears around its outer edge which
are bent downward. It was quite obvious that this
type of deflector would not meet our needs, as the bent
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ears have a tendency to spray a larger portion of the
water backward.

After many tests were made in which a large number
of different deflectors was used, it was found that a
deflector as shown on sprinkler head in Fig. 13 gave the
best results. This deflector, which is approximately
13/16/in. in diameter and is cupped upward slightly,
happens to be a deflector which is used on many
sprinkler heads in mills where the projecting ears of the

1
|

Fig. 13—SpriNkLER HEAD UskED 1N 65,000-Kv-a. GENERATORS

standard sprinkler are objectionable. When used in
mills, however, the deflector is cupped downward
instead of upward. :

In order to show how the design of a deflector affects
the water distribution, a few of the deflector tests will
be described.

1. Deflector in accordance with Fig. 13. The
water was sprayed a distance of six ft. out in front of
the box, and the beaver boards at the sides were well
covered. Some water was sprayed backward into the
box. With this deflector, the water was discharged in
a fine spray which almost resembled a fog. The
distribution of water over the desired area was very
good.

2. Same as (1) except that deflector of larger di-
ameter was used. Water was sprayed farther out in
front than in case (1), but the spray was not as fine and
the general distribution was not as good as in case (1).

3. Deflector in accordance with Fig. 12 except that
all but two ears on opposite side were cut off. (It
was thought that the two remaining ears might help
throw more water out to the sides.) Water was sprayed
farther out in front than in case (1). Water spouted
up at ears, but distribution at sides was not as good as
in case (1).

4. Same as (3) except that all ears were cut off.
Results were about the same as those of (3).

5. Sameas (1) except that deflector was inverted and
therefore cupped down instead of up. Less water
was sprayed out in front than in case (1). Practically
no water reached the bheaver hoards at the sides.
Large amount of water discharged back into the box.

The deflector tests such as deseribed above were
taken with a medium water pressure of 43 1b. per sq.
in.  With deflector used in case (1), the water pressure
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was increased to 100 lb. per sq. in. With this pressure
the spray became extremely dense, and the distribution
of water remained good. ‘

By decreasing the water pressure it was found that
the quantity of water and the distribution of water was
satisfactory down to a pressure of 30 lb. per sq. in.
Witha pressure of 25 Ib. per sq. in. the results were only
fair; therefore it was felt that in practise the water
should be held up to at least 30 Ib. per sq. in. This
matter of water pressure can be easily taken care of in
case of the 65,000-kv-a. generators, as the normal
water pressure in the station is approximately 80 lb.
per sq. in.

The principle of operation of the sprinkler heads
used may be seen from the construction shown in Figs.
14 and 15. Fig. 14 shows the cross-section of a sprink-
ler head and position of links before the head has
operated, and Fig. 15 shows the same head with posi-
tion of links shortly after the head has operated.

It may be noted that the links of a sprinkler head
are small levers so assembled that they can be held
together in the normal position before operation by a
very small amount of solder. By using solders of dif-
ferent melting points, the sprinkler heads can be made to
operate over a wide range of temperatures.

Ratings of sprinkler heads have been standardized
so that a head may be obtained having a rating of
155,212,286 or 360 deg. fahr. For each different rating
the composition of the solder is such that the heads will
operate at a temperature corresponding to thé rating.

In order to make sure that sprinkler heads located
in the 65,000-kv-a. generators as previously determined
would operate satisfactorily in case of a generator fire,
further tests were considered.

Actual fire tests seemed desirable, as it was not certain

Fia. 15—CRross-SECTION OF
SprINKLER Hrap

Fig. 14—Cross-SECTION
or SpriINkLER HEAD

Showing position of links hefore
operation

Showing position of links after
operation

A—Yoke, B-—body, C-—diaphragm, K—ualass valve, F—maln strut
piece, G—hook link, {—key link. J—do/lector

that heat sufficient to operate the sprinkler heads
would have a chance to reach them in case of a generator
fire. The ventilation of these generators is such that a
current of air passes in a horizontal direction through
the stator connections and end windings and then out
through openings in the stator {rame. It seemed pos-
sible that in case of a fire in the end windings or con-
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nections of one of the generators, suflicient heat to
operate a sprinkler head might not pass up through this
current of air.

Another point in question regarded the wire screen
which was to be used to keep the links of an operated
head from dropping down into the generator windings.
It is known that a wire mesh offers some resistance to
the passage of heat, and it was thought desirable to
check this point in a test to find out if heat sufficient to
operate a head in case of a generator fire would pass
through the proposed screen.

In order that the second series of tests could be made

Fig. 16—Duommy SEcTiON oF GENERATOR USED IN Fire TEsTs

conveniently, a dummy generator section was made of
sheet metal. The construction of this compartment
was such that, turned one way, it represented a section
of the generator at the top of the machine, and inverted,
it represented a bottom section of the generator.
Dummy stator connections and stator-coil end pro-
jections were also constructed, these being made of
wood. All parts were made to full scale.

Fig. 16 shows the dummy compartment in a position
representing a top section of one of the generators.
It may be noted that the door has been removed and the
dummy coils taken out of the sheet metal compartment
and placed in the foreground so that the construction
may be seen. In the same figure, an end view of the
dummy stator-coil connections may be seen in position
in the compartment. The dummy connections and
coils were made of boards one in. thick and spaced 14
in. apart. With this construction the wooden parts
could be easily ignited for the fire tests.

A motor and exhaust fan were connected to the sheet
metal compartment as shown in Fig. 16, in order that
air might be circulated through the stator coils and
connections in the normal way.

Provision was made for the mounting of a sprinkler
head in the test compartment as previously determined.
Four thermometers having 150-deg. cent. scales were
suspended through small holes in the top of the com-
partment as shown. With the use of the thermometers,
temperatures could be read at time intervals between
the starting of the fire and the operation of the sprinkler
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head. By means of a hose, air pressure was placed on
the sprinkler heads so that the operation of a sprinkler
head would be known immediately by the rush of air.

Fig. 17 shows a cross-section of the test compart-
ment described above with door removed and the
dummy connections and stator end projections in their
normal position. The location of the wire screen and
fire haflles is also given. The small glass window in
the end of the dummy section was provided so that the
intensity of the fire could he watched with the metal
door in place and the compartment entirely closed
except for the air inlet in the front and the air outlet
in the rear.

Shutters were placed in the air inlet and a damper in
the air outlet so that the flow of air through the com-
partment could be regulated if desired.

With the test equipment arranged as shown in Fig. 17,
the first set of fire tests was made. Fire was started at
different places in the dummy connections and coils by
means of a small rag soaked in lzerosene. After a
sprinkler head operated, the wooden parts were taken
from the compartment and the fire was put out by
means of steam.

In Fig. 18 some representative temperature curvesare
given showing the results of a few of the tests made
with the fire started in the dummy coils. In these
curves, temperature in degrees centigrade is plotted
against time in minutes. In the first four tests shown,
the shutters in the air inlet and the damper in the
air outlet were open and the fan was running. In the
last test shown, the fan was shut down. The four
different curves for each test represent the readings of
the four different thermometers which were numbered
one to four from right to left facing the front of the
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Fi6. 17—Cross-S:cTioN oF SHEET-IrON Durxivy COMPARTMENT
Usep 1N Fire TEests

dummy compartment. Tem perature readings were
taken every quarter of 2 minute.

In tests 2, 5, and 7, 100-deg. cent. sprinkler heads
were used and in tests 3 and 6, 68-deg. cent. heads were
used. Facing the front of the compartment, the fire
was started in the left end of the dummy coils in tests
2 and 3, and in the middle portion in tests 5, 6, and 7.

It should be noticed that in these tests the tempera-
ture curves become very steep close to the time of head
operations. In fact, the temperature increased so
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fast that the thermometers were raised out of the com-
partment in order to keep them from going off scale
and breaking. This accounts for the fact that the
curves do not in all cases extend to the vertical line
which indicates the time of head operation.

As would be expected, the curves show that under
similar conditions the 68-deg. heads operate sooner
than the heads rated 100 deg., although the difference
in time is small. By comparing test 2 with test 3, it
may be seen that with the fan running and with the
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the fire and in some cases the dummy coils were left
more moist than in others. By comparing tests 5and 6,
it may be seen from the curves that soon after the fire
was started it required 14 min. longer in test 5 than it
did in test 6 to reach a certain temperature. By
making correction for this difference, the 100-deg. cent.
head of test 5 would have operated about 14 min.
sooner, or in approximately 2 3g min., had the fire
developed to raise the temperature as in test 6 where a
68-deg. cent. head was used. In other words, the
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Fig. 18 —RePrRESENTATIVE TEMPERATURE CURVES

Fic. 19—Dummy CoiLs Stowing Burnep PorTion

fire started in the left end of the dummy coils, the
100-deg. head operated in three min. and the 68-deg.
head in 114 min.

Tests 5 and 6 show that under conditions similar to
those described ahove except that the fire is started in
middle of the dummy coils, the 68-deg. head operated
in 214 min. and the 100-deg. head in 314 min.

It may be noted that in some of the tests the fire got
started a little sooner than it did in other tests. This
was due to the fact that steam was used to extinguish

.

1

Fic. 20—Dummy CONNECTIONS SHOWING BURNED PoORTION

difference between 2 5% min. and 24 min., or 13

' min., gives approximately the difference in time between
operation by a 100-deg. cent. head and a 68-deg. cent.
head, under such conditions as existed in test 6.

In all cases it may be noted that the temperatures as
measured with the thermometers exceeded the sprink-
ler head ratings before the heads operated. This does
not mean that the heads were rated incorrectly but
rather that with the temperature increasing rapidly,
the time lag is greater in the sprinkler heads than in
the thermometers.
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Fig. 19 shows the way the dummy toils were burned
and charred in Test No. 5, this being a typical case.
In this test the fire was started in the middle of the
dummy coils, and it should be noted that the fire
followed up the diagonal wooden members, but due to
the strong current of air that was being blown through
the dummy coils, the fire did not spread to the right nor
to the left appreciably. Fig. 20 shows the way the
dummy connections were burned in the same test.
Later a similar test was made in which the fire was
allowed to burn for 15 min. in the dummy coils. The
results were about the same in that the fire spread very
little. This is a very important point since the fire
damage can be reduced to a minimum if the fire in
coils of generators can be prevented from spreading.

In test No. 7 the fan was not running; otherwise the
test i1s the same as test No. 5. By comparing tests
Nos. 7 and 5, it may be seen that the operating time is
2 g min.in one case and 8 Lgmin. in the other, which
shows that the current of air passing through the com-
partment has very little effect in the operation of the
sprinkler heads.

Another set of tests was made with the fire located
in the dummy connections. By moving the sprinkler
heads back slightly from their first position, very good
operation of the sprinkler heads was obtained. The
operating time was approximately 134 min. for the
68-deg. head and approximately 2 14 min. for a 100-
deg. cent. head.

With the dummy sheet metal compartment inverted,
an additional set of tests was made to determine the
effectiveness of the sprinkler heads in protecting the
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stator-coil end projections at the bottom of one of the
65,000-kv-a. generators. [for this case, the operating
time was about 2 '3 min. for the 68-deg. cent. heads
and approximately 3 ', min, for the 100-deg. cent.
heads.

CONCLUSION

The tests proved conclusively that the proposed
scheme of fire protection as described would be very
satisfactory for the 65,000-kv-a. generators for the
following reasons:

1. Sprinkler heads arranged in the generator as
shown and properly spaced would operate for a very
small fire in the stator end windings or stator
connections.

2. Sprinkler heads would operate in spite of the air
currents, which, in case of the coil projections and con-
nections at top of generator, would tend to carry the
heat from a fire away from the sprinkler heads.

3. With current of air flowing radially through the
end windings and connections, a fire started in these
parts is confined to a small section even after the fire
has burned for as long a time as 15 min.

4. If a fire started in the generator windings can-
not be extinguished easily with hand fire extinguishers,
the operator can then turn a valve which will allow
water to be sprayed effectively in the region of the fire
only, thereby doing minimum damage to the remainder
of the machine.

The authors wish to acknowledge the valuable
assistance given by Mr. Ira Knight of the General Fire
Extinguisher Company, who furnished equipment and
helped to carry out the water spray tests.
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To the Board of Directors:

Last year’s report of this Committee reviewed the
many important developments in the art of power
generation and dealt particularly with advances in
steam station design and operation. As a committee
we were just a little prone to believe that there could
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not be the advance during 1925 that had taken place
during 1924. Nevertheless, substantial progress has
been made.

IMPORTANT TECHNICAL ACHIEVEMENTS OF THE
LAST YEAR

1. The 3000-kw. turbine designed for operation with
a steam pressure of 1200 lb. per sq. in., which was
referred to in last year’s report, was placed in operation
in the Edgar Station of The Edison Electric Illumi-
nating Company of Boston in December 1925. This
turbine, receiving approximately 125,000 1b. of steam
per hr. from a single high pressure boiler, exhausts its
steam first through a reheating superheater built into
the same setting with the high pressure boiler. The
steam is then delivered to the main steam header of
the station at a pressure of approximately 350 lb. per
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sq. in. The most annoying trouble encountered in
connection with this unit has been vibration incident
to double winding on rotor and possibly undue flexibil-
ity in the rotor shaft of the generator which runs at
3600 r. p. m.

The rotor was originally of the built-up type with
squirrel-cage winding in addition to the usual externally
excited field. This arrangement was adopted as a
precaution in case there should be governor trouble
arising from the use of extremely high pressure steam.
As the governing and synchronizing have proved to be
perfect, however, the generator has been equipped with
a solid field and all vibration has been entirely
eliminated.

The action of the unit is perfectly normal and indi-
cates that equipment of this character is suitable for
regular commercial service, where economically justi-
fiable.

This unit has had over 1800 hours of commercial
operation including oné run of over three weeks’ time
without a shutdown.

The performance of the Edgar Station has been
highly satisfactory. Operated with a favorable load
factor and good coal, the 350-1b. pressure plant has a
record of one lb. of coal per kw-hr. which means practi-
cally 14,000 B. t. u. per kw-hr.

With the single high-pressure boiler and the 3600-
kw., 1200-1b. pressure turbine in service, the average
coal consumption per kw-hr. for the whole station is
reduced three per cent. This indicates that if all four
boilers were of the high pressure type, the fuel consump-
tion per kw-hr. would be reduced 10 per cent, to a
value of 0.9 1b. of coal per kw-hr.

2. With the exception of moderately high outages of
the generating units, the operation of the Philo Station
of the Ohio Power Company, the Twin Branch Station
of the Indiana and Michigan Electric Company, and
the Crawford - Ave. Station of the Commonwealth
Edison Company, all at a pressure of 550 lb. per sq.
in. and a steam temperature of 725 deg. fahr. with the
reheating ecycle, has been quite satisfactory. The
troubles encountered have been of a nature not entirely
chargeable to the use of the higher steam pressure and
temperature and the use of the reheating cycle. The
indications are that these stations may be counted upon
for thoroughly satisfactory and reliable service.

3. The Columbia Power Company’s new 90,000~
kw. station designed for operation with steam at a
pressure of 550 1b. per sq. in. and a temperature of 725
deg. fahr. and for operation on the reheating cycle was
started in December of last year.

4. Two more turbines have been purchased for the
Crawford Ave. Station in Chicago, and a turbine has
been purchased for Waukegan Station of the Public
Service Company of Northern Illinois, all for operation
at a steam pressure of approximately 550 Ibh. per sq. in.
Two new stations have been designed for operation with
this same pressure. There is accordingly either in

[
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operation at a pressure of 550 lb. per sq. in. or now
projected a total of 925,000 kw. of power station
capacity.

5. The Milwaukee Electric Railway and Light Com~
pany is installing in its Lakeside Station for operation
at 1200 1b. pressure a boiler of modified Stirling type
which will deliver steam to a 7000-kw. turbine, the
steam temperature at the throttle being 720 deg. fahr.
The steam will be exhausted through a reheating super-
heater into the main steam header of the station,
maintained at a pressure of approximately 315 lb.
per sq. In.

6. Of particular interest has been the increase]in
the size of turbo generator units as exemplified by the
purchase during the last year of the following machines:

a. A 77,000-kw. and a 90,000-kw. unit pur-
chased from the General Electric Company for
the Crawford Ave. Station in Chicago.

b. An 80,000-kw. Westinghouse turbine for
the Hudson Ave. Station in Brooklyn.

c. A 160,000-kw. turbine for the Hell Gate
Station of the United Electric Light and Power
Company of New York.

This trend towards the use of still larger units is
further indicated by the projected use of turbo generator
units of 200,000-kw. capacity in the New State Line
Station near Chicago. It is to be remembered that the
largest machine which we had to report upon twelve
months ago was of 60,000-kw. capacity.

7. The first large furnace of the Fuller Well type
designed for pulverized fuel firing with turbulent mixing
of coal and air has been placed in operation under a
11,400-sq. ft. boiler in the River Station of the Buffalo
General Electric Company. Three more boiler and
furnace units of the same design are now being installed
in the River Station.

8. The Combustion Engineering Corporation is
advocating the use of an entirely new type of boiler
which will completely surround a furnace built for
pulverized fuel firing. It is proposed to transfer to an
air preheater an extraordinarily large percentage of the
work usually performed by the last passes of the boiler
in serubbing heat from the flue gases. This will result
in the boiler itself being of relatively small area.
Brickwork with its troublesome problem of mainte-
nance is to be almost entirely eliminated.

It is reported in the technical press that the Com-
bustion Engineering Corporation has contracted to
install a total of 15 of these new boiler and furnace units.
in the stations of eight different companies. Each unit
will be capable of evaporating approximately 100,000
1b. of steam per hour.

9. Asindicative of the trend towards the use of very
large boiler units we have the operation of one of the
26,470-sq. ft. Ladd boilers in the River Rouge Plant
of the Ford Motor Company. The furnace for this
boiler was rebuilt during the last year, water-cooled
walls were installed, the pulverized coal feeders and
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burners were revamped, and, the boiler was equipped
with air heaters and induced draft fans of ample pro-
portions. Since being rebuilt this boiler unit has
evaporated a total of 480,000 Ib. of water per hr. which
wou_ld correspond in a well designed steam generating
station to a gross generation of 45,000 kw. in the turbine
room.

10. The Milwaukee Electric Railway and Light
Company has built a plant for the processing of coal,
prior to its use in the boiler plant of the Lakeside
Station. Coal in pulverized form while falling through
two vertical retorts will mingle with rising currents of
hot air and gas which will drive off a considerable
amount of gas including the valuable by-produets of
the coal. The coke residue still in pulverized form,
after being cooled in the hopper at the bottom of the
lower retort, will be pumped to the pulverized fuel
bunkers in the boiler house and burned in the furnaces.
Equipment has been provided for removal of tar and
benzol {rom the gas. .

Experimental work extending over almost a year’s
time has indicated that no major difficulties will be
encountered in operation. This installation in Mil-
waukee 1s well beyond the laboratory stage and pro-
wision is made for the expansion of this processing plant
S0 as to take care of all the coal burned in the station.

This installation is of interest, as the successfulness
of its operation will indicate the advantages which will
accrue from the joint operation of our steam stations
and low-temperature carbonization plants by means of
which coal may be processed before being burned.

TRENDS IN STEAM GENERATING STATION DESIGN

Aside from the individual achievements referred to
above there are certain definite trends in power station
design and operation which should be noted:

1. The heating of the feed water to a temperature
of from 350 to 400 deg. fahr. by means of steam bled
from three or more stages of the turbine.

2. The removal of the heat in the flue gases after
they leave the boiler by means of an air heater which
returns this heat to the furnace.

3. The elimination of the economizer.

4. The wide-spread use of steaming surface for
furnace walls and the elimination of a considerable
part of the furnace brickwork.

5. The use of automatic control in the boiler house
with consequent-improvement in day-in and day-out
operating efficiencies. ‘

6. The use of separate ventilating fans in connec-
tion with very large generators of 62,500 kv-a. and
higher capacities.

7. The use of relatively smaller surface condensers
made possible by more careful design of the condensers
themselves and by a better understanding of the rela-
tion of turbine performance to condenser performance.

DEVELOPMENTS IMMEDIATELY AHEAD

The present combination of boilers and water-cooled
furnaces which are, as one engineer expressed it,
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“fearful and wonderful jobs of plumbing,’” probably
forecast certain changes in boiler and furnace design
which will result in simaplification and decreased in-
vestment, while at Lthe same time maintaining what
appears to be the most logical development of the boiler
surrounding the furnace.

We are probably on the verge of being forced into
the use of higher voltages in connection with the very
large generators now contemplated

AUXILIARY PowER SUPPLY

Two phases of the auxiliary power supply problem
are worthy of study by the members of the Institute:

1. Is the use of 2300 volts for distribution to the
station auxiliaries the best choice, involving as it does
the use of expensive oill-immersed switching equipment
occupying expensive space’ The alternative is a volt-
age of the order of 440 and the substitution of carbon
circuit breakers and contactors for oil switches. This
alternative offers distinet advantages from the stand-
point of reduced investment in equipment and in build-
ing, and in greater ease of inspection and maintenance.

2. What is the best solution for variable speed drive
of the forced and induced draft fans in our new stations?
The difficult nature of the problem is exemplified by an
installation in one of the new stations now being built:
Two 200-h. . motors drive the foreed draft fans of each
boiler and two 550-h. p. motors drive the induced draft
fans for each boiler. The speed of the fans must be
varied by 50 steps through a range from seven to one
and the total h. p. input to the four fans varies from
1500 to 15. In this case the motors for the fans in
connection with one bhoiler cost approximately $12,000
and the electrical control equipment for these motors
cost approximately $20,000 and occupied a considerable
amount of rather expensive space. If electrical engi-
neers can not work out a simpler and less costly solu-
tion for this admittedly difficult problem, power station
designers may have to return to the use of steam tur-
bine drive for these fans, much as they may wish to
avoid this solution, with its attendant use of reduction
gears.

USE OF STEAM AT HIGHER TEMPERATURES

The use of higher steam temperatures of the order
of 800 deg. fahr. and perhaps as high as 900 deg. fahr. is
being forecasted by scattered operating experience, most
of it unpremeditated. Due in the main to errors in
superheater design the steam temperatures have been
higher than anticipated in connection with some of the
new stations. Some of these stations have operated
for appreciable periods of time with steam tempera-
tures in excess of 775 deg. fahr. One turbine operated
foratime with steam at a temperature of approximately
1000 deg. fahr. There have been no serious indications
of distress as a result of operation at these high tempera-
tures. It has recently been reported in the technieal
press that a 40,000-kw. turbine in the Gennevilliers
Station in France operated for 135 hr. during the
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months of October, November and December of last
year with steam at temperatures ranging from 775 to
914 deg. fahr. An inspection made December 25th
showed no indications of deterioration of the parts in
contact with high-temperature steam. The turbine
was returned to service and has continued to operate
satisfactorily with steam at temperatures varying all
the way from 700 deg. to 900 deg. fahr.

These experiences together with the experience
gained in the operation of oil stills tend to show that we
can avail ourselves of the attractive possibilities inci-
dent to the use of steam temperatures considerably in
excess of the present accepted limit of 750 deg. fahr.

JoiNT USE OF STEAM STATIONS AND WATER-POWER
PLANTS

Worthy of attention are three examples of the broad
general solution of power supply by the combined use
of steam generating stations and water-power plants in:

1. The construction of the 350,000-h.p. hydro-
electric plant at Conowingo for joint use with 520,000
kw. of capacity in steam stations of the Philadelphia
Electric Company.

9 The construction of a new 70,000-kw. steam
generating station by the Southern Power Company.

3. The completion of a 128,000-kw. addition to the
Long Beach Steam Station of the Southern California
Edison Company and the starting of work by this same
company on a new station of at least 600,000-kw.
ultimate capacity with an initial development of
94,000 kw. The Southern California Edison Com-
pany has approximately 350,000 kw. installed in water-
power plants.

OPERATING RELIABILITY AND MARGIN OF SPARE
CAPACITY

The results of studies made jointly by a number of
the operating companies of this country having for
their purpose the determination of the operating relia-
bility of our large generating units, are of considerable
interest.

An analysis of the operating records covering the
calendar year of 1925 for 191 steam turbines aggregat-
ing 5,627,000-kw. capacity showed that on an average
these machines were in service 65.1 per cent of total
hours in the year and that they generated 44 per cent
of the maximum possible number of kw-hr.

These machines were idle because not needed 21.25
per cent of the hours in the year. For 13.63 per cent
of the hours in the year, however, they were out of
service for overhauling, inspection, maintenance work
and cleaning, these outages being allocated as shown
below :

Turbine outage.... . ... ... o
Generator outage.......... -
Surface condenser outage . . .— 3.51 per cent
Other causes.............. — 0.98 per cent

Total outages......... ~13.63 per cent

7.29 per cent
1.85 per cent
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Comparing the foregoing results with the results of
similar analyses made during previous years covering
operation for the period from 1914 to 1923 inclusive,
three things stand out in striking fashion:
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